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Purpose: Myofascial trigger points (MTrPs) are the main cause of myofascial pain syndrome (MPS), and patients with MPS also
have symptoms of sympathetic abnormalities. Consequently, this study aimed to investigate the potential relationship between MTrPs
and sympathetic nerves.

Materials and Methods: Twenty-four seven-week-old male rats were randomly divided into four groups (six rats every group). Groups
I and II were kept in normal condition (n=12), and groups III and IV underwent MTrPs modelling (n=12). After successful MTrPs
modelling, differences in sympathetic outcomes between the MTrPs groups (III and IV) and non-MTrPs groups (I and II) were observed.
Sympathetic blockade was then applied to groups Il and I (n=12). Data were collected on peak inversion spontaneous potentials (PISPs) and
the H-reflex-evoked electromyography during spontaneous discharge at the MTrPs before and after sympathetic blockade.

Results: Systolic blood pressure, diastolic blood pressure, mean arterial pressure, and heart rate were significantly higher in the MTrPs
group than in the non-MTrPs group (P<0.05). Compared with group I, group III had the PISPs potential lower wave amplitude, shorter
duration and amplitude-to-duration ratio, and lower H latency and latency difference H-M (P<0.05). Compared with group IV, group III had
the PISPs potential lower wave amplitude, duration, amplitude-to-duration ratio, M-wave latency, H maximum wave amplitude, and
maximal wave amplitude ratio H/M (P<0.05). The changes before and after sympathetic blockade in the MTrPs group were significant, and
the amplitude, duration, and amplitude-to-duration ratio of the PISPs potentials were lower after the blockade (P<0.05).

Conclusion: MTrPs and sympathetic nerves interact with each other forming a specific relationship. MTrPs sensitize sympathetic
nerves, and sympathetic nerve abnormalities affect local muscle myoelectric hyperactivity, leading to MTrPs. This finding is
instructive for the clinical management of sympathetic disorders.

Keywords: myofascial trigger point, sympathetic blockade, electromyography, H-reflex, myofascial pain syndrome

Introduction
Myofascial trigger points (MTrPs) are discrete, palpable, hypertonic, and abnormally sensitive nodules in the skeletal muscle
that often cause localized chronic pain or even distal pain, leading to myofascial pain syndrome (MPS), a typical non-organic
disorder of the neuromuscular system.'” Previous studies have shown that the spontaneous electromyographic signals of
MTrPs may originate from the muscle spindles of skeletal muscle, and that the muscle spindle, a proprioceptive organ, is
neuro-physiologically affected by MTtPs to varying degrees.’ In addition, sympathetic nerves, as part of the peripheral central
nervous system, can be functionally affected by both the afferent and efferent nerves where the myotomes are located.*

The sympathetic nervous system is implicated in both acute and chronic pain and may have analgesic or nociceptive effects
under different circumstances.” Studies in recent years have shown that the sympathetic nervous system can be involved in the
pathogenesis of a wide range of diseases, such as ventricular arrhythmias, diseases associated with autonomic dysfunction

(hyperhidrosis, complex regional pain syndrome, atherosclerotic occlusive disease of the lower limbs, and Raynaud’s disease,
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etc), bone and joint diseases (metabolic bone diseases, osteoporosis, degenerative spinal diseases, etc), vascular diseases
(hypertension, atherosclerosis, pulmonary hypertension, etc), abnormalities in the regulation of energy metabolism (obesity,
diabetes, etc), gastric cancer, and are even associated with the phenomenon of acupoint sensitization in Chinese medicine.®'*
Therefore, the sympathetic nervous system plays a key role in the human body and studying its related pathological
mechanisms is of great importance in guiding various common clinical diseases.

Excitation of the sympathetic nervous system has been shown to increase pain intensity, spontaneous potentiation of MTrPs,
and cause an increase in the concentration of inflammatory substances around the myocytes of MTrPs, particularly
norepinephrine.'> 7 After sympathetic blockade in eight patients with fibromyalgia, six showed a significant reduction in pain
and a decrease in the number of MTtPs.'® This abnormal sympathetic activity triggered by the noxious stimulation of recessive
MTrPs may explain the autonomic symptoms in patients with chronic myalgia, such as vasoconstriction (whitening), coldness,
sweating, and hairiness.'® Sympathetic neurons make close contact with neuromuscular junctions and form a network in skeletal
muscle that may functionally couple different targets including blood vessels, motor neurons, and muscle fibers.?’ The electrical
activity recorded from animal myocytes indicates that electrical stimulation of cortical sympathetic dendrites may act on the
reticular formation to influence myocyte sensitivity by affecting gamma motor nerve firing. This could also explain the
sympathetically induced disruption of proprioceptive information as a potential mechanism for chronic muscle pain.?'**
Studies show that neurogenic inflammation of MTrPs may disrupt the balance between the sympathetic and parasympathetic
nerves in the autonomic nervous system.”> These results suggest that sympathetic overactivity is associated with MTrPs
formation. Increased sympathetic output in humans has been associated with increased sensitivity of the muscle spindle.***
Therefore, we also strongly suspect that the abnormal sensitivity of muscle spindle afferent nerves may be related to the
pathophysiological mechanisms of MTrPs. Moreover, the intrinsic link between MTrPs and sympathetic nerves and the specific
mechanisms involved still remain unclear. For these reasons, we suspect that increased sympathetic nervous system excitability
further sensitizes the gamma motor nerve, which indirectly modulates the neurophysiological activity of the muscle, causing
alterations in muscular discharge and ultimately affecting the proprioceptive function and pain level of the affected muscle.
Therefore, this study aimed to explore the connection between MTrPs and sympathetic nerves through the construction of
a MTrPs model and sympathetic blockade to provide clinical guidance for the diagnosis and treatment of sympathetic diseases

and MPS due to MTrPs.

Materials and Methods

Experimental Animals

Male Sprague-Dawley (SD) rats (n=24; age, 7 weeks; weight, 270-350 g) were randomly divided into four groups.
Groups I and II were used as controls without MTrPs modelling. Groups III and IV were used as the MTrPs modelling
group. Sympathetic blockade was performed simultaneously in groups I and III. Finally, rats were divided into groups
I (sympathetically blocked non-MTrPs group, n=6), II (unblocked non-MTrPs group, n=6), III (sympathetically blocked
MTrPs group, n=6), and IV (unblocked MTrPs group, n=6).

All rats were housed in polypropylene cages with an 11 h/13 h light—dark cycle and kept in a temperature-controlled
room (20-26°C) with a relative humidity of 40-60%. Food and water were provided ad libitum. The experimental
procedures were performed in accordance with local guidelines for animal welfare and the National Research Council’s
‘Guide for the Care and Use of Laboratory Animals’ (National Academies Press, Washington DC, USA), and were
approved by the Nanjing Sport Institute Science Research Ethics Committee (permission no. GZRDW-2020-02). All
efforts were made to minimize the number of animals used and their suffering.

Establishment

Firstly, 24 SD rats were raised normally in order to acclimatize them to the environment. After two weeks, groups I1I and
IV received the MTrPs modelling for eight weeks (n=12). After completing the MTrPs modelling, groups III and IV were
allocated recovery times of 4 weeks. Finally, groups I and III received sympathetic blockade (n=12).
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MTrPs Model
On the first day of each week, the rats were treated with a blow (fixed in the supine position under abdominal anesthesia and
then hit once on the left lower limb in free fall from a height of 20 cm with a 1200 g weight percussion device, causing blunt
contusions on the mid-superior part of the gastrocnemius muscle). On the second day, the rats were trained by centrifugal
exercise on a running table (inclined at an angle of —16°, with the speed gradually increasing to 16 m/min for 90 min each
time). The rats were fed normally for the remaining five days, and this intervention was repeated for eight weeks. The rats then
entered a recovery period, during which they were fed normally for four weeks without any experimental intervention.
Criteria for the successful establishment of the animal model (using internationally accepted characteristics for the
presence of MTrPs): After the rats were restrained in the supine position under abdominal anesthesia, muscles were
dissected from the medial ankle to the thigh, and the gastrocnemius and hamstring muscles were bluntly dissected to
detect the presence of contracture nodes, local twitch responses, high-frequency spontaneous potentials at the nodes, and
other outcomes of successful modelling.?

Sympathetic Blockade

After successful establishment of the MTrPs model, group III (MTrPs) and group I (non-MTrPs) were selected and
injected intraperitoneally at 9:00 am each day with 0.2 mL 6-hydroxydopamine blocked (6-OHDA, Sigma, injection
standard: 100 mg/kg) dissolved in sterilized saline containing 0.01% ascorbic acid; the other two groups of rats were
injected intraperitoneally at 9:00 am each day with 0.2 mL of 0.01% ascorbic acid containing sterilized saline, which was
injected intraperitoneally for five consecutive days. Mean arterial pressure (MAP), heart rate (HR), and urinary
norepinephrine (NE) levels in each group were monitored before each injection.

Sympathetic Excitability

After the rats in the MTrPs groups were successfully modeled, the Panlab NIBP System noninvasive blood pressure
measurement was used to measure the SBP, DBP, MAP and HR in the tail artery of each rat five times at an interval of 3
min, and the mean values were taken as the blood pressure and HR levels.*

Subsequently, urine from each group of rats was collected using the metabolic cage method; 1 mL of 1 mol/L
hydrochloric acid was added to avoid the degradation of NE, and urine was collected after 6 h. The urine was centrifuged
at 4°C 3000 r/min for 5 min, the supernatant was aspirated for 1.5 mL, and the urinary NE excretion was measured by
high-performance liquid chromatography to reflect the sympathetic activity.

Electromyography (EMG)

After the successful sympathetic blockade, the peak inversion spontaneous potentials (PISPs) were recorded in the
resting state of MTrPs and non-MTrPs in each group. Two fine needle electrodes (©0.3 mm) were connected to, and
examined with, an EMG device (Z2J-NB-NCCO08, NuoCheng, Shanghai) to record myoelectrical signals at confirmed
MTrPs. The positive needle of the instrument was pricked into the muscle belly, while the negative needle was pricked at
the MTrPs (muscle twitching occurred after the needle pole was pricked). The EMG data (wave amplitude, duration, and
amplitude-to-duration ratio) of the PISPs were assessed and analyzed by stabbing the rat gastrocnemius muscle belly by
a needle electrode. Amplitude indicates the strength of muscle contraction, reflecting the number of muscle fibers
involved in mixing neuromuscular action potentials; wavelength indicates the duration of muscle contraction, reflecting
the time it takes for a muscle action potential to deviate from baseline and return to baseline again, indirectly reflecting
the speed of nerve conduction; and amplitude-to-wavelength ratio reflects the relationship between the force and duration
of muscle contraction, and at the same time reflects the specific PISP The wave amplitude to wavelength ratio can reflect
the relationship between the force and duration of muscle contraction, and the specific shape of PISP.

H-Reflex

Based on the success of the modelling of MTrPs and sympathetic blockade, the position of each electrode was kept
constant, and a 2-3 cm longitudinal incision was made in the popliteal fossae of rats in both groups. The biceps femoris
muscle was dissected to expose the sciatic nerve and its branches. The tibial nerve was dissected inferiorly from the
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sciatic nerve and its branches. A pair of bipolar hook silver electrodes were placed on the tibial nerve and served as
stimulus electrodes. The recording electrodes of rats in the control group were placed at non-MTrPs, which were in the
same position as the MTrPs in the gastrocnemius muscle of the rats in the experimental group. The stimulus parameters
were set as follows: current, constant square; stimulus frequency, 0.5 Hz; stimulus pulse width, 0.05 ms; current
increment, 0.1 mA; magnification, 50 times; scan speed, 1 ms/D; sensitivity, 1 mV/D; high cut, 3000 Hz; and low cut,
20 Hz. When the stimulus was initiated, the current was gradually increased from zero to obtain continuous records of
needle EMG of the H-reflex evoked by the rats. After the stimulus, we analyzed the available needle EMG of the H-reflex
and evaluated the H-reflex outcomes (M latency, H latency, M maximum wave amplitude, H maximum wave amplitude,
H-M latency difference, and H/M maximum wave amplitude ratio).?

Statistical Analysis

All statistical analyses of sympathetic outcomes (SBP, DBP, MAP, and HR) and EMG outcomes (EMG wave amplitude,
duration, amplitude-to-duration ratio, and H-reflex) between the model groups and normal controls and between each of
the model groups were performed using SPSS 22.0. Data were expressed as mean + standard deviation (ieq), and the
same index between two groups of rats was tested by the z-test for unpaired samples, while the same index between
multiple groups of rats was analyzed by one-factor analysis of variance followed by post hoc Tukey’s test, with P<0.01 as
highly significant and P<0.05 as significant.

Results

Effect of MTrPs on Sympathetic Nerves
As shown in Table 1, SBP, DBP, MAP, HR, and urinary NE levels were significantly higher in the MTrPs group than in
the non-MTrPs group (P<0.05). This suggests that the sympathetic nerves of the rats in the MTrPs model were more

active.

Effects of Sympathetic Blockade

Blood Pressure and HR

When comparing the data before the blockade, the sympathetic outcomes of rats in groups I and III after the blockade

significantly decreased, while the outcomes of rats in groups Il and IV were relatively stable. The differences in each

sympathetic nerve index between groups I and III and groups II and IV were significant after the blockade (P<0.01) (Table 2).
When comparing the sympathetic outcomes in each group (Table 2, after blockade), there was a certain decrease in

both groups I and III compared to groups II and IV. Group I showed the most significant decrease (P<0.05). In contrast to

group I, group III showed an increase in all outcomes (P<0.05) (Figure 1).

Urinary NE Excretion

According to the ELISA test results, there was no significant difference between NE emissions in the urine of unblocked
groups II and IV before and after sympathetic blockade. There was a significant difference in NE emission in the urine of
the blocked groups I and III before and after sympathetic blockade, and NE emission in the urine was lower after
blockade (P<0.05) (Figure 2).

Table | Comparison of Data for Each Indicator Related to Sympathetic Nervous System Before Blockade (X & SD, n=24)

Group n Systolic Blood Diastolic Blood Mean Arterial Heart Rate Urinary NE
Pressure (mmHg) Pressure (mmHg) Pressure (mmHg) (bpm) Levels (nmol/L)

non-MTrPs group 12 147.62+4.65 85.65+11.03 105.74+6.54 372.86%25.13 91.07+10.09

MTrPs group 12 160.0246.05%* 100.56+8.99** 120.47+6.52** 402.67+23.54* 101.24£11.71*

Notes: No-MTrPs group compared to MTrPs group: **P < 0.01; *P < 0.05.
Abbreviation: NE, norepinephrine.
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Table 2 Comparison of Data on Various Sympathetic-Related Indicators Before and After Sympathetic Blockade in
Each Group(X + SD, n=24)

Group n Systolic Blood Pressure Diastolic Blood Mean Arterial Pressure Heart Rate
(mmHg) Pressure (mmHg) (mmHg) (bpm)

Before sympathetic blockade

| 6 145.85+5.92 85.27+9.47 104.47+4.85 398.83+11.43

I 6 149.35+7.28 84.73+10.22 106.94+6.45 358.28+13.51

1 6 151.50+14.64 91.84+26.19 114.33+17.21 418.82+39.66

v 6 156.30+9.32 87.40+13.03 110.52+10.98 361.12+20.06
After sympathetic blockade

| 6 105.91+14.75™ 67.3945.35™" 84.19+6.73" 356.55+22.62™"

I 6 157.049+6.37+* 85.98+5.52* 109.64+4.61* 338.09+27.56

n 6 133.86+2.47""+% 85.39+12.37™ 102.88+8.22""* 403.67+8.46""+&

v 6 173.2443.98%# 102.70+9 .46 127.5847 .34 338.39+15.96"

Notes: Before sympathetic blockade groups compared to after sympathetic blockade groups: ""P<0.05. In after sympathetic blockade, compared with
Group I: #P < 0.01; *P < 0.05; compared with Group II: #P < 0.05; compared with Group IIl: P < 0.01, #P < 0.05.

Therefore, as the changes in sympathetic nerve parameters and urinary NE excretion before and after the blockade
were significant, the protocol of blocking the sympathetic nerve of rats by continuous intraperitoneal injection of 0.2 mL
of 6-hydroxydopamine dissolved in sterile saline containing 0.01% ascorbic acid for five days to model sympathetic
nerve-blocked rats was successful, and it ensured the validity of the follow-up experiments.

EMG

Changes in PISP

Figures 3 and 4 show the characteristics of the PISP in the EMG between the groups of rats. Compared with group II,
group I after sympathetic blockade showed partial PISP, while the wave amplitude of PISP was lower in group III than in
IV (P<0.05).

Compared with group II, group I showed a significant increase in wave amplitude and amplitude-to-duration ratio
(P<0.05). The duration and amplitude-to-duration ratios of rats in group III were significantly lower (P<0.05), whereas the
wave amplitude, duration, and amplitude-to-duration ratios of rats in group IV were significantly higher (P<0.05). Groups IV
and I showed significantly higher wave amplitude, duration, and amplitude-to-duration ratios than group III (P<0.05). The
duration in group I was lower and the amplitude-to-duration ratio was higher than in group IV (P<0.05) (Figure 4).

Effect of Sympathetic Blockade on the Changes in the PISPs of Rats in the MTrPs Group

The outcomes of PISP in EMG before and after sympathetic blockade in the MTrPs group changed significantly, and the
EMG wave amplitude, duration, and wave amplitude amplitude-to-duration ratio were significantly higher (P<0.05) after
the blockade (Figure 5).

H-Reflex

Figures 6 and 7 show the differences in the H-reflex between the four groups of rats, with the sympathetic blockade
groups being significantly inhibited and having a smaller reflex amplitude. H latency and latency difference in H-M were
significantly lower in the rats in group III (P<0.05) than in group I; in rats in group IV, M latency and the maximal wave
amplitude ratio H/M were significantly higher, while H latency, M maximal wave amplitude and the latency difference in
H-M were significantly lower (P<0.05); M maximal wave amplitude was significantly lower in rats in group III (P<0.05)
than in group II; the M maximum wave amplitude and the latency difference in H-M were significantly lower and the
maximum wave amplitude ratio was significantly higher in group IV rats (P<0.05); the M latency, H maximum wave
amplitude and the maximum wave amplitude ratio H/M were significantly higher in group IV rats than in group III
(P<0.05).
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blockade modelling (c) Group Il :MTrPs and sympathetic blockade modelling (d) Group IV :MTrPs and no sympathetic blockade modelling.
Abbreviation: PISP, peak inversion spontaneous potential.

Discussion

Recent studies have shown that treatment with MTrPs facilitates healing and recovery from sympathetic-related
disorders.'>*’2* However, the intrinsic link between MTrPs and sympathetic nerves and the specific mechanisms
involved remain unclear. This study showed that MTrPs can sensitize peripheral sympathetic nerves and affect their
regulation, leading to an increase in HR and blood pressure, which may ultimately lead to related diseases.
Simultaneously, a decrease in sympathetic modulation (eg, sympathetic blockade in this study) also results in
a corresponding suppression of local EMG at the MTrPs and H-reflex, which evokes muscle spindle discharge. Thus,
if we think backwards, the disease-causing sympathetic sensitization could be the cause of MTrPs formation and even
worsening. Localized MTrPs sensitize the corresponding sympathetic nerves. This has adverse psychological and
physiological effects on patients and should be noted in clinical practice.

Effects of MTrPs Formation on Sympathetic Nerves

This study showed that the formation of chronic MTrPs significantly increased HR, blood pressure, and urinary NE levels
in rats, suggesting that chronic MTrPs formation may lead to central sympathetic hyperactivity, which is involved in the
activation of cardiac and renal autonomic nerves in rats. Previous studies have shown that central sensitization of the
spinal cord is the main neurophysiological mechanism involved in the painful symptoms of MTrPs.?’ Pain induced by
central sensitization in the spinal cord can directly affect cardiovascular activity, such as blood pressure, HR, and renal
metabolic activity by enhancing sympathetic effusion and regulating the balance between the vagus and sympathetic
nerves. In addition, several clinical studies have shown that symptoms such as the localized twitch response, abnormal
sweating, abnormal skin temperature, and the sympathetic skin response in MPS patients point to possible localized
sympathetic reorganization and abnormal innervation of MTrPs.*® Therefore, the inactivation of MTrPs may be necessary
for the treatment of sympathetic symptoms.

Effects of the Changes in Sympathetic Function on MTrPs
Comparing the outcomes of the PISP between groups, significant changes were also demonstrated. However, unlike
the more monotonous changes in sympathetic nerves, the various changes in the PISPs and H-reflex in EMG were
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Abbreviation: EMG, Electromyography.

simultaneously affected by both sympathetic blockade and the formation of MTrPs. The possible interactions between
the two have not yet been determined; therefore, their effects on the PISPs and H-reflex are comprehensive. The
formation of MTrPs led to an increase in local EMG and greater proprioceptive excitation, whereas sympathetic
blockade inhibited the production of electromyographic signals, as discussed in the previous paragraph. Therefore,
both sympathetic blockade and the effects of the formation of MTrPs have a more or less comprehensive effect on
EMG, causing changes in the values of its parameters, and the PISP in the EMG itself is a myoelectric feature of
MTrPs. Therefore, it is conceivable that the operation of sympathetic nerves may also directly or indirectly influence
the formation of MTrPs and their development. In addition, the changes in the H-reflex suggest that sympathetic
blockade can inhibit the H-reflex pathway, which is associated with proprioceptors in skeletal muscle and may have
caused abnormal discharge of the sarcomere and generated the PISP, which ultimately induced or promoted the
formation and development of MTrPs.

This study showed that sympathetic blockade significantly suppressed the PISP wave amplitude, wave frequency, and
the induced H-reflex at MTrPs, suggesting that the PISP potentials observed at MTrPs may be related to sympathetic
overactivity. Anatomical and electrophysiological evidence has confirmed that sympathetic innervation is not restricted to
the blood vessels supplying the spindles and that the intrafusal fibers are directly innervated by the sympathetic nervous
system.’'? Some muscle spindles also receive autonomic axons that are in a nonselective neuro-effective association

with intrafusal muscle fibers. The presence of one or two very small-diameter (less than 0.5 pm) unmyelinated nerve
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fibers in the human muscle spindle without any endings were observed and considered sympathetic.>**> Based on this
evidence, we suggest that sympathetic blockade inhibits the hypersensitive H reflex pathway at MTrPs, possibly by
inhibiting MTrPs myosin la afferent nerves in order to achieve a lower H max. In addition, sympathetic hyperexcitability
not only contributed to the increased sensitivity of the innervated musculus but also significantly increased the
excitability of the entire H-reflex pathway, which also induced central sensitization and overactive o-motor neurons in
the spinal cord, resulting in dysfunction of the skeletal muscle motor end plate and acceleration of MTrPs formation. In
addition, it has been shown that sympathetic blockade significantly promotes the repair of MTrPs myocytes and reduces
their local inflammation, providing a strong molecular biological basis for the extrapolation of this study.>® Therefore,
sympathetic overactivity may be an important cause of chronic MTrPs formation.

Hypothesis Between the Association of Sympathetic Nerves and MTrPs

Taken together, this is sufficient to confirm the conjecture of the earlier part of this study that there may be structural or
functional links between MTrPs and sympathetic nerves. Furthermore, the excitability of sympathetic nerves and the
formation of MTrPs may be positively correlated; that is, relatively abnormally excited sympathetic nerves may promote
or even induce the formation and development of MTrPs, whereas the deterioration of MTrPs may sensitize sympathetic
nerves. This leads to a vicious cycle of “MTrPs latency to sympathetic sensitization and then MTrPs activation”. In
clinical practice, physicians often have difficulty associating sympathetic nervous system disorders with MTrPs, and
therefore may misdiagnose them as having other etiologies and miss the optimal time to treat the disease. In future
clinics, there may be many sympathetic nervous system-related diseases that can be cured by inactivating MTrPs. In
conclusion, there is a link between MTrPs and sympathetic nerves and the two interact, and their effects may be
positively correlated.
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Conclusion

In this study, the interaction between MTrPs and sympathetic nerves was demonstrated by combining an MTrPs model
and sympathetic nerve block, and by monitoring blood pressure, HR, and EMG signals. MTrPs sensitize the sympathetic
nerves, and sympathetic nerve abnormalities affect local muscle myoelectric hyperactivity, leading to MTrPs. This
finding is instructive for the clinical management of sympathetic disorders and chronic muscle pain. However, evidence
for a lack of correlation between MTrPs and sympathetic nerves remains to be investigated.

Abbreviations

MTrPs, myofascial trigger points; MPS, myofascial pain syndrome; PISPs, peak inversion spontaneous potentials; EMG,
electromyography; NE, norepinephrine; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial
pressure; HR, heart rate.
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