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Background & Aims. Myofascial pain syndrome (MPS) is a common non-articular disorder
of the musculoskeletal system which is characterized by the presence of myofascial trigger
points (MTrPs). Despite the high prevalence of MPS, its pathogenesis, which induces the
onset and maintenance of MTrPs, is still not fully understood. To date, there are no studies
investigating the changes in the biochemical milieu with respect to ischemia and hypoxia
that mentioned in the integrated hypothesis in the MTrPs region of the muscle. Therefore,
this study was to investigate whether ischemia-hypoxic conditions are involved in the
formation of MTrPs to affect angiogenesis assessed by color Doppler flow imaging (CDFI).
Methods. Twenty-five Sprague Dawley rats were randomly divided into a model group
and a normal control group. The model of MTrPs was established by a blunt strike
combined with eccentric exercise. Enzyme-linked immunosorbent assay (ELISA) analyses
were employed to detect the serum levels of HIF-1α and VEGF. Microvessel density (MVD)
was evaluated by immunohistochemistry. CDFI was applied to observe the blood flow
signals in the MTrPs, which were graded as four types based on their strength. Results.
Compared with those in the control group, the expression of HIF-1α and VEGF as well as
the MVD in the MTrPs group were significantly increased. This was accompanied by
increased blood flow signals. In the MTrPs group, the grade of the blood flow signal was
positively correlated with the MVD (P<.05) and independently correlated with higher levels
of VEGF (P<.05); there was no correlation between the expression of HIF-1α and the grade
of the blood flow signal (P>.05). Conclusion. Ischemia-hypoxia conditions may be
involved in the formation of MTrPs. CDFI can detect the features of angiogenesis in or
surrounding MTrPs by assessing the blood flow signal.
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22 Abstract

23 Background & Aims. Myofascial pain syndrome (MPS) is a common non-articular disorder of 

24 the musculoskeletal system which is characterized by the presence of myofascial trigger points 

25 (MTrPs). Despite the high prevalence of MPS, its pathogenesis, which induces the onset and 

26 maintenance of MTrPs, is still not fully understood. To date, there are no studies investigating 

27 the changes in the biochemical milieu with respect to ischemia and hypoxia that mentioned in the 

28 integrated hypothesis in the MTrPs region of the muscle. Therefore, this study was to investigate 

29 whether ischemia-hypoxic conditions are involved in the formation of MTrPs to affect 

30 angiogenesis assessed by color Doppler flow imaging (CDFI).

31 Methods. Twenty-five Sprague Dawley rats were randomly divided into a model group and a 

32 normal control group. The model of MTrPs was established by a blunt strike combined with 

33 eccentric exercise. Enzyme-linked immunosorbent assay (ELISA) analyses were employed to 

34 detect the serum levels of HIF-1α and VEGF. Microvessel density (MVD) was evaluated by 

35 immunohistochemistry. CDFI was applied to observe the blood flow signals in the MTrPs, which 

36 were graded as four types based on their strength.

37 Results. Compared with those in the control group, the expression of HIF-1α and VEGF as well 

38 as the MVD in the MTrPs group were significantly increased. This was accompanied by 

39 increased blood flow signals. In the MTrPs group, the grade of the blood flow signal was 

40 positively correlated with the MVD (P﹤0.05) and independently correlated with higher levels of 
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41 VEGF (P﹤0.05); there was no correlation between the expression of HIF-1α and the grade of 

42 the blood flow signal (P﹥0.05).

43 Conclusion. Ischemia-hypoxia conditions may be involved in the formation of MTrPs. CDFI can 

44 detect the features of angiogenesis in or surrounding MTrPs by assessing the blood flow signal.

45 Keywords: Myofascial trigger points, Ischemia - hypoxic, Angiogenesis, Ultrasound, Color 

46 Doppler flow imaging

47

48

49 INTRODUCTION

50 Myofascial pain syndrome (MPS) is a common non-articular disorder of the musculoskeletal 

51 system affecting as many as 15% of patients in general medical practice and up to 85% in pain 

52 management centers (Fleckenstein et al., 2010; Srbely et al., 2016 ). MPS is characterized by the 

53 presence of MTrPs that are discrete, stiff and hyperirritable nodules in a palpable taut band of 

54 skeletal muscle during physical examination. Many physicians currently make a definite 

55 diagnosis of MPS by finding one or more MTrPs. Knowing the underlying etiology of MTrPs is 

56 critical not only to preventing their development and recurrence but also for inactivating and 

57 eliminating existing MTrPs (Bron et al., 2012). There is a consensus that muscle overuse, direct 

58 trauma or psychological stress are thought to lead to the development of MTrPs (Simons et al., 

59 1999 ). Almost everyone has experienced muscle pain as a result of trauma, injury, overuse, or 

60 strain (Shah et al., 2015 ). If muscle pain persists long after the resolution of the injury factors, 

61 and normal recovery is disturbed, MTrPs may develop.
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62 Despite the high prevalence of MPS, its pathogenesis, which induces the onset and 

63 maintenance of MTrPs, is still not fully understood (Jafri et al., 2014 ). At present, an intriguing 

64 possible mechanism mentioned by Simons, “The Integrated Trigger Point Hypothesis”, is widely 

65 accepted by various researchers, which postulates that an “energy crisis” perpetuates an initial 

66 sustained low-level muscle contraction, and a decrease in intramuscular perfusion has been 

67 assumed (Simons et al., 1999 ). Thus, this leads to local ischemia, hypoxia, and insufficient ATP 

68 synthesis, which are responsible for increasing acidity and Ca2+ accumulation and subsequent 

69 sarcomere contracture. As long as sarcomere contracture persists, local intramuscular perfusion 

70 will be decreased, and ischemia and hypoxia will be increased. It is conceivable that the vicious 

71 cycle would likely lead to the development of MTrPs (Shah et al., 2015; Simons et al., 1999 ). 

72 Previous studies have demonstrated that increased levels of pain and inflammatory 

73 biomarkers have been detected in the vicinity of active MTrPs (Shah et al., 2008; Shah et al., 

74 2005;  Grosman-Rimon et al., 2016; Lv et al., 2018 ). These findings objectively support Simons’ 

75 integrated hypothesis. However, to date, there are no studies investigating the changes in the 

76 biochemical milieu with respect to ischemia and hypoxia in the MTrPs region of the muscle. It is 

77 not yet clear whether this phenomenon is involved in the progression of MTrPs. It is well known 

78 that hypoxia can enhance the expression of HIF-1α, which is an oxygen concentration-dependent 

79 key transcription factor, thereby regulating its downstream target gene VEGF ( Pugh et al., 2003 

80 ). This result has demonstrated the regulation of the process of angiogenesis under hypoxia–

81 ischemia conditions ( Pugh et al., 2003 ). In addition, VEGF is also confirmed to be involved in 

82 muscle repair mechanisms and skeletal muscle capillary formation, allowing the restoration of 

83 the blood flow to the injured tissue (Olfert et al., 2010; Li et al., 2010 ). Accordingly, it is likely 

84 that the levels of HIF-1α and VEGF increase in response to active MTrPs.
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85 To this end, this study was conducted to establish an active MTrP model based on direct 

86 trauma in rats according to a previous study (Huang et al., 2013 ). The aim of the present study 

87 was to compare the levels of HIF-1α, VEGF and MVD between the active MTrP group and the 

88 normal control group to confirm hypoxia and ischemia, as mentioned in the integrated hypothesis, 

89 and to investigate whether these indicators are associated with the grades of the ultrasound blood 

90 flow signal.

91 MATERIALS AND METHODS

92 Experimental animals

93 Twenty-five healthy male Sprague Dawley rats that were 7 weeks old (body weight: 200–220 g) 

94 and purchased from the Animal Experiment Center of Guangxi Medical University (Nanning, 

95 China) were randomly divided into two groups: (1) normal control group (n﹦10) and (2) model 

96 group (n﹦15). All of the rats were kept in a pathogen-free animal facility with a controlled 

97 temperature of 22–24°C and 42% humidity，maintained under a constant 12 h dark/12 h light 

98 cycle. They were fed with free access to food and water. At the end of experiment, after 

99 obtaining the tissue section, all rats were euthanized through intraperitoneal injection of 

100 pentobarbital sodium (200 mg/kg). Animal experiments were conducted in accordance with local 

101 protocols for the care and use of laboratory animals. The procedures were all approved by the 

102 Animal Ethics Committee of Guangxi Medical University (Approval No: 201904013).

103

104 Animal model

PeerJ reviewing PDF | (2020:06:49923:0:1:NEW 19 Jun 2020)

Manuscript to be reviewed



105 The MTrP model was established as described by Huang et al (Huang et al., 2013 ) by a blunt 

106 strike combination with eccentric exercise for 8 weeks. The rats were anesthetized with an 

107 injection of 30 mg/kg pentobarbital sodium before being fixed on the board of a homemade 

108 striking device every Saturday. A blunt strike to the right proximal gastrocnemius, which had 

109 been marked on the skin, was performed by a 1200 g stick freely dropped from a height of 20 cm 

110 with a kinetic energy of 2.352 J (Huang et al., 2013 ). On the second day (every Sunday), all 

111 injured rats underwent 90-minute eccentric exercise on a treadmill (SA101B, Jiangsu Saiangsi 

112 Biological Technology Co., Ltd. Nanjing, China) at a −16° downhill angle and speed of 16 

113 m/min (Huang et al., 2013 ). Subsequently, the rats rested for 5 days a week without any 

114 intervention. All rats in the model group were treated in this way for 8 weeks with a subsequent 

115 4 weeks of rest, while the rats in the control group did not undergo any intervention in this period.

116

117 Ultrasound image Processing

118 After modeling, the fur and skin covering the right gastrocnemius area were shaved and cleaned. 

119 Then, all rats underwent an ultrasonographic examination using the Aplio 500 clinical ultrasound 

120 (US) system (Toshiba Medical System Corporation, Tokyo, Tochigi, Japan) with a linear array 

121 transducer (5–14 MHz). MTrPs were determined within the taut band by two diagnostic 

122 sonographers with 10 and 16 years of experience through a combination of grayscale imaging 

123 and sonoelastography. According to the previous literature (Sikdar et al., 2009; Kumbhare et al., 

124 2016; Shankar et al., 2012 ), compared to the surrounding tissues, MTrPs are focal hypoechoic 

125 (darker) or hyperechoic (brighter) areas with heterogeneous echotextures on grayscale imaging 

126 and stiffer regions on sonoelastography. In the present study, strain elastography (SE) was 
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127 applied to identify the MTrPs through real-time color elastic graphs and grayscale US images. 

128 The hardness of tissues increased gradually as shown by the colors from green (soft tissue) to 

129 blue (hard tissue). CDFI was applied to detect blood flow in the MTrPs. The blood flow signals 

130 were semiquantitatively classified into four grades on the basis of the criteria of Adler (Adler et 

131 al., 1990 ): grade 0, no blood flow signal; grade I, one or two dot-like blood flow signals; grade 

132 II, three dot-like or thin and short blood flow signals; and grade III, one or more large and long 

133 blood flow signals (Fig. 1).

134 In cases of the presence of more than one MTrP diagnosed by US imaging within the 

135 gastrocnemius area, the point with the richest blood flow signal in the referenced location was 

136 chosen.

137

138 Electromyographic and histological assays

139 The examination of all rats was performed by an electromyographic (EMG) device (NTS-2000, 

140 Nuocheng Medical Co., Ltd., Shanghai) to record the EMG. First, the right gastrocnemius area of 

141 rats was completely exposed. The palpable taut band of muscle was marked. Then, the electrode 

142 was inserted into the taut bands to detect the spontaneous electrical activity (SEA), which 

143 determined the presence of active MTrPs (Huang et al., 2013 ). After the SEA was determined, 

144 segments of corresponding tissue in muscle were cut off and fixed in formalin buffer to 

145 subsequently reveal the histological changes of active MTrPs. Similarly, rats in the control group 

146 underwent EMG, and histological assays were performed at the same positions.

147
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148 Microvessel density analysis

149 MVD of the gastrocnemius muscles of rats from the two groups was detected by hematoxylin-

150 eosin (HE) staining. Paraffin sections were fixed and stained with HE. The primary anti-CD31 

151 antibody (1: 500, v/v) used to detect vascular endothelial cells was added and incubated 

152 overnight at 4°C. After three 5-min washes, the secondary anti-mouse IgG (1:2000) antibody 

153 was incubated at 37°C for 1 h. Then, the samples were washed with PBS buffer. The hotspot 

154 method was applied to determine the MVD as previously proposed by Weidner (Weidner et al., 

155 1991 ). Three areas of increased vascularization were selected under a 40 x optical field of view. 

156 The average microvessel counts in three selected fields were calculated under 200 x 

157 magnification.

158

159 Enzyme-linked immunosorbent assay analysis

160 Due to the extremely small size of MTrPs (3-4 mm2), muscle tissues were obtained from the 

161 vicinity of MTrPs and stored at -80°C to increase the sensitivity of the test sample. Tissue 

162 samples (100 mg) were homogenized at 4°C and centrifuged for 5 min at 5000 rpm and 2 - 8°C. 

163 ELISA was utilized to quantify the concentrations of HIF-1α and VEGF by strictly following the 

164 manufacturer’s instructions (Cusabio Biotech CO., Ltd., Wuhan, China).

165

166 Statistical analysis

167 All data were analyzed with SPSS 22.0 software (Chicago, IL, USA). The data normality was 

168 checked by the Komogorov-Sminorv test. Descriptive statistics including the levels of HIF-1α 
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169 and VEGF and the results of MVD are presented as the mean and standard deviation. The 

170 Independent-Samples T Test was used to verify the differences between the MTrP group and the 

171 normal control group. The correlations between the grade of the blood flow signal, MVD, VEGF 

172 and HIF-1α were calculated using the Spearman rank correlation coefficient. For all tests used, 

173 statistical significance was set at a value of P < .05.

174 RESULTS

175 Of the 15 modeling rats, one died unexpectedly due to anesthesia. Therefore, a total of 24 

176 rats survived in the present study (model group: n﹦14, normal group: n﹦10).

177

178 Ultrasound findings

179 In B-mode imaging, MTrPs were visualized in all rats of the model group within the taut band of 

180 the right gastrocnemius muscle, which was consistent with the location of the palpable nodule 

181 during physical examination, while no MTrPs were found in the control group. The great 

182 majority of MTrPs showed an ellipsoidal, focal, hypoechoic region, and 2 rats exhibited a 

183 hyperechoic region. Among them, 4 rats had more than one hypoechoic region, and the point of 

184 the greatest blood flow signal was chosen. The average size of MTrPs was 3.3±0.18 mm2. In 

185 addition, SE imaging consistently detected a focal stiff region that was entirely covered in blue 

186 or mostly blue with little green. These findings were in agreement with what has been described 

187 by Kumbhare et al (Kumbhare et al., 2016). (Fig. 2).

PeerJ reviewing PDF | (2020:06:49923:0:1:NEW 19 Jun 2020)

Manuscript to be reviewed



188 CDFI examination indicated that the vessels in and around MTrPs were richer than the 

189 normal muscle tissue, which showed no blood flow signal. The detailed data for the rats from the 

190 MTrP group are listed in Table 1.

191

192 EMG and pathological features

193 The taut bands of the muscles presenting with abnormal ultrasonic changes were verified to show 

194 spontaneous electrical activities and local twitch responses by an EMG device. The rats in the 

195 normal control group showed no EMG activity (Fig. 3).

196 The pathological sections from the area of MTrPs revealed that muscle fibers varied in shape 

197 and size. Specifically, muscle fibers became thinner at both ends and swelled in the middle with 

198 contraction nodules in the longitudinal section and local muscle fiber gap widening. However, 

199 the size and shape of muscle fibers from normal controls were uniform (Fig. 4). This was 

200 consistent with what has been noted in the previous literature (Zhang et al., 2017 ).

201

202 MVD detection

203 As shown in Fig. 5, the cytoplasm of vascular endothelial cells in the gastrocnemius muscles of 

204 rats was stained brownish-yellow by labelling of CD31 protein. The MVD of the model and 

205 control groups under 200 x optical magnification were 123.64±9.56 and 84.70±13.46, 

206 respectively. The MVD of the MTrP group was significantly higher than that of the control 

207 group (p﹦.000). Additionally, by comparing the vascular morphology of the two groups, it was 
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208 found that the blood vessels in the MTrP group were thicker and less regularly distributed than 

209 those in the control group.

210

211 Expression of HIF-1α and VEGF in the two groups

212  To investigate ischemia and hypoxia in the MTrPs, the serum levels of HIF-1α and its 

213 downstream target gene VEGF were detected by ELISA. As displayed in Fig. 6, the expression 

214 of HIF-1α and VEGF in the MTrP group was significantly higher than that in the normal control 

215 group (p < .05).

216

217 Correlation analysis of HIF-1α, VEGF and MVD with blood flow signals in the MTrP 

218 group 

219 In the MTrP group, the serum levels of VEGF and MVD were positively correlated with the 

220 grades of the blood flow signal, and the correlation coefficients were 0.595 and 0.761, 

221 respectively. There was no significant association between the levels of HIF-1α and the grades of 

222 the blood flow signal (Table 2).

223

224 DISCUSSION

225 The present study was undertaken to determine whether ischemia–hypoxia, as mentioned in the 

226 integrated hypothesis, is involved in the formation of MTrPs and the underlying effect on 

227 angiogenesis. The preliminary findings in this study demonstrate that (1) significantly increased 
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228 levels of HIF-1α and VEGF as well as an increase in the MVD in rats with MTrPs compared 

229 with those in the normal controls; (2) the grade of blood flow signals detected by CDFI was 

230 positively correlated with VEGF expression and the MVD. These results were in line with the 

231 intramuscular changes associated with the ischemia–hypoxia microenvironment, suggesting an 

232 objective basis of support for the integrated hypothesis of MTrPs.

233 As expected in the present study, the active MTrP rat model was successfully established by a 

234 blunt strike combined with eccentric exercise, which was confirmed through changes in 

235 palpation, US imaging, local twitch response, EMG and pathology according to the criteria 

236 defined by Travel and Simons (Simons et al., 1999). Eccentric exercise can result in muscle pain 

237 and damage because muscle fibers are stretched irregularly and unevenly to a point beyond the 

238 filament overlap（Gerwin et al., 2004）. Based on eccentric exercise, the right gastrocnemius 

239 muscle was struck, which was different from the left medial femoral muscle, as suggested by 

240 another study (Huang et al., 2013), because the gastrocnemius muscle is always clinically 

241 involved in chronic myofascial pain(Benito-de-Pedro et al., 2020 ). Previous studies have shown 

242 that eccentric exercise in rats or mice produced more damage in the gastrocnemius than in the 

243 tibialis anterior muscle, which was attributed to the flexor muscle undergoing longer eccentric 

244 exercise than the dorsiflexor during downhill running (Marqueste et al., 2008; Mathur et al., 

245 2011).

246 Increased levels of HIF-1α and VEGF were detected in the MTrP group, which was consistent 

247 the major role of hypoxia in the overall process (Pugh et al., 2003). Previous studies have 

248 demonstrated that HIF-α levels are generally low in normal hypoxic rodent tissues and may not 

249 be detectable even in areas of physiological hypoxia, such as the renal medulla (Pugh et al., 2003; 
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250 Rosenberger et al., 2002 ). When systemic hypoxia or tissue ischemia increases, HIF-α levels are 

251 enhanced and subsequently induce the expression of VEGF (Pugh et al., 2003). Ischemia and 

252 hypoxia are usually followed by the stimulation of tissue angiogenesis. Blood vessel formation is 

253 linked to growth factors. However, the great majority of data on angiogenesis came from 

254 pathophysiological studies of vasculature and tumors (Tamura et al., 2019) . In fact, other studies 

255 have shown that the induction of HIF-1α can be activated under a range of ischemic, hypoxic and 

256 inflammatory conditions, such as wounding of skin (Elson et al., 2000 ) , arthritis (Feng et al., 

257 2019 ), and colonic inflammation (Wang et al., 2017). Similarly, the present data from the MTrP 

258 group also demonstrated an obvious increase in the MVD compared to that in the normal control, 

259 suggesting that angiogenesis was promoted in zones of MTrPs. This finding was in agreement 

260 with a report that revealed VEGF as a growth factor involved in skeletal muscle repair 

261 mechanisms and capillary formation (Grosman-Rimon et al., 2016).

262 The ischemia and hypoxia at the trigger point may be closely associated with sustained 

263 contraction of muscles to shape local hypercontractions, which result in high intramuscular 

264 pressure to compress capillaries and impede local muscle blood flow, a condition that would lead 

265 to intramuscular hypoperfusion and local ischemia (Gerwin et al., 2004; Sikdar et al., 2010 ). 

266 Hypoxia is involved in MTrPs, which is in line with the concept of circulation hypoperfusion 

267 because ischemia generates hypoxia (Gerwin et al., 2004 ). Due to continuous ischemia and 

268 hypoxia, low levels of adenosine triphosphate (ATP) and mitochondrial dysfunction are likely to 

269 occur and form a vicious cycle, resulting in an ischemia-induced energy crisis in myofascial 

270 syndromes (Simons et al., 1999; Gerwin et al., 2004).

271 Although the diagnosis of MTrPs was determined by conventional US combined with SE 

272 examination, the aim of this study was to investigate the features of blood flow signals. To date, 
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273 only three studies (Sikdar et al., 2009;Sikdar et al., 2010; Ballyns et al., 2011) have attempted to 

274 characterize the features of the Doppler flow waveform to examine the highly resistive vascular 

275 bed in and around the MTrPs. There were no studies to assess the characteristics of angiogenesis 

276 at a trigger point. CDFI is the most common tool used to sensitively visualize blood flow. The 

277 data of this study revealed that the signals of blood flow were stronger in the MTrP group than in 

278 the control group. Conspicuous blood vessels were found at 12 of the 14 sites in the MTrP group, 

279 while no blood flow signals were found in the controls. Intriguingly, the signals of blood flow in 

280 the zone of MTrPs were mainly at level I-II (9／14), with 3 cases at level III, suggesting that the 

281 majority of subjects presented with dot-like or short blood flow signals. Two cases were found in 

282 which a large and long blood vessel passed through the trigger point, as previously reported 

283 (Sikdar et al., 2010).

284 In addition, the grades of blood flow signals were positively correlated with VEGF 

285 expression and the MVD in the MTrP group. The correlation with VEGF was weaker than that 

286 with the MVD. There were three possible factors explaining this weak correlation. First, the 

287 MVD is not only proposed as a standard indicator to determine the number of angiogenesis 

288 events (Magnon et al., 2007) but also to intuitively reflect the morphology and distributive 

289 features of microvessels. Correspondingly, our findings demonstrated that the neovascularization 

290 of MTrPs was increased compared to that in normal muscles; blood vessel formation, expansion 

291 and irregular distribution were also observed in the MTrPs, which obviously differed from the 

292 uniform and regular distribution of blood vessels in controls. Second, VEGF is just one of the 

293 factors that promotes angiogenesis, and other growth factors, such as fibroblast growth factor-2 

294 (FGF-2) and platelet-derived growth factor (PDGF), are also important (Grosman-Rimon ., 2016). 

295 VEGF studies may be relatively more common in the literature than other studies. VEGF 
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296 expression is generally shown to closely correlate with the MVD (Zou et al., 2016; Maria et al., 

297 2005 ). Third, there may be a time interval between VEGF expression in the MTrPs and the 

298 subsequent blood vessel formation detectable by CDFI.

299 This study had some limitations. First, both hypoechoic and hyperechoic regions were imaged in 

300 the present study, and their special structures in the taut bands were not investigated. Second, 

301 although the feasibility of using strain elastography to aid in the identification of MTrPs has been 

302 demonstrated, standardization of the imaging procedure was not further analyzed. Although this 

303 initial work has shown a significant difference between MTrPs and normal controls in terms of 

304 the presence of blood flow signals, there is much room for the improvement of the identification 

305 of MTrPs on US imaging. More research to morphologically visualize MTrPs to determine their 

306 differences from surrounding tissue is needed.

307

308 CONCULSION

309 The present study demonstrates that the levels of HIF-1α and VEGF as well as the MVD were 

310 significantly higher in the MTrP group than those in the normal controls, indicating that these 

311 are affected by muscle ischemia - hypoxia. These findings support that ischemia-hypoxia is 

312 involved in the formation of MTrPs. In addition, it was also shown that the grades of the blood 

313 flow signals were positively correlated with the expression of VEGF and the MVD in the MTrP 

314 group, suggesting that CDFI is able to detect the features of angiogenesis in or surrounding 

315 MTrPs by assessing the signals of blood flow.

316
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Figure 1
Description of different grades of blood flow signals in the MTrPs on color Doppler flow
imaging

(A) grade 0, no blood flow signals; (B) grade I, one or two dot-like blood flow signals; (C)
grade II, three dot-like or thin and short blood flow signals; (D) grade III, one or more large
and long blood flow signals.
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Figure 2
Description of different grades of blood flow signals in the MTrPs on color Doppler flow
imaging

（A）grade 0, no blood flow signals; （B）grade I, one or two dot-like blood flow signals;
（C）grade II, three dot-like or thin and short blood flow signals; （D）grade III, one or more
large and long blood flow signals.
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Figure 3
Description of different grades of blood flow signals in the MTrPs on color Doppler flow
imaging

(A) grade 0, no blood flow signals; (B) grade I, one or two dot-like blood flow signals; (C)
grade II, three dot-like or thin and short blood flow signals; (D) grade III, one or more large
and long blood flow signals.
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Figure 4
Description of different grades of blood flow signals in the MTrPs on color Doppler flow
imaging

(A) grade 0, no blood flow signals; (B) grade I, one or two dot-like blood flow signals; (C)
grade II, three dot-like or thin and short blood flow signals; (D) grade III, one or more large
and long blood flow signals.
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Figure 5
The screenshot of the sonoelastography modes. Strain elastography detection of a focal
stiff region

(A) and (B) entirely covered in blue or mostly blue with little green compared to the adjacent
normal muscle tissue.
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Figure 6
The screenshot of the sonoelastography modes. Strain elastography detection of a focal
stiff region

(A) and (B) entirely covered in blue or mostly blue with little green compared to the adjacent
normal muscle tissue.
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Figure 7
Electromyography (EMG) recordings from two groups

(A) muscle fibres from MTrPs presenting with spontaneous electrical activities; (B) muscle
fibres from normal controls showing no EMG activity.
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Figure 8
Electromyography (EMG) recordings from two groups

(A) muscle fibres from MTrPs presenting with spontaneous electrical activities; (B) muscle
fibres from normal controls showing no EMG activity.
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Figure 9
Microscopic views of muscle fibers from two groups of rats with HE staining (400×)

The histological changes of MTrPs are depicted in (A) (cross-section) and (B)(longitudinal
section), which show that muscle fibers became thinner at both ends and swelled in the
middle to show the contraction nodules in longitudinal section along with local muscle fiber
gap widening. The histologically normal muscle fibers are similarly shown in (C) and (D),
which reveal that the size and shape of muscle fibers are uniform.
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Figure 10
Microscopic views of muscle fibers from two groups of rats with HE staining (400×)

The histological changes of MTrPs are depicted in (A) (cross-section) and (B) (longitudinal
section), which show that muscle fibers became thinner at both ends and swelled in the
middle to show the contraction nodules in longitudinal section along with local muscle fiber
gap widening. The histologically normal muscle fibers are similarly shown in (C) and (D),
which reveal that the size and shape of muscle fibers are uniform.
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Figure 11
Microscopic views of muscle fibers from two groups of rats with HE staining (400×)

The histological changes of MTrPs are depicted in (A) (cross-section) and (B) (longitudinal
section), which show that muscle fibers became thinner at both ends and swelled in the
middle to show the contraction nodules in longitudinal section along with local muscle fiber
gap widening. The histologically normal muscle fibers are similarly shown in (C) and (D),
which reveal that the size and shape of muscle fibers are uniform.
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Figure 12
Microscopic views of muscle fibers from two groups of rats with HE staining (400×)

The histological changes of MTrPs are depicted in (A) (cross-section) and (B) (longitudinal
section), which show that muscle fibers became thinner at both ends and swelled in the
middle to show the contraction nodules in longitudinal section along with local muscle fiber
gap widening. The histologically normal muscle fibers are similarly shown in (C) and (D),
which reveal that the size and shape of muscle fibers are uniform.
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Figure 13
Comparison of the MVD in rat muscle fibers between the MTrP rats and normal controls

(A) and (B), Expression of CD31 detected by IHC in rats from the control group and the MTrP
group, respectively. (C)，Comparison of the MVD in rat muscle fibers from the two groups; *,
P< 0.001.
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Figure 14
Comparison of the MVD in rat muscle fibers between the MTrP rats and normal controls

(A) and (B), Expression of CD31 detected by IHC in rats from the control group and the MTrP
group, respectively. (C)，Comparison of the MVD in rat muscle fibers from the two groups; *,
P< 0.001.
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Figure 15
Comparison of the MVD in rat muscle fibers between the MTrP rats and normal controls

(A) and (B), Expression of CD31 detected by IHC in rats from the control group and the MTrP
group, respectively. (C)，Comparison of the MVD in rat muscle fibers from the two groups; *,
P< 0.001.

PeerJ reviewing PDF | (2020:06:49923:0:1:NEW 19 Jun 2020)

Manuscript to be reviewed



PeerJ reviewing PDF | (2020:06:49923:0:1:NEW 19 Jun 2020)

Manuscript to be reviewed



Figure 16
Expression of HIF-1α and VEGF in two groups of rats.

* indicates a significant difference between the MTrPs group and normal control group (P <
.001).
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Table 1(on next page)

Results of blood flow signal grading
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1 Table 1. Results of blood flow signal grading.

Grade Criterion No.(n=14)

0 No blood flow signals 2

I One or two dot-like blood flow signals 5

II Three dot-lik or a thin- and short-like blood flow 

signals

4

III One or more large and longer blood flow signals 3

2
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Table 2(on next page)

Correlation analysis of the parameters in the MTrP group
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1 Table 2. Correlation analysis of the parameters in the MTrP group

Grade of the blood flow signal

Parameters

Correlation coefficient

P

HIF-1a 0.403 0.154

VEGF 0.595 0.025

MVD 0.707 0.005

2
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