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Myofascial pain, presented as myofascial trigger points (MTrPs)-related pain, is a
common, chronic disease involving skeletal muscle, but its underlying mechanisms have
been poorly understood. Previous studies have revealed that chronic pain can induce
microstructural abnormalities in the cerebral gray matter. However, it remains unclear
whether the brain gray matters of patients with chronic MTrPs-related pain undergo
alteration. In this study, we employed the Diffusion Kurtosis Imaging (DKI) technique,
which is particularly sensitive to brain microstructural perturbation, to monitor the MTrPs-
related microstructural alterations in brain gray matter of patients with chronic pain.
Our results revealed that, in comparison with the healthy controls, patients with chronic
myofascial pain exhibited microstructural abnormalities in the cerebral gray matter and
these lesions were mainly distributed in the limbic system and the brain areas involved
in the pain matrix. In addition, we showed that microstructural abnormalities in the right
anterior cingulate cortex (ACC) and medial prefrontal cortex (mPFC) had a significant
negative correlation with the course of disease and pain intensity. The results of this
study demonstrated for the first time that there are microstructural abnormalities in the
brain gray matter of patients with MTrPs-related chronic pain. Our findings may provide
new insights into the future development of appropriate therapeutic strategies to this
disease.

Keywords: myofascial trigger points, chronic pain, gray matter, microstructural abnormalities, diffusion kurtosis
imaging

BACKGROUND

Myofascial pain syndrome is a common type of chronic pain involving the skeletal muscles and is
characterized by the presence of myofascial trigger points (MTrPs). MTrPs are clinically defined as
highly localized and cord-shaped sensitive areas in the skeletal muscle that have tension and can
be palpated. Stretching, pressing, or contraction of the skeletal muscles may trigger characteristic
pain, which is often accompanied by referred pain. MTrPs can be classified into active MTrPs
and latent MTrPs. Active MTrPs induce spontaneous pain or motion-induced reactive pain, while
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latent MTrPs induce pain or discomfort only when pressed
(Simons, 2008; Xie et al., 2015). As an illness, MTrPs-related
myofascial pain has a prevalence of 21–30% in the general
population (Borg-Stein and Iaccarino, 2014). In the United States,
over 44 million individuals have developed this disease and
collectively require 47 billion dollars in medical expenditures
every year (Wheeler, 2004).

Currently, clinical treatment for patients with myofascial pain
is usually performed at the site of the MTrPs. However, pain often
relapses after treatment targeting MTrPs, and it is difficult to
treat completely (Graboski et al., 2005; Cummings and Baldry,
2007; Park et al., 2012). Substantial effort has been dedicated
to understanding the pathophysiology of MTrPs, and different
theories have been proposed, including the integrated hypothesis
(Vázquez-Delgado et al., 2009; Bron and Dommertholt, 2012),
the central sensitization theory (Mense, 1994; Xu et al., 2010),
and the myoelectrical theory (Ge et al., 2006; Huang et al.,
2013). However, whether MTrPs are a peripheral or central
phenomenon remains controversial (Fernández-de-las-Peñas
and Dommerholt, 2014). Current etiological studies on MTrPs
almost exclusively focus on the peripheral pathogenesis route;
thus, the brain microstructural alterations in patients with
MTrPs-related chronic pain remain unclear.

Previous studies have indicated that chronic pain can induce
volume changes in the brain (May, 2008; Kregel et al., 2015; de
Kruijf et al., 2016). The brain gray matter is closely associated
with the body’s pain perception (Cauda et al., 2014; Emerson
et al., 2014). A large body of evidence indicated that the gray
matter might exhibit abnormalities under chronic pain status,
such as trigeminal neuralgia (Obermann et al., 2013; Li et al.,
2016), chronic low back pain (Seminowicz et al., 2011; Fritz
et al., 2016), fibromyalgia (Hsu et al., 2009; Robinson et al.,
2011), phantom limb pain (Preissler et al., 2013), cyclic menstrual
pain (Tu et al., 2010), complex regional pain syndrome (Geha
et al., 2008), and migraine (Magon et al., 2015). In addition,
the density and volume changes of gray matter in patients
with chronic pain are also related to clinical traits (Apkarian
et al., 2004; Kuchinad et al., 2007). Thus far, the only study
that provided data in this regard revealed that the gray matter
abnormalities appeared in patients with temporomandibular
disorders combined with masticatory muscle myofascial pain
(Younger et al., 2010). It remains unclear whether the gray matter
abnormalities are caused by masticatory muscle myofascial
pain, by temporomandibular disorders, or by both. More
evidence is needed to clarify whether gray matter microstructures
undergo alterations in patients with MTrPs-related chronic
pain.

Magnetic resonance diffusion imaging technologies, such as
Diffusion Tensor Imaging (DTI) and Diffusion Kurtosis Imaging
(DKI), are developed recently and are capable of performing non-
invasive detection of brain microstructures in vivo (Cheung et al.,
2012; Egger et al., 2016). DKI is a technological extension of
DTI that depicts the non-Gaussian diffusion of water molecules
in tissues (Jensen and Helpern, 2010) and features a relatively
high accuracy to display microstructures comparing to that of
DTI. Therefore, DKI is a well-suited technique to capture changes
within complex biological tissues and is particularly adopted to

reveal the microstructural changes of brain gray matter (Jensen
et al., 2005; Gong et al., 2013, 2014).

In this study, the following hypotheses were tested: (1) the
gray matter of patients with MTrPs-related chronic pain may
undergo microstructural changes; and (2) such microstructural
changes may be associated with the course of the disease and
pain intensity. DKI was employed to monitor the differences of
gray matter microstructures between healthy volunteers and the
patients with MTrPs-related chronic pain. The alterations in the
gray matter were then analyzed in relation to pain intensity, the
course of disease and age.

MATERIALS AND METHODS

This study was approved by Zunyi Medical University and
Xinjiang Medical University, Human Ethics Committees. All
experimental procedures were conducted in accordance with the
Declaration of Helsinki. Prior to the studies, all patients and
healthy controls provided signed, informed consent.

Participants
Thirty seven patients who were treated in the Department of
Pain in our hospital for MTrPs-related chronic neck pain from
January 2015 to December 2015 were recruited for this study.
All subjects were right-handed and aged between 25 and 45 years
old. The inclusion criteria were as follows: (1) the presence of at
least one active MTrPs in the left upper trapezius (Xie et al., 2015;
Barbero et al., 2016); (2) a pain duration longer than 3 months
in the middle and upper trapezius and in the surrounding areas
according to the subject’s self-description; and (3) a score ≥ 5 on
a visual analogue scale (VAS) (0, no pain; 10, the most intense
pain). The diagnosis of MTrPs was conducted by a physician in
the Department of Pain who had over 10 years of experience
in treating myofascial pain syndrome, which was based on the
following signs (Gerwin et al., 1997; Myburgh et al., 2011): (1)
an apparent taut band with easily exited pain spots could be
felt by palpation (hand touching); (2) palpation on pain spots
led to local pain and distant referred pain; (3) the involved
skeletal muscles had a limited range of motion and might display
local muscle twitching upon the quick application of pressure;
and (4) a mental tension or a lack of sleep aggravated by pain.
The exclusion criteria were as follows: radicular pain, cervical
spondylosis, history of rheumatism, history of neurological
disorders, whiplash, dislocation of the shoulder, surgical history
of the trapezius and the cervical spine, temporomandibular
joint disorders, and fibromyalgia. In addition, individuals with
pregnancy, mental retardation, mental or emotional disorders,
had a body mass index greater than or equal to 30, severe systemic
disease, and dysmenorrhea were also excluded. All subjects
were asked to cease taking acetaminophen phenolic drugs and
non-steroidal anti-inflammatory drugs for 3 days prior to the
experiments.

Thirty-six right-handed, age- and gender-matched healthy
volunteers were enrolled from the neighboring communities.
None of the healthy controls had skeletal muscle pain syndrome
or signs of pain in the neck, chest, or upper limbs, or had
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any active or potential MTrPs in the trapezius. The exclusion
criteria of the healthy controls were the same as those of the
aforementioned MTrPs patients.

Image Acquisition
The image acquisition was performed using the Signa 3.0T HDXT
high-field NMR platform (GE, USA) with the standard 8-channel
head coils. Upon scanning, a sponge mat was used to stabilize
the head, and two expansion earplugs were used to shield noise.
All participants received brain scans to exclude any organic
brain diseases. All images were the results of whole-brain sagittal
imaging with the following scanning parameters: TR/TE, 7.8/3;
field of view (FOV), 240 mm × 240 mm; matrix dimension,
256 × 256; T1, 450 ms; bandwidth, 31.25 Hz; number of slices,
146; slice thickness, 1 mm; inter-slice gap, 0 mm; number of
excitations (NEX), 1; and scanning time, 208 s. In addition,
all participants also received neck scanning to exclude cervical
diseases.

Single-shot echo-planar imaging was adopted for DKI
scanning with the following parameters: TR/TE, 10000/99.3 ms;
FOV, 240 mm × 240 mm; matrix dimension, 128 × 128; 3
b-values, 0, 1000, and 2000 s/mm2 (diffusion gradient being
applied in 25 different directions); slice thickness, 4 mm; inter-
slice gap, 35 mm; number of slices, 35; and scanning time, 530 s.
A total of 1820 images were generated for a whole brain.

Except for one subject, who abandoned the scan due to fear
and was therefore excluded from the study, all of the participants
successfully finished the scanning.

Post Processing of Images
First, the original DICOM files were converted into files in the
NIFTI format. The images were corrected using the Eddy Current
Correction tool in FSL (FMRIB Software Library, Oxford, UK),
whereby the artifacts resulting from head movement and gradient
coil eddies were removed. Diffusional Kurtosis Estimator (DKE)
software was then used to evaluate the DKI parameters including
mean kurtosis (MK), axial kurtosis (AK), and radial kurtosis (RK)
(Tabesh et al., 2011). Afterward, a voxel-based analysis (VBA)
was performed using the Statistic Parametric Mapping (SPM8)
software in the MATLAB 2012b operating environment1 to
spatially normalize and smooth the MK, AK, and RK images. The
detailed process was described previously by Sun et al. (2014). In
brief, each b0 image was subjected to standardization using the
standard EPI template. The standardized images were smoothed
using the 6 mm, full-width-at-half-maximum (FWHM) Gaussian
kernel, whereby the corresponding b0 template was obtained.
The b0 template was then employed to standardize all original
b0 images; the standardized data were then written into the MK,
AK, and RK images, which were again smoothed using the 6 mm,
FWHM Gaussian kernel to improve the signal/noise ratio.

To acquire a gray matter mask, the segmentation algorithm
was used in SPM8 software used to divide to the T1 weighted
image of each subject into gray matter, cerebrospinal fluid, and
white matter. Then, the standard Montreal Neurological Institute
space was employed to standardize the partitioned gray matter.

1http://www.mathworks.com

Lastly, the 6 mm, FWHM Gaussian kernel was employed to
perform averaging and smoothing treatments for all gray matter
images. The resulting data were converted into binary masks,
which were subsequently analyzed.

Statistical Analyses
The genders, ages, VAS scores, and pain durations of the MTrPs
subjects and healthy controls were statistically analyzed using
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). Gender was
analyzed using a Chi-square test, whereas the VAS scores, pain
durations, and ages were analyzed using two-sample t-tests.
p < 0.05 was considered statistically significant.

A Voxel-Based Analysis was performed on the SPM8 platform
to process all standardized and smoothed MK, AK, and RK
images. The DKI parameters (MK, AK and RK values) differences
in gray matter between the MTrPs subjects and healthy controls
were compared using a two-sample t-test. For the voxels with
a cluster size above 20, the threshold was set to p < 0.001
for uncorrected voxels, and the voxel-level significance was
corrected for multiple comparisons using a family wise error
(FWE) rate with a threshold of p < 0.05. Those gray matter
areas that exhibited significant differences in the MK, AK, and
PK values between the MTrPs subjects and healthy controls
were identified as masks of regions of interest (ROI). These
masks were then projected onto the standardized and smoothed
images of the 36 MTrPs subjects, whereby the MK, AK, and
RK values of the ROI were estimated. The correlation between
the pain durations, VAS scores and age of the MTrPs subjects
and their MK, AK, and RK values were analyzed using Pearson’s
linear correlation coefficient. In addition, we also analyzed
the correlation between the age and VAS scores, the VAS
scores and pain durations. p < 0.05 was considered statistically
significant.

RESULTS

General Information and Clinical Data of
the Subjects
Table 1 summarizes the general information pertaining to
the participants. In this study, 36 patients with MTrPs-related
chronic pain (14 males, 22 females) and 36 healthy volunteers
(16 males, 20 females) were enrolled. There were no significant
differences in age and gender between the MTrPs subjects

TABLE 1 | Demographic and clinical data of patients with MTrPs subjects
and healthy controls.

Patients (n = 36) HC (n = 36) P-values

Sex (M/F) 14/22 16/20 0.67

Age (years) 44.15 ± 4.57 43.96 ± 4.86 0.91

Location of MTrPs Left upper trapezius muscle – N/A

VAS 6.69 ± 0.92 – N/A

Duration of pain (months) 10.47 ± 5.83 – N/A

MTrPs, myofascial trigger points; HC, healthy controls; M/F, male/female, Data are
expressed as means ± SD.
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TABLE 2 | Brain areas exhibiting significantly lower AK values in MTrPs subjects compared to healthy controls.

Region Peak MNI coordinates Number of cluster voxels Peak T-value

x y z

Right parahippocampal gyrus 22 −42 −13 501 −3.92

Right medial prefrontal cortex 4 64 8 923 −4.01

Left insula −40 11 −5 659 −2.97

Right insula 42 12 1 476 −3.04

Right inferior frontal gyrus 48 16 1 647 −3.56

Right caudate 13 13 13 1021 −3.22

AK, axial kurtosis; MTrPs, myofascial trigger points; MNI, Montreal Neurological Institute.

FIGURE 1 | Brain areas exhibiting significantly lower AK values in MTrPs subjects compared to healthy controls. The blue zone represents the brain
areas with decreased AK values (p < 0.05, correction). The colored stripe on the right represents the T-value. The left side of the figure represents the anatomical
right side, and vice versa. MTrPs, myofascial trigger points; AK, axial kurtosis.

and healthy controls (p > 0.05). The MTrPs lesions in the
subjects were all located in the upper left trapezius, and these
patients’ VAS scores and pain durations were 6.69 ± 0.92 and
10.47 ± 5.83 months respectively.

Comparison of the DKI Parameters
between the MTrPs Subjects and Healthy
Controls
In comparison with the healthy controls, the MTrPs
subjects displayed significantly lower AK values in the right

parahippocampal gyrus (T-value: −3.92), right medial prefrontal
cortex (mPFC, T-value: −4.01), left and right insula (T-value:
−2.97, −3.04, respectively), right inferior frontal gyrus (T-value:
−3.56), and right caudate nucleus (T-value: −3.22). The degrees
of freedom were 70 (Table 2; Figure 1). Significantly lower MK
values were found in the right anterior cingulate cortex (ACC,
T-value: −3.83), right middle temporal gyrus (T-value: −2.36),
the left parahippocampal gyrus (T-value: −3.50), right superior
frontal gyrus (T-value: −3.19), right posterior cingulate cortex
(PCC, T-value: −3.91), and right thalamus (T-value: −3.67).
The degrees of freedom were 70 (Table 3; Figure 2). Significantly

TABLE 3 | Brain areas exhibiting significantly lower MK values in MTrPs subjects compared to healthy controls.

Region Peak MNI coordinates Number of cluster voxels Peak T-value

x y z

Right anterior cingulate cortex 3 43 3 742 −3.83

Right middle temporal gyrus 57 −56 −14 533 −2.36

Left parahippocampal gyrus −32 −19 −14 864 −3.50

Right superior frontal gyrus 3 8 54 395 −3.19

Right posterior cingulate cortex 3 −40 36 809 −3.91

Right thalamus 7 −27 6 971 −3.67

MK, mean kurtosis; MTrPs, myofascial trigger points; MNI: Montreal Neurological Institute.
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FIGURE 2 | Brain areas exhibiting significantly lower MK values in MTrPs subjects compared to healthy controls. The blue zone represents the brain
areas with decreased MK values (p < 0.05, correction). The colored stripe on the right represents the T-value. The left side of the figure represents the anatomical
right side, and vice versa. MTrPs, myofascial trigger points; MK, mean kurtosis.

TABLE 4 | Brain areas exhibiting significantly lower RK values in MTrPs subjects compared to healthy controls.

Region Peak MNI coordinates Number of cluster voxels Peak T-value

x y z

Left lingual gyrus −11 −56 2 1106 −6.29

Right precentral gyrus 58 −21 41 632 −3.97

Left middle temporal gyrus −63 −21 −17 904 −5.09

Left anterior cingulate cortex −4 41 1 1002 −2.82

Right anterior cingulate cortex 4 43 5 365 −3.04

Right precuneus 4 −70 42 421 −2.77

RK, radial kurtosis; MTrPs, myofascial trigger points; MNI: Montreal Neurological Institute.

lower RK values were found in the left lingual gyrus (T-value:
−6.29), right precentral gyrus (T-value: −3.97), left middle
temporal gyrus (T-value: −5.09), left and right ACC (T-value:
−2.82, −3.14, respectively), and right precuneus (T-value:
−2.77). The degrees of freedom were 70 (Table 4; Figure 3).
Nevertheless, no brain area displayed relatively elevated AK, MK
or RK values in the MTrPs subjects.

Correlation between Pain Durations, VAS
Scores, Age and DKI Parameters in the
MTrPs Subjects
To examine whether the microstructural changes in brain gray
matter were associated with pain duration, VAS scores and age
in the MTrPs subjects, those brain areas displaying lower AK,
MK, and RK values were extracted as the ROIs to facilitate the
correlation analysis between pain durations, VAS scores and age.
The results revealed that in the MTrPs subjects, the MK values
in the right ACC displayed significant negative correlations
with the pain durations (Figure 4), whereas the AK values in
the right mPFC and MK values in the right ACC exhibited
significant negative correlations with the VAS scores (Figures 5
and 6). However, the MK, AK and RK values displayed no
significant correlations with the age. In addition, the VAS scores

exhibited no significant correlations with the pain durations,
and the age also was not significantly correlated with VAS
scores.

DISCUSSION

Although the underlying mechanisms of microstructural changes
in the brain gray matter of patients with chronic pain remain
unclear, neuroimaging studies have demonstrated an apparent
reduction in the density or volume of these patients’ gray
matter (Obermann et al., 2013; Wilcox et al., 2015; Fritz
et al., 2016; Krause et al., 2016). One report even showed
that the degree of reduction is compatible with a natural
decline occurring over 10–20 years under normal conditions
(Apkarian et al., 2004). MTrPs-related pain is a common illness
resulting in chronic skeletal muscle pain (Skootsky et al., 1989;
Wheeler, 2004). Though controversial, a common theory argues
that sustained muscle contraction leads to local hypoxia and
energy depletion as well as peripheral and central sensitization,
thereby causing MTrPs-associated pain (Mense, 2004; Bron and
Dommertholt, 2012). In addition, persistent MTrPs may cause
central sensitization as well (Mense, 1994; Kuan et al., 2007; Xu
et al., 2010).
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FIGURE 3 | Brain areas exhibiting significantly lower RK values in MTrPs subjects compared to healthy controls. The blue zone represents the brain
areas with decreased RK values (p < 0.05, correction). The colored stripe on the right represents the T-value. The left side of the figure represents the anatomical
right side, and vice versa. MTrPs, myofascial trigger points; RK, radial kurtosis.

FIGURE 4 | Correlation analysis between the MK value and the course of disease. There was significant negative correlation between the MK value in the
right ACC and course of disease in patients with chronic myofascial pain.

FIGURE 5 | Correlation analysis between the MK value and the VAS score. There was significant negative correlation between the MK value in the right ACC
and the VAS score in patients with chronic myofascial pain.
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FIGURE 6 | Correlation analysis between the AK value and the VAS score. There was significant negative correlation between the AK value in the right mPFC
and the VAS score in patients with chronic myofascial pain.

Microstructural Abnormalities of Gray
Matter
In this study, the DKI approach was employed to elucidate
the gray matter alterations in MTrPs-related pain patients. This
method comprises three basic parameters: MK, RK, and AK
(Tabesh et al., 2011). MK represents the average diffusional
kurtosis in all diffusion directions and reflects the degree of
diffusion restriction of water molecules. AK refers to the kurtosis
in the direction of the diffusion eigenvector with the largest
diffusion eigenvalue and mainly reflects the diffusion information
along axons. RK refers to the average of kurtosis indirections
perpendicular to the eigenvector with the largest eigenvalues
and mainly reflects the diffusion information in the direction
perpendicular to axons. The advantage of MK is that it does not
depend on the spatial locations of tissues; thus, this parameter
can better depict the microstructural changes of gray matter.
Specifically, an increase in the value of MK reflects an increase
of basal dendrites, cell density, synaptic refinement, and reactive
astrogliosis (Hui et al., 2008; Cheung et al., 2009; Zhuo et al.,
2012), whereas a reduced value represents microstructural injury,
including neuronal edema, membrane structural damage, and
myelin injury (Gong et al., 2013; Zhang et al., 2013, 2016).
In addition, decreased RK and AK values reveal the decreased
compactness of myelination and fiber as well as diminished
myelin integrity (Wu and Cheung, 2010). Using this method,
a recent study revealed that patients with chronic postherpetic
neuralgia exhibited microstructural abnormalities in the gray
matter, and these lesions were distributed in the right thalamus,
parahippocampal gyrus, caudate and cerebellum anterior lobe,
left occipital lobe and middle frontal gyrus, bilateral superior
temporal gyrus and insula (Zhang et al., 2016). We observed
that in comparison with the healthy controls, the MTrPs subjects
displayed significantly lower MK values in the right thalamus,
ACC, PCC, superior frontal gyrus, middle temporal gyrus,
and left parahippocampal gyrus; significantly lower AK values
in the right inferior frontal gyrus, medial prefrontal cortex,
parahippocampal gyrus, caudate nucleus, and bilateral insula;
and significantly lower RK values in the left lingual gyrus,

temporal gyrus, right middle frontal gyrus, and bilateral ACC.
The results of this study indicated that in subjects with MTrPs-
related pain, these brain areas may have damaged gray matter
microstructures.

Researchers have used the theory of neuronal plasticity to
explain brain structural abnormalities in patients with chronic
pain diseases (Woolf and Salter, 2000). According to this theory,
peripheral pain stimuli are continuously delivered to the central
nervous system, augmenting cortical excitability and causing
the neurons in the corresponding brain areas to undergo
reconstruction in response to persistent, noxious stimuli. These
events may, in turn, lead to microstructural abnormalities in
patients’ gray matter. Hence, we speculated that the protracted
MTrPs-related pain stimuli, which induced changes in central
plasticity and generated damage, was the potential cause of
microstructural alterations of the gray matter in MTrPs patients.

This study revealed that the brain areas exhibiting decreased
DKI parameters in MTrPs subjects were mainly concentrated in
the limbic system (i.e., cingulate gyrus, parahippocampal gyrus,
insula, and thalamus). The limbic system is closely related to
emotional reactions to pain (Koga et al., 2015). It has been
speculated that myofascial pain might be related to stressful
responses of the body (Gameiro et al., 2006), which facilitates
the generation of local MTrPs and pain by skeletal muscle; in
turn, pain augments the stressful response. Emotional stress
such as anxiety is common in patients with chronic myofascial
pain (Healy et al., 2015). It is currently accepted that functional
disorders in the limbic system may play an important role
in the occurrence and progression of MTrPs and local pain
(Srbely et al., 2010; Shah et al., 2015). The possible underlying
mechanism could involve both the activation of the thalamus
and the preferential activation of the limbic system by pain
signals, which would thereby regulate skeletal muscle pain and
the resulting emotion or mood (Svensson et al., 1997). Our
results, along with those of previous studies and hypotheses,
indicated that the gray matter of the limbic system is prone to
damage in patients with chronic MTrPs-related pain, and that
these abnormalities may be pertinent to patients’ pain perception
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and emotional changes. Moreover, Recent investigations have
indicated that the ACC may be involved in the processes of
pain and emotion (Vogt, 2005) and that other cerebral areas,
such as the hypothalamus and the amygdaloid nucleus, may play
an important role in regulating emotion (Blouin et al., 2013;
Long et al., 2016). However, decreased DKI parameters in the
hypothalamus and the amygdaloid nucleus were not observed
in our experiments. This result is not understood clearly and
remains open to further investigation for better understanding.

Furthermore, event-related functional MR imaging studies
have revealed that pain stimuli can specifically excite some areas
within the cerebrum, including the insula, primary and secondary
sensory cortexes (SI, SII), ACC, frontal cortex, and thalamus
(Mouraux et al., 2011; Garcia-Larrea and Peyron, 2013). These
areas are referred to as the pain matrix. Niddam et al. (2008) also
reported that patients with MTrPs-related pain exhibit elevated
activity in SI, SII, and some forebrain islands. In our study, the
main brain areas that exhibited gray matter abnormalities in
the myofascial pain patients were the ACC, mPFC, insula, and
thalamus. These areas are all situated within the pain matrix,
which is closely associated with pain perception. Our results
revealed that the microstructural alterations in the brain resulting
from chronic myofascial pain are not limited to a single pain
center; instead, these alterations are widely disseminated in the
cerebral cortex.

Correlation Analysis
Protracted pain can cause changes in the brain structure
(Kuchinad et al., 2007; Li et al., 2016), and the underlying
mechanism may be explained by neuronal plasticity (Woolf and
Salter, 2000). Our data revealed that the MK values in the right
ACC were significantly negatively correlated with pain duration
and VAS scores, whereas the AK values in the right mPFC were
significantly negatively correlated with the VAS scores. The ACC
and mPFC are mainly involved in the multifunctional integration
associated with pain, including pain perception and attention,
emotional responses to pain, pain intensity, and anticipation of
pain (Alkire et al., 2004; Ji et al., 2010). It has been reported that in
patients with trigeminal nerve pain, the volume of the gray matter
in the ACC is negatively correlated with the course of the disease
(Obermann et al., 2013); in patients with central post-stroke
pain (CPSP), the volume of the gray matter in the prefrontal
cortex is negatively correlated with pain intensity (Krause et al.,
2016); and in patients with chronic low back pain, the volume of
the gray matter in the prefrontal cortex and AAC is negatively
correlated with pain intensity (Fritz et al., 2016). Here, our data
indicated that the course of the disease and pain intensity play
crucial roles in the microstructural alterations of gray matter in
patients with MTrPs-related chronic pain, and the gray matter
microstructures in the ACC and mPFC are more vulnerable
to these impacts. Recently, some investigators who analyzed
the post-mortem tissue from animals found that the ACC did
participate in regulating pain (Okine et al., 2016). Therefore, in
order to verify whether ACC and mPFC have determinant effects
on the process of myofascial pain, pathologic examinations on the
post-mortem tissue from patients should be conducted in future
study.

Limitations
This study had some limitations. First, we only observed the
microstructural abnormalities of gray matter in patients prior
to treatment, leading to uncertainty regarding how the MTrPs-
related microstructures would evolve after treatment. In other
words, it is unclear whether an effective treatment may reverse
the microstructural alterations in the gray matter observed
in pre-treatment. In addition, it remains unclear whether
the microstructural abnormalities in the gray matter results
from, or resulted in, MTrPs. This point must be investigated
further.

CONCLUSION

Our results revealed that in patients with MTrPs-related chronic
pain, the gray matter displayed microstructural alterations, which
were mainly distributed in the limbic system and the pain
matrix-associated brain areas. In addition, the microstructural
abnormalities of gray matter in the ACC and mPFC displayed
significant negative correlations with the course of the disease
and pain intensity of the patients. Our results indicated that
prompt and effective treatments should be provided to patients
with myofascial pain, thereby preventing the MTrPs-generated
noxious stimuli from entering the nerve center. Thus, we
should take into consideration the mechanism of peripheral and
central sensitization when developing an effective therapeutic
treatment. In other words, when treating patients with pain due
to central sensitization, we should formulate specific treatment
strategies to normalize or alleviate the central sensitization
(Nijs et al., 2010), and to account for the protection of brain
tissue in order to “cure” brain microstructures as much as
possible.

AUTHOR CONTRIBUTIONS

Conceived and designed the experiments: HZ, TY, and PX.
Performed the experiments: PX, BQ, GS, and YZ. Analyzed the
data: PX, BQ, GS, YZ, SC, TZ, JY, JjW, and JW. Wrote the paper:
PX, HZ, and XZ.

FUNDING

This work was supported by the National Natural Science
Foundation (Grant Nos. U1403223 and 31660290) of China.

ACKNOWLEDGMENTS

HZ acknowledges the support of National Natural Science
Foundation of China (Grant Nos. U1403223 and 31660290). The
authors are grateful to TY, Guizhou Key Laboratory of Anesthesia
and Organ Protection, Department of Anesthesiology, Zunyi
Medical University, Zunyi, Guizhou, China, People’s Republic,
who provided technical support to us.

Frontiers in Neuroanatomy | www.frontiersin.org 8 December 2016 | Volume 10 | Article 122

http://www.frontiersin.org/Neuroanatomy/
http://www.frontiersin.org/
http://www.frontiersin.org/Neuroanatomy/archive


fnana-10-00122 December 16, 2016 Time: 12:43 # 9

Xie et al. Chronic Myofascial Pain

REFERENCES
Alkire, M. T., White, N. S., Hsieh, R., and Haier, R. J. (2004). Dissociable brain

activation responses to 5-Hz electrical pain stimulation: a high-field functional
magnetic resonance imaging study. Anesthesiology 100, 939–946. doi: 10.1097/
00000542-200404000-00026

Apkarian, A. V., Sosa, Y., Sonty, S., Levy, R. M., Harden, R. N., Parrish, T. B., et al.
(2004). Chronic back pain is associated with decreased prefrontal and thalamic
gray matter density. J. Neurosci. 24, 10410–10415. doi: 10.1523/JNEUROSCI.
2541-04.2004

Barbero, M., Falla, D., Mafodda, L., Cescon, C., and Gatti, R. (2016). The location
of peak upper trapezius muscle activity during submaximal contractions is not
associated with the location of myofascial trigger points: new insights revealed
by high-density surface EMG. Clin. J. Pain 32, 1044–1052. doi: 10.1097/AJP.
0000000000000373

Blouin, A. M., Fried, I., Wilson, C. L., Staba, R. J., Behnke, E. J., Lam, H. A.,
et al. (2013). Human hypocretin and melanin-concentrating hormone levels are
linked to emotion and social interaction. Nat. Commun. 4:1547. doi: 10.1038/
ncomms2461

Borg-Stein, J., and Iaccarino, M. A. (2014). Myofascial pain syndrome treatments.
Phys. Med. Rehabil. Clin. N. Am. 25, 357–374. doi: 10.1016/j.pmr.2014.01.012

Bron, C., and Dommertholt, J. (2012). Etiology of myofascial trigger points. Curr.
Pain Headache Rep. 16, 439–444. doi: 10.1007/s11916-012-0289-4

Cauda, F., Palermo, S., Costa, T., Torta, R., Duca, S., Vercelli, U., et al. (2014). Gray
matter alterations in chronic pain: a network-oriented meta-analytic approach.
Neuroimage Clin. 4, 676–686. doi: 10.1016/j.nicl.2014.04.007

Cheung, J. S., Wang, E., Lo, E. H., and Sun, P. Z. (2012). Stratification of
heterogeneous diffusion mri ischemic lesion with kurtosis imaging: evaluation
of mean diffusion and kurtosis mri mismatch in an animal model of transient
focal ischemia. Stroke 43, 2252–2254. doi: 10.1161/STROKEAHA.112.661926

Cheung, M. M., Hui, E. S., Chan, K. C., Helpern, J. A., Qi, L., and Wu, E. X. (2009).
Does diffusion kurtosis imaging lead to better neural tissue characterization?
A rodent brain maturation study. Neuroimage 45, 386–392. doi: 10.1016/j.
neuroimage.2008.12.018

Cummings, M., and Baldry, P. (2007). Regional myofascial pain and diagnosis and
management. Best Pract. Res. Clin. Rheumatol. 21, 367–387. doi: 10.1016/j.berh.
2006.12.006

de Kruijf, M., Bos, D., Huygen, F. J., Niessen, W. J., Tiemeier, H., Hofman, A.,
et al. (2016). Structural brain alterations in community dwelling individuals
with chronic joint pain. AJNR Am. J. Neuroradiol. 37, 430–438. doi: 10.3174/
ajnr.A4556

Egger, K., Janz, P., Döbrössy, M. D., Bienert, T., Reisert, M., Obmann, M.,
et al. (2016). Microstructural effects of a neuro-modulating drug evaluated by
diffusion tensor imaging. Neuroimage 127, 1–10. doi: 10.1016/j.neuroimage.
2015.10.091

Emerson, N. M., Zeidan, F., Lobanov, O. V., Hadsel, M. S., Martucci, K. T.,
Quevedo, A. S., et al. (2014). Pain sensitivity is inversely related to regional grey
matter density in the brain. Pain 155, 566–573. doi: 10.1016/j.pain.2013.12.004

Fernández-de-las-Peñas, C., and Dommerholt, J. (2014). Myofascial trigger points:
peripheral or central phenomenon? Curr. Rheumatol. Rep. 16:395. doi: 10.1007/
s11926-013-0395-2

Fritz, H. C., McAuley, J. H., Wittfeld, K., Hegenscheid, K., Schmidt, C. O.,
Langner, S., et al. (2016). Chronic back pain is associated with decreased
prefrontal and anterior insular gray matter: results from a population-based
cohort study. J. Pain 17, 111–118. doi: 10.1016/j.jpain.2015.10.003

Gameiro, G. H., da Silva Andrade, A., Nouer, D. F., and Ferraz de Arruda Veiga,
M. C. (2006). How may stressful experiences contribute to the development of
temporomandibular disorders? Clin. Oral Investig. 10, 261–268. doi: 10.1007/
s00784-006-0064-1

Garcia-Larrea, L., and Peyron, R. (2013). Pain matrices and neuropathic pain
matrices: a review. Pain 154(Suppl. 1), S29–S43. doi: 10.1016/j.pain.2013.09.001

Ge, H. Y., Fernandez-de-las-Penas, C., and Arendt-Nielsen, L. (2006). Sympathetic
facilitation of hyperalgesia evoked from myofascial tender and trigger points
in patients with unilateral shoulder pain. Clin. Neurophysiol. 117, 1545–1550.
doi: 10.1016/j.clinph.2006.03.026

Geha, P. Y., Baliki, M. N., Harden, R. N., Bauer, W. R., Parrish, T. B., and Apkarian,
A. V. (2008). The brain in chronic CRPS pain: abnormal gray-white matter

interactions in emotional and autonomic regions. Neuron 60, 570–581. doi:
10.1016/j.neuron.2008.08.022

Gerwin, R. D., Shannon, S., Hong, C. Z., Hubbard, D., and Gevirtz, R. (1997).
Interrater reliability in myofascial trigger point examination. Pain 69, 65–73.
doi: 10.1016/S0304-3959(96)03248-4

Gong, N. J., Wong, C. S., Chan, C. C., Leung, L. M., and Chu, Y. C. (2013).
Correlations between microstructural alterations and severity of cognitive
deficiency in Alzheimer’s disease and mild cognitive impairment: a diffusional
kurtosis imaging study. Magn. Reson. Imaging 31, 688–694. doi: 10.1016/j.mri.
2012.10.027

Gong, N. J., Wong, C. S., Chan, C. C., Leung, L. M., and Chu, Y. C. (2014). Aging
in deep gray matter and white matter revealed by diffusional kurtosis imaging.
Neurobiol. Aging 35, 2203–2216. doi: 10.1016/j.neurobiolaging.2014.03.011

Graboski, C. L., Gray, D. S., and Burnham, R. S. (2005). Botulinum toxin A
versus bupivacaine trigger point injections for the treatment of myofascial pain
syndrome: a randomized double blind crossover study. Pain 118, 170–175.
doi: 10.1016/j.pain.2005.08.012

Healy, G. M., Finn, D. P., O’Gorman, D. A., Maharaj, C., Raftery, M., Ruane, N.,
et al. (2015). Pretreatment anxiety and pain acceptance are associated with
response to trigger point injection therapy for chronic myofascial pain. Pain
Med. 16, 1955–1966. doi: 10.1111/pme.12781

Hsu, M. C., Harris, R. E., Sundgren, P. C., Welsh, R. C., Fernandes, C. R.,
Clauw, D. J., et al. (2009). No consistent difference in gray matter volume
between individuals with fibromyalgia and age-matched healthy subjects when
controlling for affective disorder. Pain 143, 262–267. doi: 10.1016/j.pain.2009.
03.017

Huang, Q. M., Ye, G., Zhao, Z. Y., Lv, J. J., and Tang, L. (2013). Myoelectrical
activity and muscle morphology in a rat model of myofascial trigger points
induced by blunt trauma to the vastus medialis. Acupunct. Med. 31, 65–73.
doi: 10.1136/acupmed-2012-010129

Hui, E. S., Cheung, M. M., Qi, L., and Wu, E. X. (2008). Towards better MR
characterization of neural tissues using directional diffusion kurtosis analysis.
Neuroimage 42, 122–134. doi: 10.1016/j.neuroimage.2008.04.237

Jensen, J. H., and Helpern, J. A. (2010). MRI quantification of non-Gaussian water
diffusion by kurtosis analysis. NMR Biomed. 23, 698–710. doi: 10.1002/nbm.
1518

Jensen, J. H., Helpern, J. A., Ramani, A., Lu, H., and Kaczynski, K. (2005).
Diffusional kurtosis imaging: the quantification of non-gaussian water diffusion
by means of magnetic resonance imaging. Magn. Reson. Med. 53, 1432–1440.
doi: 10.1002/mrm.20508

Ji, G., Sun, H., Fu, Y., Li, Z., Pais-Vieira, M., Galhardo, V., et al. (2010). Cognitive
impairment in pain through amygdala-driven prefrontal cortical deactivation.
J. Neurosci. 30, 5451–5464. doi: 10.1523/JNEUROSCI.0225-10.2010

Koga, K., Descalzi, G., Chen, T., Ko, H. G., Lu, J., Li, S., et al. (2015). Coexistence of
two forms of LTP in ACC provides a synaptic mechanism for the interactions
between anxiety and chronic pain. Neuron 85, 377–389. doi: 10.1016/j.neuron.
2014.12.021

Krause, T., Asseyer, S., Taskin, B., Flöel, A., Witte, A. V., Mueller, K., et al. (2016).
The cortical signature of central poststroke pain: gray matter decreases in
somatosensory, insular, and prefrontal cortices. Cereb. Cortex 26, 80–88. doi:
10.1093/cercor/bhu177

Kregel, J., Meeus, M., Malfliet, A., Dolphens, M., Danneels, L., Nijs, J., et al.
(2015). Structural and functional brain abnormalities in chronic low back
pain: a systematic review. Semin. Arthritis Rheum. 45, 229–237. doi: 10.1016/
j.semarthrit.2015.05.002

Kuan, T. S., Hong, C. Z., Chen, J. T., Chen, S. M., and Chien, C. H. (2007). The
spinal cord connections of the myofascial trigger spots. Eur. J. Pain 11, 624–634.
doi: 10.1016/j.ejpain.2006.10.001

Kuchinad, A., Schweinhardt, P., Seminowicz, D. A., Wood, P. B., Chizh, B. A.,
and Bushnell, M. C. (2007). Accelerated brain gray matter loss in fibromyalgia
patients: premature aging of the brain? J. Neurosci. 27, 4004–4007. doi: 10.1523/
JNEUROSCI.0098-07.2007

Li, M., Yan, J., Li, S., Wang, T., Zhan, W., Wen, H., et al. (2016). Reduced volume
of gray matter in patients with trigeminal neuralgia. Brain Imaging Behav.
doi: 10.1007/s11682-016-9529-2 [Epub ahead of print].

Long, H., Wang, Y., Jian, F., Liao, L. N., Yang, X., and Lai, W. L. (2016). Current
advances in orthodontic pain. Int. J. Oral Sci. 8, 67–75. doi: 10.1038/ijos.2016.24

Frontiers in Neuroanatomy | www.frontiersin.org 9 December 2016 | Volume 10 | Article 122

https://doi.org/10.1097/00000542-200404000-00026
https://doi.org/10.1097/00000542-200404000-00026
https://doi.org/10.1523/JNEUROSCI.2541-04.2004
https://doi.org/10.1523/JNEUROSCI.2541-04.2004
https://doi.org/10.1097/AJP.0000000000000373
https://doi.org/10.1097/AJP.0000000000000373
https://doi.org/10.1038/ncomms2461
https://doi.org/10.1038/ncomms2461
https://doi.org/10.1016/j.pmr.2014.01.012
https://doi.org/10.1007/s11916-012-0289-4
https://doi.org/10.1016/j.nicl.2014.04.007
https://doi.org/10.1161/STROKEAHA.112.661926
https://doi.org/10.1016/j.neuroimage.2008.12.018
https://doi.org/10.1016/j.neuroimage.2008.12.018
https://doi.org/10.1016/j.berh.2006.12.006
https://doi.org/10.1016/j.berh.2006.12.006
https://doi.org/10.3174/ajnr.A4556
https://doi.org/10.3174/ajnr.A4556
https://doi.org/10.1016/j.neuroimage.2015.10.091
https://doi.org/10.1016/j.neuroimage.2015.10.091
https://doi.org/10.1016/j.pain.2013.12.004
https://doi.org/10.1007/s11926-013-0395-2
https://doi.org/10.1007/s11926-013-0395-2
https://doi.org/10.1016/j.jpain.2015.10.003
https://doi.org/10.1007/s00784-006-0064-1
https://doi.org/10.1007/s00784-006-0064-1
https://doi.org/10.1016/j.pain.2013.09.001
https://doi.org/10.1016/j.clinph.2006.03.026
https://doi.org/10.1016/j.neuron.2008.08.022
https://doi.org/10.1016/j.neuron.2008.08.022
https://doi.org/10.1016/S0304-3959(96)03248-4
https://doi.org/10.1016/j.mri.2012.10.027
https://doi.org/10.1016/j.mri.2012.10.027
https://doi.org/10.1016/j.neurobiolaging.2014.03.011
https://doi.org/10.1016/j.pain.2005.08.012
https://doi.org/10.1111/pme.12781
https://doi.org/10.1016/j.pain.2009.03.017
https://doi.org/10.1016/j.pain.2009.03.017
https://doi.org/10.1136/acupmed-2012-010129
https://doi.org/10.1016/j.neuroimage.2008.04.237
https://doi.org/10.1002/nbm.1518
https://doi.org/10.1002/nbm.1518
https://doi.org/10.1002/mrm.20508
https://doi.org/10.1523/JNEUROSCI.0225-10.2010
https://doi.org/10.1016/j.neuron.2014.12.021
https://doi.org/10.1016/j.neuron.2014.12.021
https://doi.org/10.1093/cercor/bhu177
https://doi.org/10.1093/cercor/bhu177
https://doi.org/10.1016/j.semarthrit.2015.05.002
https://doi.org/10.1016/j.semarthrit.2015.05.002
https://doi.org/10.1016/j.ejpain.2006.10.001
https://doi.org/10.1523/JNEUROSCI.0098-07.2007
https://doi.org/10.1523/JNEUROSCI.0098-07.2007
https://doi.org/10.1007/s11682-016-9529-2
https://doi.org/10.1038/ijos.2016.24
http://www.frontiersin.org/Neuroanatomy/
http://www.frontiersin.org/
http://www.frontiersin.org/Neuroanatomy/archive


fnana-10-00122 December 16, 2016 Time: 12:43 # 10

Xie et al. Chronic Myofascial Pain

Magon, S., May, A., Stankewitz, A., Goadsby, P. J., Tso, A. R., Ashina, M., et al.
(2015). Morphological abnormalities of thalamic subnuclei in migraine: a
multicenter MRI study at 3 tesla. J. Neurosci. 35, 13800–13806. doi: 10.1523/
JNEUROSCI.2154-15.2015

May, A. (2008). Chronic pain may change the structure of the brain. Pain 137, 7–15.
doi: 10.1016/j.pain.2008.02.034

Mense, S. (1994). Referral of muscle pain. APS J. 3, 1–9. doi: 10.1016/S1058-
9139(05)80227-X

Mense, S. (2004). Neurobiological basis for the use of botulinum toxin in pain
therapy. J. Neurol. 251(Suppl. 1), I1–I7. doi: 10.1007/s00415-004-1102-z

Mouraux, A., Diukova, A., Lee, M. C., Wise, R. G., and Iannetti, G. D. (2011).
A multisensory investigation of the functional significance of the “pain matrix”.
Neuroimage 54, 2237–2249. doi: 10.1016/j.neuroimage.2010.09.084

Myburgh, C., Lauridsen, H. H., Larsen, A. H., and Hartvigsen, J. (2011).
Standardized manual palpation of myofascial trigger points in relation to
neck/shoulder pain; the influence of clinical experience on inter-examiner
reproducibility. Man. Ther. 16, 136–140. doi: 10.1016/j.math.2010.08.002

Niddam, D. M., Chan, R. C., Lee, S. H., Yeh, T. C., and Hsieh, J. C. (2008). Central
representation of hyperalgesia from myofascial trigger point. Neuroimage 39,
1299–1306. doi: 10.1016/j.neuroimage.2007.09.051

Nijs, J., Van Houdenhove, B., and Oostendorp, R. A. (2010). Recognition of
central sensitization in patients with musculoskeletal pain: application of pain
neurophysiology in manual therapy practice. Man. Ther. 15, 135–141. doi:
10.1016/j.math.2009.12.001

Obermann, M., Rodriguez-Raecke, R., Naegel, S., Holle, D., Mueller, D., Yoon,
M. S., et al. (2013). Gray matter volume reduction reflects chronic pain in
trigeminal neuralgia. Neuroimage 74, 352–358. doi: 10.1016/j.neuroimage.2013.
02.029

Okine, B. N., Madasu, M. K., McGowan, F., Prendergast, C., Gaspar,
J. C., Harhen, B., et al. (2016). N-palmitoylethanolamide in the anterior
cingulate cortex attenuates inflammatory pain behaviour indirectly via a
CB1 receptor-mediated mechanism. Pain 157, 2687–2696. doi: 10.1097/j.pain.
0000000000000687

Park, C. H., Lee, Y. W., Kim, Y. C., Moon, J. H., and Choi, J. B. (2012). Treatment
experience of pulsed radiofrequency under ultrasound guided to the trapezius
muscle at myofascial pain syndrome -a case report-. Korean J. Pain. 25, 52–54.
doi: 10.3344/kjp.2012.25.1.52

Preissler, S., Feiler, J., Dietrich, C., Hofmann, G. O., Miltner, W. H., and Weiss, T.
(2013). Gray matter changes following limb amputation with high and low
intensities of phantom limb pain. Cereb. Cortex 23, 1038–1048. doi: 10.1093/
cercor/bhs063

Robinson, M. E., Craggs, J. G., Price, D. D., Perlstein, W. M., and Staud, R.
(2011). Gray matter volumes of pain-related brain areas are decreased
in fibromyalgia syndrome. J. Pain 12, 436–443. doi: 10.1016/j.jpain.2010.
10.003

Seminowicz, D. A., Wideman, T. H., Naso, L., Hatami-Khoroushahi, Z., Fallatah, S.,
Ware, M. A., et al. (2011). Effective treatment of chronic low back pain
in humans reverses abnormal brain anatomy and function. J. Neurosci. 31,
7540–7550. doi: 10.1523/JNEUROSCI.5280-10.2011

Shah, J. P., Thaker, N., Heimur, J., Aredo, J. V., Sikdar, S., and Gerber, L. (2015).
Myofascial trigger points then and now: a historical and scientific perspective.
PM R 7, 746–761. doi: 10.1016/j.pmrj.2015.01.024

Simons, D. G. (2008). New views of myofascial trigger points: etiology and
diagnosis. Arch. Phys. Med. Rehabil. 89, 157–159. doi: 10.1016/j.apmr.2007.11.
016

Skootsky, S. A., Jaeger, B., and Oye, R. K. (1989). Prevalence of myofascial pain in
general internal medicine practice. West J. Med. 151, 157–160.

Srbely, J. Z., Dickey, J. P., Bent, L. R., Lee, D., and Lowerison, M. (2010).
Capsaicin-induced central sensitization evokes segmental increases in trigger
point sensitivity in humans. J. Pain 11, 636–643. doi: 10.1016/j.jpain.2009.
10.005

Sun, Y., Sun, J., Zhou, Y., Ding, W., Chen, X., Zhuang, Z., et al. (2014). Assessment
of in vivo microstructure alterations in gray matter using DKI in Internet
gaming addiction. Behav. Brain Funct. 10:37. doi: 10.1186/1744-9081-10-37

Svensson, P., Minoshima, S., Beydoun, A., Morrow, T. J., and Casey, K. L. (1997).
Cerebral processing of acute skin and muscle pain in humans. J. Neurophysiol.
78, 450–460.

Tabesh, A., Jensen, J. H., Ardekani, B. A., and Helpern, J. A. (2011). Estimation
of tensors and tensor-derived measures in diffusional kurtosis imaging. Magn.
Reson. Med. 65, 823–836. doi: 10.1002/mrm.22655

Tu, C. H., Niddam, D. M., Chao, H. T., Chen, L. F., Chen, Y. S., Wu, Y. T., et al.
(2010). Brain morphological changes associated with cyclic menstrual pain.
Pain 150, 462–468. doi: 10.1016/j.pain.2010.05.026

Vázquez-Delgado, E., Cascos-Romero, J., and Gay-Escoda, C. (2009). Myofascial
pain syndrome associated with trigger points: a literature review. (I):
epidemiology, clinical treatment and etiopathogeny. Med. Oral Patol. Oral Cir.
Bucal 14, e494–e498. doi: 10.4317/medoral.14.e494

Vogt, B. A. (2005). Pain and emotion interactions in subregions of the cingulate
gyrus. Nat. Rev. Neurosci. 6, 533–544. doi: 10.1038/nrn1704

Wheeler, A. H. (2004). Myofascial pain disorders: theory to therapy. Drugs 64,
45–62. doi: 10.2165/00003495-200464010-00004

Wilcox, S. L., Gustin, S. M., Macey, P. M., Peck, C. C., Murray, G. M., and
Henderson, L. A. (2015). Anatomical changes within the medullary dorsal
horn in chronic temporomandibular disorder pain. Neuroimage 117, 258–266.
doi: 10.1016/j.neuroimage.2015.05.014

Woolf, C. J., and Salter, M. W. (2000). Neuronal plasticity: increasing the gain in
pain. Science 288, 1765–1769. doi: 10.1126/science.288.5472.1765

Wu, E. X., and Cheung, M. M. (2010). MR diffusion kurtosis imaging for neural
tissue characterization. NMR Biomed. 23, 836–848. doi: 10.1002/nbm.1506

Xie, P., Qin, B., Yang, F., Yu, T., Yu, J., Wang, J., et al. (2015). Lidocaine injection
in the intramuscular innervation zone can effectively treat chronic neck pain
caused by MTrPs in the trapezius muscle. Pain Physician. 18, E815–E826.

Xu, Y. M., Ge, H. Y., and Arendt-Nielsen, L. (2010). Sustained nociceptive
mechanical stimulation of latent myofascial trigger point induces central
sensitization in healthy subjects. J. Pain 11, 1348–1355. doi: 10.1016/j.jpain.
2010.03.010

Younger, J. W., Shen, Y. F., Goddard, G., and Mackey, S. C. (2010). Chronic
myofascial temporomandibular pain is associated with neural abnormalities in
the trigeminal and limbic systems. Pain 149, 222–228. doi: 10.1016/j.pain.2010.
01.006

Zhang, Y., Yan, X., Gao, Y., Xu, D., Wu, J., and Li, Y. (2013). A preliminary study
of epilepsy in children using diffusional kurtosis imaging. Clin. Neuroradiol. 23,
293–300. doi: 10.1007/s00062-013-0212-3

Zhang, Y., Yu, T., Qin, B., Li, Y., Song, G., and Yu, B. (2016). Microstructural
abnormalities in gray matter of patients with postherpetic neuralgia: a
diffusional kurtosis imaging study. Pain Physician 19, E601–E611.

Zhuo, J., Xu, S., Proctor, J. L., Mullins, R. J., Simon, J. Z., Fiskum, G., et al. (2012).
Diffusion kurtosis as an in vivo imaging marker for reactive astrogliosis in
traumatic brain injury. Neuroimage 59, 467–477. doi: 10.1016/j.neuroimage.
2011.07.050

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2016 Xie, Qin, Song, Zhang, Cao, Yu, Wu, Wang, Zhang, Zhang, Yu
and Zheng. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) or licensor are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Neuroanatomy | www.frontiersin.org 10 December 2016 | Volume 10 | Article 122

https://doi.org/10.1523/JNEUROSCI.2154-15.2015
https://doi.org/10.1523/JNEUROSCI.2154-15.2015
https://doi.org/10.1016/j.pain.2008.02.034
https://doi.org/10.1016/S1058-9139(05)80227-X
https://doi.org/10.1016/S1058-9139(05)80227-X
https://doi.org/10.1007/s00415-004-1102-z
https://doi.org/10.1016/j.neuroimage.2010.09.084
https://doi.org/10.1016/j.math.2010.08.002
https://doi.org/10.1016/j.neuroimage.2007.09.051
https://doi.org/10.1016/j.math.2009.12.001
https://doi.org/10.1016/j.math.2009.12.001
https://doi.org/10.1016/j.neuroimage.2013.02.029
https://doi.org/10.1016/j.neuroimage.2013.02.029
https://doi.org/10.1097/j.pain.0000000000000687
https://doi.org/10.1097/j.pain.0000000000000687
https://doi.org/10.3344/kjp.2012.25.1.52
https://doi.org/10.1093/cercor/bhs063
https://doi.org/10.1093/cercor/bhs063
https://doi.org/10.1016/j.jpain.2010.10.003
https://doi.org/10.1016/j.jpain.2010.10.003
https://doi.org/10.1523/JNEUROSCI.5280-10.2011
https://doi.org/10.1016/j.pmrj.2015.01.024
https://doi.org/10.1016/j.apmr.2007.11.016
https://doi.org/10.1016/j.apmr.2007.11.016
https://doi.org/10.1016/j.jpain.2009.10.005
https://doi.org/10.1016/j.jpain.2009.10.005
https://doi.org/10.1186/1744-9081-10-37
https://doi.org/10.1002/mrm.22655
https://doi.org/10.1016/j.pain.2010.05.026
https://doi.org/10.4317/medoral.14.e494
https://doi.org/10.1038/nrn1704
https://doi.org/10.2165/00003495-200464010-00004
https://doi.org/10.1016/j.neuroimage.2015.05.014
https://doi.org/10.1126/science.288.5472.1765
https://doi.org/10.1002/nbm.1506
https://doi.org/10.1016/j.jpain.2010.03.010
https://doi.org/10.1016/j.jpain.2010.03.010
https://doi.org/10.1016/j.pain.2010.01.006
https://doi.org/10.1016/j.pain.2010.01.006
https://doi.org/10.1007/s00062-013-0212-3
https://doi.org/10.1016/j.neuroimage.2011.07.050
https://doi.org/10.1016/j.neuroimage.2011.07.050
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Neuroanatomy/
http://www.frontiersin.org/
http://www.frontiersin.org/Neuroanatomy/archive

	Microstructural Abnormalities Were Found in Brain Gray Matter from Patients with Chronic Myofascial Pain
	Background
	Materials And Methods
	Participants
	Image Acquisition
	Post Processing of Images
	Statistical Analyses

	Results
	General Information and Clinical Data of the Subjects
	Comparison of the DKI Parameters between the MTrPs Subjects and Healthy Controls
	Correlation between Pain Durations, VAS Scores, Age and DKI Parameters in the MTrPs Subjects

	Discussion
	Microstructural Abnormalities of Gray Matter
	Correlation Analysis
	Limitations

	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


