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Abstract

Background: Neck pain is frequent in patients with migraine. Likewise, evidence for inflammatory processes in the
trapezius muscles is accumulating. However, non-invasive and objectively assessable correlates are missing in vivo.
Methods: Twenty-one subjects with episodic migraine (mean age: 24.6 £ 3.1 years, 18 females) and 22 controls (mean
age: 23.0 £2.2 years, |17 females) without any history of headache prospectively underwent physical examination and
quantitative magnetic resonance imaging of the trapezius muscles. A T2-prepared turbo spin-echo sequence was
acquired for manual segmentation of the trapezius muscles and extraction of mean T2 values.

Results: There were no statistically significant differences regarding age, sex, body mass index, or number of myofascial
trigger points (mTrPs) between groups. All patients with migraine presented with mTrPs in the trapezius muscles. T2 of
the entire trapezius muscles was significantly higher in the migraine group when compared to controls (31.1 0.8 ms vs.
30.1 £ I.1 ms; p=0.002).

Conclusions: Elevated T2 values of the trapezius muscles may indicate subtle inflammatory processes within muscu-
lature among patients with migraine because T2 increase is likely to stem from edematous changes. Future work may
validate this finding in larger cohorts, but muscle T2 might have potential to develop into a viable in vivo biomarker for
muscular affection in migraine.
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Abbreviations

3D: Three-dimensional

BMI: Body mass index

CGRP: Calcitonin gene-related peptide
FOV: Field of view
ICHD: International
Disorders

MIDAS: Migraine Disability Assessment

MRI: Magnetic resonance imaging

mTrP: Myofascial trigger point

RMS: Root-mean-square

RMSCV: Root-mean-square coefficient of variation
rPMS: Repetitive peripheral magnetic stimulation
ROI: Region of interest

SD: Standard deviation

TCC: Trigemino-cervical complex

TSE: Turbo spin-echo

Classification of Headache

Introduction

Migraine is ranked among the top ten of the most dis-
abling disorders worldwide (1). Regarding migraine
pathophysiology, research has focused on its central
mechanisms. Beyond central mechanisms, evidence
accumulates that headache disorders, and particularly
migraine, may be closely linked to structures of the
musculoskeletal system. Nociceptive input stemming
from the pericranial and the neck and shoulder
region could be transmitted to the brainstem and
meninges, thus leading to the experience of headache
within the context of the trigemino-cervical complex
(TCO) (2,3).

Muscular pain in the neck and shoulder region is a
common finding in subjects suffering from migraine
(4-7). Neck pain has been identified as a more frequent
accompaniment of migraine than nausea, and the prev-
alence of neck pain shows associations to headache
chronicity (7). However, objectively assessable corre-
lates of such involvement of the musculoskeletal
system have not yet been identified in patients with
migraine. Yet, a sparse amount of previous work
using in vivo imaging has investigated the role of myo-
fascial trigger points (mTrPs) for migraine. Ultrasound
studies were incoherent in differentiating mTrPs from
surrounding musculature, pointing at a lack of corre-
lation between clinically identified active mTrPs and
ultrasound findings (8), or, conversely, revealed
mTrPs as focal, hypoechoic regions or as regions with
reduced vibration amplitude, indicating increased stiff-
ness (9,10). On a similar note, studies using magnetic
resonance imaging (MRI) pointed at low agreement
between physicians and imaging raters for mTrPs
using elastography for evaluating myofascial pain-
associated taut bands (11), while a small study in

three patients suffering from migraine pointed at
focal, partly T2-hyperintense signal alterations in over-
lap with clinically defined mTrPs of the trapezius
muscles (12). Using T2 mapping in ten patients with
migraine, suspected mTrPs were characterised as T2
elevations in relation to surrounding muscle tissue of
the trapezius (13). Such T2 evaluations might be the
correlate of focal edematous changes within the trape-
zius muscles (13); yet, direct correlations between spots
of T2 increase, potentially attributable to mTrPs, and
tissue probes has not been achieved. However, whether
or not the neck and shoulder musculature beyond
mTrPs would present signal alterations in patients
with migraine has not been investigated. Specifically,
it is not evident why potential alterations of the mus-
culoskeletal system in the course of migraine should be
restricted to mTrPs only.

Inflammatory processes represent one of the patho-
physiological mechanisms that may contribute to
migraine development and maintenance (14). Biopsy
samples of the calvarial periosteum identified increased
expression of proinflammatory genes and decreased
expression of genes that suppress inflammation and
immune cell differentiation in patients with chronic
migraine with muscle tenderness, providing support
for a localised extracranial pathophysiology of
migraine (15). On the muscular level, microdialysis of
probes of upper trapezius muscles has also revealed
elevated concentrations of inflammation-related sub-
stances among subjects with neck pain and mTrPs
compared to subjects without neck pain with or with-
out mTrPs (16). However, potential evidence of such
muscular inflammatory changes in the course of
migraine by means of in vivo imaging is lacking to date.

Against this background, this study aims at evaluat-
ing the trapezius muscles in patients with migraine
applying quantitative high-resolution MRI with T2
mapping. We hypothesise that migraineurs with
mTrPs in the trapezius muscles may show increases in
muscle T2 as a potential correlate of ongoing inflam-
mation causing edematous changes.

Methods

Participants and design

This prospective, monocentric study was approved by
the local ethics committee and conducted in accordance
with the Declaration of Helsinki. Written informed
consent was obtained from all study participants.

The following inclusion criteria were defined for this
study: i) written informed consent, ii) age between 18
and 30 years, and iii) diagnosis of migraine (migraine
group; according to the German version of the head-
ache questionnaire modified according to the
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International Classification of Headache Disorders,
3rd edition, beta version [[CHD-3 beta] (17)), or
absence of any history of migraine or other types of
headache (control group). Exclusion criteria were a)
any history of muscular or neurological disorders
(except for migraine), b) diagnosis of tension-type
headache as an additional diagnosis (migraine group)
or isolated diagnosis (control group), ¢) pregnancy, d)
general contraindications for MRI, ¢) previous injury,
surgery, or implants at the neck and shoulder region, f)
a body mass index (BMI) indicating underweight or
obesity (BMI< 18.5 or BMI>30.0kg/m?), and g)
reported participation in competitive sports, extensive
physical activity, or weight lifting/body building.

Overall, 21 subjects with diagnosed episodic
migraine and 22 healthy control subjects were enrolled.
Study participation included two visits, 14 days apart,
to assess eligibility and clinical and headache character-
istics including physical examination with screening for
mTrPs of the neck and shoulder area, specifically of the
trapezius muscles (first study visit) and imaging of the
neck and shoulder area by MRI (second study visit).
All subjects considered eligible during the first study
visit were advised to not perform any kind of sports
activity and to not undergo physiotherapy or massage
during the upcoming two weeks until the appointment
for the second study visit. The visits were scheduled
between July 2019 and August 2020.

Clinical and physical examination

During the first study visit, standard clinical examina-
tions, including assessment of headache characteristics,
were performed by a board-certified medical doctor,
including completion of the Migraine Disability
Assessment (MIDAS) questionnaire in subjects diag-
nosed with migraine (with reference to the 30 days
prior to the first study visit) (18).

Manual palpation of the trapezius muscles was per-
formed by a certified physiotherapist, with the aim to
detect mTrPs using the approach as described by
Simons et al. (19). During manual palpation, the phys-
iotherapist let the trapezius muscle slide through
between thumb and index finger (pincer grip) under
medium pressure. Specifically, to diagnose a latent
mTrP, the following criteria had to be fulfilled: 1) pres-
ence of a palpable taut band with a local hypersensitive
spot, or ii) presence of a local hypersensitive spot with
occurrence of a referred sensation during palpation of
this spot, or iii) presence of a palpable taut band with a
local hypersensitive spot and occurrence of a referred
sensation during palpation of this spot (20-23). To
qualify as an active mTrP, the referred sensation
caused by palpation of a hypersensitive spot had to
be in the same location with similar characteristics

and intensity as the typical headache of the respective
study participant (20-23). No specific location was
considered to be a particular mTrP location, thus
examining the entire anatomical course of the trapezius
muscles of both sides.

The number of active and latent mTrPs and their
distinct locations within the trapezius muscles with
respect to proportional distance between anatomical
landmarks were documented (os occiput to cervical
vertebra 7, cervical vertebra 7 to acromion).

Magnetic resonance imaging

Image acquisition. Imaging of the neck and shoulder
region was performed with a 3-Tesla MRI scanner
(Ingenia Elition, Philips Healthcare, Best, The
Netherlands) in supine position during the second
study visit. A 16-channel anterior coil, 12-channel
built-in posterior coil, and 16-channel head coil were
used during scanning, applying a T2-prepared three-
dimensional (3D) turbo spin-echo (TSE) sequence for
T2 mapping with the following sequence parameters:
repetition time/echo time=1500/16ms, field of view
(FOV) =480 x 200 x 84 mm°,  acquisition  voxel =
1.75 x 1.75 x 2.0mm?>, reconstruction voxel=1.5 x
1.5 x 2.0mm°, echo train length =55, echo spacing =
2.3 ms, compressed SENSE (reduction factor R =35.5),
no partial Fourier, and fat suppression using spectral
inversion recovery. The acquisition time of this
sequence amounted to 7 min 53 sec per study
participant.

A T2 preparation duration of 15 — 30 — 45ms was
applied and an additional saturation preparation scan
was acquired to mitigate quantification errors due to
B0 inhomogeneities. The flip angle train was deter-
mined according to the vendor’s routines, leading to
a constant signal over the entire shot for the relaxation
properties of skeletal musculature (13,24). The FOV of
the sequence covered the entire course of the trapezius
muscle in the vertical axis and the entire body width at
the shoulder level in the horizontal axis.

Processing of images for T2 extraction. The T2-weighted
raw images of the T2-prepared 3D TSE sequence were
processed by in-house developed scripts coded in
MATLAB. A voxel-by-voxel fitting for the T2 value
with additional accounting for B0 field inhomogeneities
was applied as described previously (13,24,25). The
obtained datasets were transferred to the open-source
software Medical Imaging Interaction Toolkit (MITK;
developed by the Division of Medical and Biological
Informatics, German Cancer Research Center,
Heidelberg, Germany; www.mitk.org), followed by
visual quality assessment. None of the study partici-
pants had to be excluded due to image quality issues.
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Image segmentation. Manual segmentations of image
data were performed by placement of regions of inter-
est (ROIs) using tools implemented in MITK. One
reader (PS), supervised by a board-certified radiologist
with ten years of experience (TB), performed the seg-
mentations in all enrolled subjects. Furthermore, this
reader performed segmentations in five randomly
selected subjects a second time to assess reproducibility
(8 weeks after the initial segmentations), supplemented
by evaluation of these five subjects by a second inde-
pendent reader with 8 years of experience (NS) to eval-
uate inter-reader reliability. The readers were strictly
blinded to the results of physical examination as well
as the group assignments (migraine group vs. control
group).

The entire trapezius muscles were segmented in the
axial slices of the images with the shortest T2 prepara-
tion duration, with polygonal ROIs being manually
placed on each slice in consecutive order to separately
enclose the right and left trapezius muscles. A margin of
approximately Smm to the outer contour of the trape-
zius muscles was considered to avoid accidental inclu-
sion of muscular fascia or intermuscular fat, and the
segmentations were stopped in the vertical direction
when no more muscle tissue was identified at the tran-
sition zone to the muscle tendons of the trapezius
muscles bilaterally (Figure 1). Additionally, a multi-
planar reconstruction of the images was performed in
coronal and sagittal orientation, which was considered
to avoid unwilling inclusion of vessel structures as far as
possible. Mean T2 values >100 ms were removed from
the datasets prior to extraction of T2 values using our
MATLAB-coded scripts because such high T2 values
most likely stem from measurements in areas with
very high fluid components, such as vasculature (25).

The mean T2 values (inms) of the entire left and
right trapezius muscles were extracted and averaged
for each subject. Additionally, T2 values were extracted
and averaged between sides for the single slice that
presented the largest axial cross-sectional area of the
trapezius muscles.

T2-weighted
raw data (a.u.)

Figure |. Segmentation of the trapezius muscle. T2-weighted
raw data (with the weakest T2-weighting, in arbitrary units [a.u.])
for an exemplary case. On the raw data, the masks obtained from
segmentation of the trapezius muscle on the left side are indi-
cated by an overlay in a representative axial slice.

Statistical analysis

Statistics and generation of graphs were performed
with GraphPad Prism (version 6.0; GraphPad
Software Inc., San Diego, CA, USA). A p-value <0.05
was defined as statistically significant (two-sided).

Descriptive statistics including mean, standard devi-
ation (SD), median, ranges, or absolute frequencies
were calculated. Shapiro-Wilk normality tests were per-
formed and indicated Gaussian distribution for age,
BMI, and the extracted T2 values. Unpaired t-tests
were conducted for age and BMI between the subjects
assigned to the migraine and control group, ;> tests
were performed to assess sex distribution and number
of mTrPs per side between groups. The results of the
MIDAS questionnaire were used to generate an overall
MIDAS score (0-5 points: None to minimal impair-
ment, 6—10 points: Mild impairment, 11-20 points:
Moderate impairment, and > 20 points: Severe impair-
ment) (18,26,27).

To evaluate differences in T2 values between groups,
unpaired t-tests were performed for the segmentations
of the entire trapezius muscles as well as for the seg-
mentations derived from the slice with the largest
cross-sectional area, respectively. To evaluate the
reproducibility of T2 values of the segmentations of
the trapezius muscles, we evaluated the measurements
performed two times by the first reader in five subjects
by calculating the root-mean-square (RMS) error
(absolute units [ms]) and root-mean-square coefficient
of variation (RMSCYV; relative units [%]) for repeated
measurements (28,29). Analogously, we used the RMS
and RMSCYV to assess inter-reader reliability based on
the measurements among these five subjects as
obtained from the two readers.

Results

Cohort characteristics

The results of the MIDAS questionnaire and derived
MIDAS scores are depicted in Table 1. There were no
statistically significant differences between the migraine
and control group regarding age, sex distribution or
BMI (p > 0.05 each; Table 2). Fourteen of the included
21 migraineurs had a diagnosis of migraine with aura.
None of the migraineurs presented with an acute
migraine attack on the days of the study visits.

According to physical examination, all subjects of
the migraine cohort showed at least one mTrP in the
trapezius muscles. Two subjects of the migraine group
showed active mTrPs bilaterally, while the remaining
19 subjects of the migraine group only presented with
latent mTrPs (Table 2). Subjects of the control group
did not show any active mTrPs (Table 2).
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T2 values of the trapezius muscles

The T2 values of the trapezius muscles were significant-
ly higher in the migraine group when compared to the
control group for the entire trapezius muscles (mean +
SD and range: 31.1 +0.8ms, 30.0-32.6ms vs. 30.1 +
1.1ms, 28.4-32.0ms; p=0.002; Figure 2) as well as
for the single slice with the largest cross-sectional
area of the trapezius muscles (mean+SD and range:
31.1£0.8ms, 30.0-32.8ms vs. 30.2+1.1ms, 28.0-
31.9ms; p=0.002).

Reproducibility and inter-reader reliability

The reproducibility of T2 measurements for the trape-
zius muscles, as assessed by the RMS error, was
0.14ms (RMSCV: mean+SD and range: 0.12+
0.07%, 0.01-0.23%). Similarly, inter-reader reliability

Table 1. Migraine Disability Assessment (MIDAS) questionnaire.
This table shows the results of the MIDAS questionnaire and
derived MIDAS score as mean = standard deviation (SD) and
ranges.

MIDAS Questionnaire

Mean + SD
Item (range)
Missing school/work (days) 1.7+2.0 (0-8)

Productivity at school/work reduced by 6.2 +4.9 (0-20)

half (days)

Could not do household work (days) 2.7+£3.1 (0-12)

Household work productivity reduced 4.1 £5.0 (0-18)
by half (days)

Missing family, social, or leisure activi- 3.0+25 (0-10)

ties (days)
Frequency of headache (days)
Intensity (scale of 0-10)
MIDAS score

21.5+10.2 (9-45)
5.8+ 1.5 (3-8)
17.8+ 13.6 (3-59)

showed an RMS error amounting to 1.57 ms (RMSCV:
mean + SD and range: 1.43 £0.64%, 0.90-2.50%).

Discussion

This study applied quantitative MRI by means of T2
mapping in patients with migraine and controls to eval-
uate T2 values of the trapezius muscles bilaterally. We
found that the muscle T2 is significantly higher in sub-
jects with episodic migraine when compared to controls
without a history of migraine or other types of head-
ache. Therefore, our hypothesis of potentially ongoing
inflammation causing edematous changes, most prob-
ably the cause of such increased T2 values in the

p=0.002
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Figure 2. T2 values of the trapezius muscles. This graph illus-
trates the T2 values derived from segmentations of the entire
trapezius muscles of both sides in subjects with migraine as well
as controls. The circles and squares indicate individual T2 values
(in ms), horizontal lines represent the mean and standard devi-
ation (SD). The difference in T2 values between groups was
statistically significant (p =0.002).

Table 2. Cohort characteristics and myofascial trigger points (mTrPs). This table shows age, body mass index (BMI), and number of
latent and active mTrPs for migraineurs and control subjects. Given p-values are derived from unpaired t-tests (age, BMI) or % tests

(number of mTrPs).

Cohort characteristics

Mean £ SD (range)

Item Migraine group (n=21) Control group (n=22) p-value
Age (years) 24.6 £3.1 (20.0-31.7) 23.0+2.2 (19.7-28.1) 0.060
BMI (kg/m?) 21.6+1.9 (18.6-25.4) 22.1+2.3 (19.1-28.7) 0.434
All mTrPs

Right trapezius muscle 2.1+1.9 (0-8) 2.0+2.0 (0-6) 0.880

Left trapezius muscle 22+ 1.7 (0-6) 20+2.2 (0-7)
Active mTrPs

Right trapezius muscle 03£1.1 (04) 0 -

Left trapezius muscle 03 £ 1.1 (0-5) 0
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trapezius muscles of migraineurs, could be confirmed.
Prior research has repeatedly described that muscular
pain of the neck and shoulder region is frequent in
subjects suffering from migraine (4-7). Triggering of
headache by muscular pain of the neck and shoulder
region in migraine seems likely within the concept of
the TCC, which includes a convergence of nociceptive
inputs originating from the neck and shoulder muscles
and the trigeminal nerve in the caudal trigeminal nuclei
(2,3). Accordingly, hyperalgesia at the level of the neck
and shoulder muscles could influence the development
and/or maintenance of migraine or vice versa. In this
regard, the finding of increased muscle T2 for the tra-
pezius muscles in migraine may point at edematous
changes, which may most likely stem from inflamma-
tory mechanisms. Increases on T2-weighted MRI
sequences or, in a quantifiable manner, increases in
measurable T2 values are almost specific for edema
(30,31).

Our findings align with evidence for peripheral
inflammatory mechanisms in migraine from previous
work, demonstrating enhanced expression of proin-
flammatory genes (e.g. CCL8, TLR2) and decreased
expression of genes suppressing inflammation and
immune cell differentiation (e.g. ILIORA, CSFIR) in
biopsy samples of the calvarial periosteum derived
from patients with chronic migraine and muscle tender-
ness (15). On a similar note, subjects with trapezius
myalgia, not necessarily related to migraine, showed
higher interstitial serotonin and higher glutamate
than controls according to microdialysis evaluation of
trapezius muscle probes (32). Moreover, microdialysis
of samples of the upper trapezius muscles has revealed
elevated concentrations of substances including brady-
kinin, calcitonin gene-related peptide (CGRP), sub-
stance P, tumour necrosis factor-o, interleukin-1p,
serotonin, and norepinephrine in subjects with neck
pain and mTrPs when compared to subjects without
neck pain and with or without mTrPs (16). In particu-
lar, CGRP has played a major role in migraine research
during the last decade and is reported as one of the
most important substances in inter-axonal signaling
in the trigeminal loops and the trigeminal ganglion
itself (33-35). Specifically, CGRP is a key neurotrans-
mitter in the neuro-immune axis, with unmyelinated
nerve fibres (c-fibres) containing CGRP (36). In this
regard, T2 mapping of the trapezius muscles in patients
with migraine and a muscular component may repre-
sent a novel, objective outcome measure to assess the
treatment response to acute or preventive therapies.
Further, elevated T2 values may serve as future
response predictors for such therapies on the long

run. Vice versa, CGRP levels may serve as markers
for prediction or assessment of treatment responses of
approaches focusing on the neck and shoulder muscles,
such as repetitive peripheral magnetic stimulation
(rPMS) (37-39). Yet, another interesting perspective
may be to assess the effects of CGRP-targeting medi-
cations applied subcutaneously in the neck and shoul-
der region. However, such integrative approaches
combining objective diagnostics by MRI using T2
mapping with medication and/or interventions such
as rPMS are beyond this study’s scope, but should be
designed as the next steps.

The finding of elevated T2 values of the trapezius
muscles was obtained in a cohort that did not show
significant differences to controls for age, BMI, sex
distribution, or the total number of mTrPs of the tra-
pezius muscles. A previous study evaluating signal
alterations by means of T2 mapping related to mTrPs
reported on lower mean T2 values for the right and left
trapezius muscles, which were only derived from meas-
urements in a single slice at the level of the individually
marked mTrP location in ten subjects (13).
Discrepancies in absolute values may be related to dif-
ferences in sequence details when compared to the pre-
sent study or could be linked to the respective slice
evaluated. The very good values for reproducibility
and inter-reader reliability, however, nearly exclude
variability in values due to potentially divergent seg-
mentation approaches. In this regard, the application
of T2 mapping becomes possible by a high-resolution
T2-prepared 3D TSE sequence that offers an accurate
and fast T2 quantification with sufficient robustness to
B1 and B0 errors even at a challenging region such as
the neck and shoulder region where large B0 variations
are frequently observed (13,24). In contrast, previous
conventional T2 mapping approaches, applied for var-
ious other purposes than evaluations of trapezius
muscles in migraine, were primarily based on two-
dimensional, multi-slice multi-echo spin echo sequences
that were error-prone due to the dependence of the T2
quantification on Bl and BO errors (40.41).

The following limitations have to be acknowledged
when interpreting the results of this study. First, we
only included young adults and the predominantly
female study cohort has a rather narrow age range,
which limits the generalisability of the presented find-
ings. Hence, future studies may include larger samples
of different ages and may additionally investigate
potential sex differences for muscle T2 wvalues.
Second, we did not specifically assess whether neck
pain was closely linked to the presence of a migraine
attack, but upcoming studies may evaluate potential



940

Cephalalgia 41(8)

differences in mTrP characteristics and, importantly,
T2 values considering interictal intervals and ictal
phases with concomitant neck pain. Third, related to
the period of 14 days between the two study visits, it is
currently unclear to what extent the CGRP status or
the number of mTrPs may change within a subject’s
individual migraine cycle. Yet, given the likelihood of
manual palpation of mTrP assessments causing micro-
trauma and edema, synchronising manual palpation
and MRI acquisition on the same day or within only
few days apart may reflect a source of bias, with the
risk of arbitrarily increased T2 values captured by too-
early MRI acquisitions after physical examination.
Yet, upcoming studies may more specifically assess
muscular symptoms during the course of a migraine
cycle, including standardised measures of muscular
hyperalgesia (e.g. pressure pain thresholds), to be able
to potentially provide surrogate markers of migraine-
related neck pain on the day of MRI acquisition.
Fourth, the contribution of latent or active mTrPs of
the trapezius muscles to the overall muscle T2 values is
unclear and not evaluated in this study. Previous work
in a small cohort of ten subjects has pointed at
increased T2 values for suspected mTrPs when com-
pared to surrounding musculature (13), yet this previ-
ous work has not evaluated T2 values of the entire
trapezius muscles. However, the size of mTrPs is
rather small, and we do not expect considerable
impact of these points on overall muscle T2 values.
In this regard, upcoming analyses will have to validate
increased T2 values related to mTrPs of the trapezius
muscles and their role for signal quantifications in MRI

of the neck and shoulder area. Fifth, the absolute dif-
ference in muscle T2 values between subjects with
migraine and controls was in the range of only
fewms. While increased T2 values may be interpreted
as evidence for inflammatory changes related to
migraine, reference values for edematous changes of
musculature are not available and would be subject
to stark differences between sequences and MRI sys-
tems. Yet, the difference between groups was observed
using the same scanner and sequence protocol in all
subjects, but confirmation in larger samples and also
with other scanning environments seems mandatory to
draw more final conclusions.

Conclusion

By means of in vivo, quantitative high-resolution MRI
of the neck and shoulder region, this study revealed a
significant difference in muscle T2 values between
patients with migraine with mTrPs and controls for
the trapezius muscles. The higher T2 values for the
migraine group may be attributed to subtle edematous
changes within the musculature, potentially related to
peripheral inflammatory mechanisms of migraine.
Related to this finding, migraine could not only be
seen as an isolated “brain state”, but rather as a com-
prehensive pathophysiological concept integrating a
“brain and muscle state”, which seems at least applica-
ble to cohorts of migraineurs with mTrPs. Yet, confir-
mation of results in larger samples is needed prior to
determining the distinct value of muscle T2 as a poten-
tial muscular biomarker in migraine.

Clinical implications

e This study investigated the trapezius muscles by means of magnetic resonance imaging with T2 mapping.
Subjects with episodic migraine show increased T2 values of the trapezius muscles compared to controls.

o This finding may relate to edematous changes of the trapezius muscles in migraine, likely stemming from
subtle inflammatory processes.

e Muscle T2 could translate
pathophysiology.

into a viable biomarker for peripheral components of migraine
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