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Background: Myofascial trigger points (MTrPs) are defined as very small and hypersensi-
tive points in skeletal muscle that are palpable, and produce localized pain on compression. 
The aim of this study was to explore the feasibility of combining T2 mapping with diffusion 
tensor imaging (DTI) for assessing MTrPs in a rat model and to investigate properties of the 
pathophysiological mechanisms.
Methods: Twenty-four Sprague-Dawley rats (model group, n = 14; control group, n = 10) 
underwent a magnetic resonance imaging (MRI) examination on a 3 T-MRI-scanner with 
a protocol consisting of T2 mapping and DTI. The MTrPs were established by blunt strike in 
combination with eccentric exercise. Enzyme-linked immunosorbent assays (ELISAs) were 
used to detect the levels of interleukin-1ß (IL-1ß) and interleukin-2 (IL-2) and their results 
were correlated with T2 values. Parameters from MRI including T2 values, fractional 
anisotropy (FA), axial diffusivity (AD), mean diffusivity (MD), and radial diffusivity (RD) 
were compared between the two groups. Histological analysis was applied to provide an 
additional supply for MRI findings.
Results: The MTrPs of rats displayed significantly increased T2 values and FA (= 0.000) 
compared with normal controls, whereas MD and RD values were significantly lower (P= 
0.031, = 0.000, respectively). There was no statistically significant difference in AD between the 
two groups (P= 0.400). These differences were accompanied by elevated levels of IL-1ß and 
interleukin-2 IL-2 in the MTrP group compared with controls. T2 values were positively correlated 
with elevated IL-1ß levels (r = 0.543, P < 0.05) but were not correlated with IL-2 levels (P > 0.05).
Conclusion: Combining T2 and DTI sequences creates a sensitive tool to assess MTrPs in 
a rat model. These data clarify a hypothesis that a trigger point is a chronic and mild muscle 
injury with inflammation.
Keywords: magnetic resonance imaging, gastrocnemius muscle, myofascial pain syndrome, 
diagnosis, inflammatory cytokines

Introduction
Myofascial trigger points (MTrPs) are a commonly occurring clinical problem and 
defined as very small and hypersensitive points in skeletal muscle that are palpable, 
produce localised pain on compression and which can evoke referred pain.1–3 

MTrPs are the main characteristics of myofascial pain syndrome (MPS), recognised 
as a very common cause of pain and dysfunction in various parts of the body, 
including neck, shoulder, spine and pelvis.3–5

The pathogenesis of MTrPs is still not consistent and the diagnostic criteria are 
not objective enough. Palpation of the affected muscles has for decades represented 
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the key process for identifying MTrPs during the diagnos-
tic process.6 This method is proven to be poorly reprodu-
cible and lacking objectivity when medical staff blindly 
examine different patient groups. Attempts to visualize 
and locate these points specifically via imaging modality 
and make a reliable diagnosis is essential to guide treat-
ment of MPS. Different modalities in ultrasound (US) 
imaging have been applied to visualize MTrPs.7 

However, they remain problematic and are generally con-
troversial. Two-dimensional ultrasound imaging has diffi-
culty in distinguishing MTrPs from surrounding normal 
muscles due to lack of adequate gray-scale comparison in 
the region of clinically detectable MTrPs.8 Nevertheless, 
combinations of US or elastography were demonstrated to 
successfully diagnose MTrPs appearing as a stiff and 
hypoechoic region during US examinations.9–11 To date, 
US has not found a standardized routine procedure and 
is still under study.

Recently, different magnetic resonance imaging (MRI) 
techniques have been undertaken to evaluate MTrPs in 
skeletal muscle. Chen et al. used magnetic resonance elas-
tography to examine 65 patients with myofascial pain- 
associated taut bands and found that the agreement 
between clinicians and magnetic resonance elastography 
was relatively poor.12 In addition, T2 mapping, namely T2 
relaxation time, used to quantify T2 values for identifica-
tion of MTrPs demonstrated a statistically significant dif-
ference when comparing the T2 values of the trapezius 
muscles to the area of MTrPs.13 The T2 hyperintensities 
observed were thought to be associated with edematous 
changes. However, the distinct nature of edematous 
changes was not well elucidated.13 Diffusion tensor ima-
ging (DTI) is an emerging MRI-based technique for eval-
uating the structural characterization of anisotropic muscle 
tissues by assessing the degree and the directionality of 
water diffusion in tissue.14,15 It is considered a sensitive 
tool to assess changes in tissue microstructure and simul-
taneously provide information about the quantification and 
visualization of macroscopic muscle architecture.16 DTI 
parameters such as FA, MD, RD and eigenvalues (λ1, 
λ2, and λ3) have been successfully used to evaluate the 
structural effects of exercise injury, denervation, ischemia, 
gender, and inflammation within the skeletal muscle.17–20 

However, the changes in the microstructure of MTrPs 
evaluated by DTI indexes have not yet been reported.

Previous studies have detected elevated levels of inflam-
matory cytokines in the vicinity of active MTrPs including 
interleukin-1ß (IL-1ß), IL-6, IL-8, and TNF-a.21 It was 

proposed that MTrPs may represent an ischemia-induced 
inflammatory microenvironment.22,23 MRI-based measure-
ments of cerebral edema, synovitis and tendinopathy have 
been suggested to correlate with inflammatory cytokines in 
previous findings.24–26 Taking a lead from the above- 
mentioned studies, we hypothesize that the active MTrPs 
should generate changes on DTI indices and T2 values, 
which may reflect an inflammatory process at the level of 
MTrPs.

Therefore, the aims of the present study were to 
explore the feasibility of T2 and DTI sequences for asses-
sing MTrPs in a rat model, and attempt to investigate the 
properties of the pathophysiological mechanisms of 
MTrPs by combining MRI findings with histological ana-
lysis as well as levels of inflammatory cytokines.

Materials and Methods
Animal Care
Data were collected as previously described by Fangyan 
Jiang.23 Since this study requires post-mortem elements at 
high cost, all efforts were made to minimize the number of 
animals sacrificed based on common sense to choose 
a suitable sample size. A total of 25 male Sprague- 
Dawley rats weighing 200–220g were obtained from the 
Animal Experiment Center of Guangxi Medical University 
(Nanning, China) and were 7 weeks old at the start of 
experiments. They were housed in a constant 12 h/12 
h light/dark cycle at a controllable temperature of 22–24° 
C and 42% humidity, with food and water freely available. 
This study was conducted in accordance with the guide for 
the Care and Use of Laboratory Animals recommended by 
the National Research Council (US) Committee27 and the 
Animal Ethics Committee of Guangxi Medical University 
approved this study (Approval No. 201904013).

Animal Model of MTrPs
All enrolled rats were randomly divided into two groups: 
one normal control group (n = 10) and one model group (n = 
15). In the model group, the MTrPs was established by blunt 
striking injury on the right gastrocnemius muscle in combi-
nation with eccentric exercise for 8 weeks.28 Rats were 
anesthetized by injection of 30 mg/kg pentobarbital sodium 
into abdominal cavity every Saturday and then fixed on 
a board, followed by blunt striking injury. With a kinetic 
energy of 2.352J, a 1200g stick was dropped freely from 
a height of 20cm to blunt the site of right proximal gastro-
cnemius marked on the skin. On the next Sunday, all injured 
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rats accomplished 90 min eccentric exercise with speed of 
16 m/min on a treadmill (SA101B, Jiangsu Saiangsi 
Biological Technology Co., Ltd, Nanjing, China) at a 16° 
downward angle (Figure 1). Subsequently, the rats were 
permitted to rest for the remaining 5 days a week without 
any intervention. All rats in the model group were treated in 
this way for 8 weeks and rested for 4 weeks. Hence, the 
process of MTrPs modeling was accomplished. Control rats 
received no intervention during this period.

Identification of MTrPs with EMG
MTrPs were determined by the presence of a taut band 
(TB), a local twitch response of muscle when adequately 
stimulated, and spontaneous electrical activity (SEA) by 
electromyography (EMG).28 Specifically, the injured right 
gastrocnemius muscle in each rat was completely exposed. 
The taut band was palpated and marked on the skin. Then, 
all rats were examined to assess a local twitch response 
and SEA by an electrode from an NTS-2000 instrument 
(Nuocheng Medical Co., Ltd, Shanghai).

Magnetic Resonance Imaging
All subjects underwent an MRI examination on a 3 
T-MRI-scanner (Magnetom Prisma, Siemens 
Healthineers, Erlangen, Germany). The rats were placed 

into a 16 channel transmit/receive animal phased array 
coil, in prone position, under general anesthesia obtained 
with intraperitoneal injection of 30 mg/kg pentobarbital 
sodium. The image stack was centered at the proximal 
gastrocnemius level. After imaging localizers, MRI proto-
col including T2 mapping and DTI sequences were 
acquired according to the acquisition parameters listed in 
Table 1. During the examination, a blanket covered the rats 
to maintain a stable body temperature. 

MR Imaging Analysis
Post-processing of MRI images was performed with 
Siemens Syngo Multimodality Workplace (MMWP) MRI 
workstation-ve40c. To extract DTI parameters RD, AD, 
MD and FA, as well as T2 values, the proximal gastro-
cnemius in the image was targeted for measurement. 
A region of interest (ROI) was manually drawn to cover 
the cross-sectional area of muscle injury, avoiding areas of 
bone, vascular, fatty or skin areas on matched anatomical 
images. Three ROIs were identified from three sequential 
segments to acquire the average values. The same ROIs 
were applied on the controls to measure the indices. Two 
radiologists with 7 and 13 years of experience in MR 
imaging in blinded conditions analyzed the data in con-
sensus after each MR examination.

Figure 1 A picture of the rats in eccentric exercise.
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Histological Analysis
After the MRI examination, muscle tissues were acquired 
from marked sites in two groups and fixed in 4% paraf-
ormaldehyde for 24 h. Next, the slices were dehydrated 
with ethanol in different concentrations (70%, 80%, 90%, 
95%, 100% ethanol, respectively). After paraffin embed-
ding, sections were sliced to 5μm and dried for hematox-
ylin and eosin (H&E) staining. In the process of H&E 
staining, at room temperature, the sections were stained 
with hematoxylin for 20 min and then eosin for 1 min. The 
histological images were captured using a BX43 light 
microscope (Olympus Corporation) at 400× magnification.

Enzyme-Linked Immunosorbent Assay 
(ELISA Assay)
The muscle tissue samples (including area of MTrPs and 
normal control tissue) were homogenized to extract pro-
tein in order to increase the sensitivity of the test. The 
tissues were cut, weighed, and stored in a −80°C freezer 
until homogenization and analysis. 1 g of tissue was rinsed 
and homogenized in buffer (pH 7.4) and stored overnight 
at −20°C. The tissue was completely dissolved after two 
freeze-thaw cycles and centrifuged. The supernatant was 
obtained and examined immediately. IL-1ß and IL-2 pro-
tein levels were detected with enzyme-linked immunosor-
bent assay (ELISA) kits according to the manufacturer’s 
instructions (Cusabio Biotech Co., Ltd, Wuhan, China).

Statistical Analysis
All statistical analyses were calculated using SPSS software 
(version 22.0, SPSS Inc., Chicago, IL, USA). The Shapiro– 
Wilk test and Levene’s test were employed to evaluate the 

normality and homoscedasticity of continuous data, respec-
tively. The continuous data were shown with mean ± stan-
dard deviation. The levels of inflammatory cytokines and 
MRI parameters were compared between the MTrP group 
and normal controls using independent-sample t tests sepa-
rately. In the MTrP group, the correlation between T2 
values and levels of cytokines was determined by 
Pearson’s correlation coefficient (r). A P value of 0.05 
was accepted as the threshold for statistical significance in 
all tests.

Results
During the process of modeling, one rat died unexpectedly 
due to anesthetic complications. Therefore, 24 rats were 
enrolled in the present study (model group: n = 14, normal 
group: n = 10).

Electromyography Analysis
In all rats of the model group, the taut bands were identi-
fied as a palpable nodule during physical examination 
within the right gastrocnemius. Local twitch response 
and SEA were observed in experimental rats when the 
EMG electrode was inserted into the taut band. These 
findings supported the presence of a myofascial trigger 
point at the site of right gastrocnemius injury. However, 
no MTrPs were found in the control group of rats 
(Figure 2).

MRI Findings
A total of 24 rats underwent MRI examination. Compared 
with normal controls, all experimental rats showed T2 
hyperintensities in the right proximal gastrocnemius on 
T2-WI MRI scanning (Figure 3A). The FA and T2 values 

Table 1 Specific Parameters of Acquisition Sequence of MR Protocol

Sequence T2-DIXON T2-Mapping DTI

Sequence Turbo spin echo Multi echo spin echo Spin echo-EP
Repetition time (ms) 5490 2000 3100

Echo time (ms) 100 16.1/32.2/48.3/64.4/80.5 57

Flip angle (degrees) 150 180 180
FOV (mm*mm) 80×80 80×80 80×80

Slices 26 26 26

Slice thickness (mm) 1.0 1.0 1.0
Slice gap (mm) 0 0 0

b-values (number of directions) (s/mm2) / / b1(20) = 0; b2(20) = 600
Fat suppression Fat sat. (mode: strong) None Fat sat. (mode: strong)

SENSE/Partial Fourier Off 4/8 5/8

Acquisition time (min:s) 5:03 4:36 4:55
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were significantly higher in the MTrP group versus con-
trols (P = 0.000), whereas MD and RD values were sig-
nificantly lower (P = 0.007, P = 0.000, respectively) 
(Figure 3B). There was no statistically significant differ-
ence in AD values between the two groups (P = 0.475). 
Quantitative changes are summarized in Figure 3. 
A representative picture of 3D fiber tractography 
is shown in Figure 4, which was used to visualize contin-
uous changes in the gastrocnemius. The continuity of 
muscle fibers in injury groups was intact macroscopically.

Histopathological Features
As expected, in the control group, the muscle fibres 
were uniform in terms of sizes, regular polygon and 
gap size in cross-section. The myofibrils in muscle 

cells were evenly stained. In the MTrP group, the 
involved muscle fibers were thinner at both ends and 
swelled in the middle in longitudinal-section, accompa-
nied by partial fibers distortion. The different sizes of 
round or oval muscle fibres were gathered in cross- 
section within one field of view. Large round nodes 
were considered to be the contracture nodules, while 
small ones were the distal or caudal of contracture 
fibers. In addition, the muscle-fiber space and the mus-
cle-bundle space were both irregularly widened along 
with the infiltration of mononuclear cells. However, the 
microstructures of these fibers remained intact and did 
not present with fat infiltration. The observed muscle 
cells presented with 2–3 peripheral nuclei in cross- 
section, without central nucleus (Figure 5).

Figure 2 Electromyography recordings of the two groups. (A) Spontaneous electrical activities of muscle fibers were detected in the MTrP group. (B) No EMG activity of 
muscle fibers were shown in the control group. 
Abbreviation: EMG, electromyography.

Figure 3 Changes of the T2 values, FA, MD, RD and AD values in the MTrP group and control group. Horizontal lines indicate the average with standard deviation (SD). The 
values of (A) T2, (B) FA were significantly higher in the MTrP group than control group. The values of (C) MD, (D) RD were lower in the MTrP group compared with normal 
controls. There were no statistically significant differences in (E) AD between the two groups. 
Abbreviations: FA, fractional anisotropy; MD, mean diffusivity; RD, radial diffusivity; AD, axial diffusivity.
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Expression of IL-1ß and IL-2 in the Two 
Groups
Protein levels of cytokines were examined in muscle tissue 
homogenates. As displayed in Figure 6, the levels of the 
cytokines IL-1ß and IL-2 were significantly higher in the 
MTrP group than normal controls (P < 0.05). These results 
were consistent with previous findings.21

Analysis of Correlation Between the 
Levels of IL-1ß, IL-2 and T2 Values in the 
MTrP Group
The correlations in the MTrP group between T2 values and 
levels of cytokines are presented in Figure 7. T2 values was 
positively correlated with elevated IL-1ß levels (r = 0.606; 
P = 0.022), but was not correlated with IL-2 levels (P > 0.05).

Discussion
We conducted a prospective case-control study by per-
forming a multi-parametric MRI protocol to investigate 
the potential changes in a MTrPs rat model and correlate 
the T2 values with levels of inflammatory cytokines. The 
main findings of this study were observations of both 
microstructural and biochemical milieu alterations in the 
model group. T2 values were positively associated with 
IL-1ß levels, but not with IL-2 levels. The distinct proper-
ties of MRI findings in combination with histological 
analysis further elucidate the nature of the pathophysiolo-
gical mechanisms and the onset of MTrPs.

One of our main findings was that statistically signifi-
cant differences in MRI T2 values between the MTrPs and 
control subjects were identified, verifying the utility of T2 
values as a marker of MTrPs. Elevated T2 values in 

Figure 4 Graph of MRI findings including T2 mapping and DTI sequences. (A) The area of defined MTrPs presented with T2 hyperintensities in the T2 Dixon fat-saturated 
axial images (yellow arrow). (B) The T2 values of MTrPs (yellow arrow) in the color-coded T2 maps were higher than normal control. (C) The FA value of MTrPs (yellow 
arrow) was higher versus controls. (D) A representative picture of 3D fiber tractography exhibited the area of MTrPs in the gastrocnemius architecture was intact 
macroscopically. 
Abbreviations: MRI, magnetic resonance imaging; DTI, diffusion tensor imaging; MTrPs, myofascial trigger points; FA, fractional anisotropy.
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MTrPs were reported in a previous study when compared 
with surrounding musculature.13 Nevertheless, the specific 
T2 values increased with a range of 29.8–34.8ms in the 
literature.13 This cannot be directly compared with our 
data mainly due to variations in both subjects and com-
mercially available machines. We did not expect the same 
changes in T2 values. Although the T2 hyperintensities 
observed was explained to be related to edemain the pre-
vious study, the nature of the edema is not yet 
elucidated.13 There is a general consensus that all intra-
muscular oedema in conventional MRI images is due to an 
increase in intracellular or extracellular free water.29,30 

The origin of T2 relaxation is generally thought to be 
associated with the spatial separation of water entering 
intracellular and/or extracellular spaces. However, T2 
values alone could not identify these different phases. 
The observed T2 hyperintensity alterations of the MTrPs 

areas in the gastrocnemius could reflect alterations either 
within the muscle fibers or in the extracellular matrix/ 
connective tissue.31 We cannot determine the main origin 
of hyperintensity and also cannot completely exclude other 
potential factors appearing with T2 relaxation times 
lengthening characteristics such as skeletal muscle fat 
infiltration.

Previous studies have demonstrated that T2 values of 
muscles with inflammation or edema are higher than nor-
mal muscles.30,32 This notion was further supported in the 
present study by the observed linear correlation between 
T2 values and IL-1ß levels together with the infiltration of 
mononuclear cells in the intercellular space around muscle 
fibers on histological analysis. Moreover, we also con-
firmed that the levels of IL-2 were increased in the 
MTrPs compare with normal subjects, but there was no 
significant correlation with T2 values. Currently, there 

Figure 5 Representative HE staining sections of gastrocnemius from the two groups (400× amplification). (A and B) show histological changes from the MTrPs in the cross- 
sectional and longitudinal-section, respectively. White arrows indicate locally swollen muscle fibers. Black arrows indicate locally thinner muscle fibers. Blue arrows indicate 
the infiltration of mononuclear cells in the muscle bundle space. (C and D) show the muscle fibers from normal controls were uniform in terms of sizes, regular polygon and 
gap size both in cross-section and longitudinal-section.
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have been no studies to assess the concentrations of IL-2 
biomarker in the MTrPs. This may be related to the com-
plex role of IL−2 in the inflammatory responses. Unlike 
analysis of levels of other inflammatory mediators, i.e. IL- 
1ß, IL-6, IL-8 and TNF-α, in MTrPs areas,21 assessment of 
the effect of IL-2 levels in inflammatory responses is 
difficult. The role of IL-2 in the inflammatory process 
involves pro- and anti-inflammatory effects by inducing 
the proliferation, survival and cytokine production of 

T cells, whose balance contributes to a controlled inflam-
matory response.33 Therefore, these findings have been 
proposed to confirm an actual link between chronic inflam-
mation and higher T2 values in the MTrPs. However, 
inflammation may always coexist with edema in the pro-
gression of myopathy.

To verify in better detail changes of the specific micro-
structure and pathophysiology in the MTrPs, DTI was 
applied to provide supplementary valuable muscle damage 

Figure 6 Expression of IL-1ß and IL-2 in the two groups. The levels of (A) IL-1ß, and (B) IL-2 were significantly higher in the MTrP group than control group (P < 0.001).

Figure 7 Graph represents correlation between T2 values and levels of inflammatory cytokines in the MTrP group. Each dot represents one rat. (A) A significant positive 
correlation was observed between the T2 values and the level of IL-1ß (P < 0.05). (B) There was no significant correlation between T2 values and levels of IL-2 (P > 0.05). 
Abbreviations: IL-1ß, interleukin-1ß; IL-2, interleukin-2.
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information based on T2 mapping. DTI is a powerful tool 
for quantification and visualization of subtle changes in the 
muscle architecture due to muscle pathological or physio-
logical processes.17–20 FA, MD, AD and RA are the main 
quantitative DTI indices to assess the diffusion of water 
molecules in diverse directions in a space.15,34 They are all 
calculated from three eigenvalues (λ1, λ2, and λ3) by their 
corresponding equations.15,35 It is important to understand 
how DTI indices relate with muscle properties to accu-
rately interpret results.

FA is commonly calculated to reflect the degree of 
anisotropic diffusion with a range from 0 to 1, where 0 
represents isotropic diffusion and 1 represents anisotropic 
diffusion.15,35 The fibers of integrity, diameter and density 
have certain influences on the skeletal muscle FA value.36 

Previous studies have indicated that all acute muscle 
damage coincides with an increased diffusivity, which 
shows decreased FA value.35–39 While the chronic phase 
of muscle injury resulting in muscular atrophy 
has significantly higher FA than normal controls.40–42 As 
suggested in the literature, the diffusion of water observed 
in skeletal muscles mainly reflects the diffusion in the 
intracellular space, which may be associated with cell 
diameter and extracellular fluid fraction.35,43 Accordingly, 
it is easy to understand that the muscle fibre swelling and 
the loss of integrity in the acute inflammation phase along 
with widening intracellular space would make diffusion of 
water occur in any direction, resulting in a decrease in FA 
values. Remarkably, our findings that the FA values were 
higher in the MTrPs than normal controls are contrary to 
this notion and are in accordance with characteristics of 
chronic muscle injury. On the other hand, our histological 
analysis revealed some smaller muscle fibers versus 
healthy controls were gathered in cross-section within 
one field of view. The data obtained from histology and 
imaging demonstrated that an increased FA was associated 
with decrease of muscle fiber diameter. Two possible 
factors for contributing to reduction in fiber diameter are 
proposed: one is the atrophy of muscle fibers, another is 
the new muscle fibers which are still immature and char-
acterized by a smaller size compared with healthy tissue. 
The immature muscle fibers are histologically labeled by 
the central nucleus, which were not observed in our histo-
logical analysis. The current study showed each muscle 
fiber in cross-section with 2–3 peripheral nuclei gathered 
together on the histological images. Hence, we proposed 
that increased FA in the MTrPs may be related to the slight 
atrophy of some muscle fibers. In addition, lower RD and 

MD were observed in the MTrPs, while AD stayed rela-
tively unchanged. These results further strengthened our 
interpretation of FA changes. MD is described as the mean 
value of the direction of diffusion in the tissue. RD is 
determined by the secondary and tertiary eigenvalues and 
positively correlated with the muscle fiber diameter. We 
observed decreases in the MD and RD as well as 
unchanged AD that were likely to be involved in the 
diffusivity restriction perpendicular to the muscle fiber 
direction. Our results were in accordance with previous 
observations.40,41 One likely explanation of this change is 
the reduction of muscle fiber diameter and the expansion 
of extracellular space. These hypothesized changes were 
strongly confirmed by our histopathological specimens. 
These findings corresponded well with reduction of 
the second and third eigenvalues as a marker to indirectly 
indicate cell atrophy.41

Altogether, our findings demonstrate the feasibility of 
measuring T2 values and DTI parameters to identify the 
MTrPs from surrounding healthy muscles in a rat model. 
Changes in diffusion coefficient and T2 values followed 
a markedly different pattern and they provided non- 
overlapping and valuable information during the process 
of musculopathy. Multi-parameter MRI combined with 
histopathological analysis firstly demonstrated that not 
only enlarged contraction nodules but also reduced fibers 
diameter coexisted in the MTrPs skeletal muscle micro-
environment. Interestingly, 3D fiber tractography exhibited 
the gastrocnemius architecture in injury groups was intact 
macroscopically. These results enable clarification of the 
hypothesis that a trigger point is actually a chronic and 
mild muscle injury with inflammation, which may be 
accompanied by the process of muscle injury and repair.

There were certain limitations in the current study. 
Firstly, though the muscle injury model used in the current 
study has been applied in several studies to investigate 
MTrPs, to our knowledge, there are currently no published 
human (in vivo) studies on histological analysis of MTrPs 
in the available literature. The rat model may not ade-
quately reproduce the natural disease course of human 
MTrPs in vivo. In this regard, it is not clear to what extent 
this rat model will extrapolate to MTrPs in humans. 
Secondly, the time-course analysis was not scheduled in 
the current study as it was a case-control study. The pre-
sence of MTrPs is a controversial and little-understood 
subject. The pathogenesis to induce the onset and main-
tenance of MTrPs is still not completely understood. 
Detecting the initiation of MTrPs in a controlled setting 
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is very difficult. A proper time-course analysis may be 
helpful to clarify the pathophysiological mechanisms of 
MTrPs. Further studies are required to research. Lastly, 
DTI image itself has technical challenges. Although the 
muscle images have been created with special software to 
minimize eddy current induced image distortion in this 
study, the anatomical structure in the DTI image may 
still not be completely consistent with T2. Positioning 
ROI with vendor supplied software using T2 image as 
a reference to obtain DTI indices may have some inevita-
ble errors. However, variation of parameters from these 
errors has little influence on the results.

Conclusion
Overall, we have already suggested that combining T2 and 
DTI sequences creates a sensitive tool to assess the MTrPs 
in a rat model. This study manifests that DTI can provide 
supplementary valuable information based on existing MR 
protocols that have focused on T2 values and fat fraction. 
We reveal the distinct properties of skeletal muscle micro-
environment in MTrPs by combining DTI indices with 
histological images, which have not been reported before. 
These findings clarify the hypothesis that a trigger point is 
actually a chronic and mild muscle injury with 
inflammation.

Data Accessibility
All datasets from this study are available from the corre-
sponding author upon reasonable request.
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