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Background: Repetitive neuromuscular magnetic stimulation (rNMS) of the trapezius

muscles showed beneficial effects in preventing episodic migraine. However, clinical

characteristics that predict a favorable response to rNMS are unknown. The objective

of this analysis is to identify such predictors.

Methods: Thirty participants with a diagnosis of episodic migraine (mean age:

24.8 ± 4.0 years, 29 females), who were prospectively enrolled in two non-sham-

controlled studies evaluating the effects of rNMS were analyzed. In these studies, the

interventional stimulation of the bilateral trapezius muscles was applied in six sessions

and distributed over two consecutive weeks. Baseline and follow-up assessments

included the continuous documentation of a headache calendar over 30 days before

and after the stimulation period, the Migraine Disability Assessment Score (MIDAS)

questionnaire (before stimulation and 90 days after stimulation), and measurements of

pain pressure thresholds (PPTs) above the trapezius muscles by algometry (before and

after each stimulation session). Participants were classified as responders based on

a ≥25% reduction in the variable of interest (headache frequency, headache intensity,

days with analgesic intake, MIDAS score, left-sided PPTs, right-sided PPTs). Post-hoc

univariate and multivariate binary logistic regression analyses were performed.

Results: Lower headache frequency (P = 0.016) and intensity at baseline (P = 0.015)

and a migraine diagnosis without a concurrent tension-type headache component (P

= 0.011) were significantly related to a ≥25% reduction in headache frequency. Higher

headache frequency (P = 0.052) and intensity at baseline (P = 0.014) were significantly

associated with a ≥25% reduction in monthly days with analgesic intake. Lower

right-sided PPTs at baseline were significantly related to a ≥25% increase in right-sided
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PPTs (P = 0.015) and left-sided PPTs (P =0.030). Performance of rNMS with higher

stimulation intensities was significantly associated with a ≥25% reduction in headache

intensity (P = 0.046).

Conclusions: Clinical headache characteristics at baseline, the level of muscular

hyperalgesia, and stimulation intensity may inform about how well an individual patient

responds to rNMS. These factors may allow an early identification of patients that would

most likely benefit from rNMS.

Keywords: headache, migraine, neurostimulation, non-invasive neuromodulation, repetitive peripheral magnetic

stimulation, myofascial trigger point, preventive migraine therapy, migraine prevention

INTRODUCTION

Migraine is one of the most prevalent neurological disorders
worldwide, with more than one billion affected people in
2016 and a significant impact on health-related quality
of life, work productivity, and social relationships (1–3).
Migraine is countervailed by a multimodal approach of lifestyle
management, psychoeducation, psychotherapeutic intervention,
and pharmacotherapy (4–6). Medication for migraine attacks
is well-established and widely used; yet, responsiveness to
prophylactic treatment varies and treatment adherence is often
poor (e.g., due to side effects or insufficient adjustment of dosage)
(7, 8). Against this background, innovative non-pharmacological
treatment options are highly required (4, 8–10).

Neurostimulation represents a non-pharmacological
treatment alternative that has emerged over the recent years
(11–14). It aims at modifying the complex processes and
interactions in and in-between the central, peripheral, and/or
autonomous nervous system through externally applied electrical
or magnetically induced stimuli. Several approaches exist,
including: transcranial magnetic stimulation (TMS), transcranial
direct current stimulation (tDCS), occipital nerve stimulation
(ONS), transcutaneous supraorbital nerve stimulation (tSNS),
transcutaneous vagus nerve stimulation (tVNS), and remote
electrical neurostimulation (REN) of cutaneous sensory afferents
of the upper arm (10, 15–22).

Furthermore, repetitive neuromuscular magnetic stimulation
(rNMS) has been introduced lately, targeting to the neck
and shoulder muscles to prevent attacks in episodic migraine
(23–25). Specifically, rNMS has been reported to be safe,
feasible, well-tolerated, and well-accepted (23–25). Moreover,
promising effects of rNMS in terms of a reduction in headache
frequency, headache intensity, migraine-associated disability,
and muscular hypersensitivity have been reported (23–25). It is
hypothesized that rNMS intervenes at the terminal branches of

Abbreviations: DMKG, German Migraine and Headache Society; ICHD,

international classification of headache disorders; MIDAS, migraine disability

assessment; mTrP, myofascial trigger point; ONS, occipital nerve stimulation;

PPT, pressure pain threshold; QoL, quality of life; REN, remote electrical

neurostimulation; rNMS, repetitive neuromuscular magnetic stimulation; TCC,

trigemino-cervical complex; tDCS, transcranial direct current stimulation;

tENS, transcutaneous electrical nerve stimulation; TMS, transcranial magnetic

stimulation; TTH, tension-type headache; tSNS, transcutaneous supraorbital nerve

stimulation; tVNS, transcutaneous vagus nerve stimulation.

the motor and afferent nerves in the region within the induced
electromagnetic field, thus directly and indirectly leading to an
increase of proprioceptive sensation (26, 27). The trigemino-
cervical complex (TCC) serves as a gateway for this bottom-up
approach and its translation to modulate the central mechanisms
of nociception (10, 28, 29).

However, rNMS demands a commitment in terms of patient’s
and therapist’s resources. Stimulators are increasingly available
on the markets, but, they are still by far more expensive than
devices for transcutaneous electrical nerve stimulation (tENS),
which limits availability. Therefore, recommending rNMS for
migraine prevention anticipates thorough consideration of which
patient may benefit the most in the context of an individualized
multimodal treatment paradigm. However, no data on the
predictors of a treatment response to rNMS nor to any other
neurostimulating approach are available. The aim of this study
was to assess clinical headache and muscular characteristics as
well as technical aspects of the stimulation protocol that are
associated with a positive treatment response to rNMS regarding
headache frequency, headache intensity, burden of migraine,
frequency of analgesic intake, and level of muscular hyperalgesia.

METHODS

Ethics
The protocols of the two non-sham-controlled studies that
form the basis of the present analyses were approved by the
institutional review boards of both universities of Munich. The
studies were conducted in accordance with the Declaration
of Helsinki. Written informed consent was obtained from
all participants.

Study Design
For the analysis of response predictors, the baseline, treatment,
and follow-up charts of 30 participants who received rNMS to the
upper trapezius muscles during two previous prospective non-
sham-controlled clinical studies have been reviewed (23–25). The
following inclusion criteria were applied during those studies: (1)
age between 18 and 35 years, (2) episodic migraine [according
to the German version of the headache questionnaire modified
according to the International Classification of Headache
Disorders (ICHD), 3rd beta edition (30–32)], (3) at least one
active myofascial trigger point (mTrP) in one of the upper
trapezius muscles (identified by a physiotherapist specialized
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in manual palpation of mTrPs), and (4) no metallic implants
(e.g., pacemaker, cochlear implants). The following criteria
were defined as exclusion criteria: (1) chronic migraine (≥15
headache days per month for >3 months) (30), (2) any
neurological disorder except for primary headache, (3) intake of
any medication for migraine prophylaxis, and (4) pregnancy.

During the previous studies, each participant underwent
six sessions of rNMS in regular intervals during two
consecutive weeks (e.g., Monday/Wednesday/Friday or
Tuesday/Thursday/Saturday) (23–25). A Nexstim eXimia
NBS System with a figure-of-eight stimulation coil was used
for rNMS (version 4.3; Nexstim Oy, Helsinki, Finland). Before
starting the first rNMS session, the stimulation intensity (%
of maximum stimulator output) was determined individually
for the trapezius muscles and was kept for both sides for the
following sessions. Individual stimulation intensities were set by
increasing the intensity in 5% steps until participants reported
a discomfortable sensation (defined as a score of 5 on a 0–10
visual analog scale). Next, this intensity was decreased by 5%
so that a comfortable and non-painful stimulation over 15min
was possible (23–25). Stimulation targeted to the left and right
upper trapezius muscles – focusing on the mTrP with the highest
intensity of referred pain—for 15min per side during each
session. Stimulation of each side consisted of 20 bursts with a
total of 6.000 stimuli and a 20-Hz frequency. A single burst lasted
15 s and was composed of 300 stimuli, followed by a relaxation
time of 30 s.

Baseline and Follow-up Assessments
The German version of the headache questionnaire modified
according to the ICHD (3rd beta edition) (30–32), the headache
calendar of the German Migraine and Headache Society
(DMKG) (33), and the Migraine Disability Assessment Score
(MIDAS) questionnaire (34, 35) were applied. The presence of
aura symptoms and an association with tension-type headache
(TTH) were documented as well.

To evaluate the headache frequency and characteristics,
participants were asked to fill in the headache calendar of the
DMKG on a daily basis in the 30 days before the first rNMS
session. Numerous items of each headache attack like date,
trigger mechanisms (stress, relaxation, disturbance of sleep-
awake rhythm, or menstruation), intensity, duration, quality,
localization, forerunning symptoms (scintillating scotoma,
paresthesia, or aphasia), concomitant symptoms (nausea,
vomiting, photophobia, phonophobia or odor-sensitivity), drug
intake, dosage form, and pain relief were recorded with the
help of the calendar. Subsequently, the participants filled in the
headache diary during the course of the 30 days after the last
rNMS intervention, defined as the follow-up period.

Moreover, participants were advised to fill in the MIDAS
questionnaire to evaluate the impairment by headache events
in different aspects of daily life before and after the application
of rNMS. As the MIDAS questionnaire is evaluating a period
of 90 days, this questionnaire had to be completed prior to
the first rNMS session (evaluating the 90 pre-interventional
days) and 90 days after the last session (evaluating the 90 post-
interventional days). Measurements of PPTs were performed

with an analog algometer by applying pressure with its rubber
tip of 1 cm2 perpendicularly to the determined mTrPs. The
pressure was increased with a velocity of 1 kg/s/cm2 until the local
PPT was attained according to the participant. This algometry
was conducted three times per side before and after rNMS
during each of the six sessions, and the average of each three
measurements was calculated afterwards (36, 37). In this context,
the PPT was defined as the cut-off value between mere pressure
and pressure-induced painful perception (37–41).

Statistical Analysis
SPSS (version 25.0; IBM SPSS Statistics for Windows, Armonk,
NY, USA) was used for statistical data analyses. Response
to rNMS was investigated by categorizing participants into
responders and non-responders according to a ≥25% response
criterion for the following outcomes: (1) headache frequency,
(2) headache intensity, (3) MIDAS score, (4) days with analgesic
intake per month, (5) left-sided PPT, and (6) right-sided PPT.
The following potential predictors were evaluated: (1) age,
(2) headache type (episodic migraine, episodic migraine with
concurrent TTH diagnosis), (3) pre-interventional headache
frequency, (4) pre-interventional headache intensity, (5) pre-
interventional MIDAS score, (6) pre-interventional days with
analgesic intake per month, (7), pre-interventional left-sided
PPT, (8) pre-interventional right-sided PPT, and (9) stimulation
intensity. Differences between pre- and post-interventional
values of predictor variables were assessed using paired t-tests.

We performed univariate binary logistic regression analyses to
assess the influence of each potential predictor on the outcome
variable. To assess whether the regression model is better
fitted than a null model, the Omnibus test was used. Further,
multivariate binary logistic regression analyses (with a backward
elimination approach) were used to evaluate the combined
influence of potential predictors on the response (≥25% response
rate) to rNMS. The Benjamini-Hochberg procedure with a false
discovery rate (FDR) of 10% was used to adjust for multiple
testing. The statistical significance for all tests was set at α = 0.05.

RESULTS

Thirty participants who received rNMS applied to the bilateral
trapezius muscles were included in the analysis. All participants
had a diagnosis of episodic migraine, and 10 subjects had an
additional diagnosis of concurrent TTH (33.3%). Participants
were on average 24.8 ± 4.0 years old (age range: 19–35 years)
and 29 of the participants were female (96.7%). Demographics as
well as baseline and follow-up characteristics are summarized in
Table 1.

Response set to a level of ≥25% was achieved in 50% of this
cohort (n = 15) in terms of decreases in headache frequency, in
13% of participants (n = 4) in terms of decreases in headache
intensity, in 73% of participants (n = 22) in terms of decreases
in the MIDAS score, in 50% of participants (n = 15) in terms
of decreases in monthly days with analgesic intake, and in 53%
of participants (n= 16) in terms of increases in left-sided PPTs
as well as in 60% of participants (n = 18) in terms of increases
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TABLE 1 | Descriptive statistics of n = 30 patients affected by episodic migraine participating in two pilot studies of repetitive neuromuscular magnetic stimulation applied

to the trapezius muscles.

Descriptive Statistics Paired t-Test

N % Mean SD Range T P-value

Age (years) 24.80 3.96 19–35

Gender

Female 29 96.70

Male 1 3.30

Headache type

Migraine without TTH 20 66.70

Migraine with TTH 10 33.30

Headache frequency (days/month)

Pre-interventional 8.17 4.50 2–26 2.88 0.007a

Post-interventional 6.33 4.38 1–20

Headache intensity (10-point VAS scale)

Pre-interventional 5.23 1.37 2.52–7.5 −0.73 0.473

Post-interventional 5.40 1.33 3.00–7.43

MIDAS score

Pre-interventional 26.33 13.89 2–58 6.24 <0.001a

Post-interventional 15.27 12.30 1–47

Analgesic intake (days/month)

Pre-interventional 3.63 2.58 0–8 1.25 0.233

Post-interventional 3.10 2.44 0–9

PPT left (kg)

Pre-interventional 2.02 0.89 0.97–4.17 −4.26 <0.001a

Post-interventional 2.68 1.16 0.80–5.33

PPT right (kg)

Pre-interventional 2.19 0.83 0.87–3.83 −4.10 <0.001a

Post-interventional 2.94 1.15 0.63–5.04

rNMS intensity (% of maximum stimulator output) 24.23 4.66 15–35

aResults significant at α = 0.05. TTH, tension-type headache; VAS, visual analog scale; MIDAS, migraine disability assessment; PPT, pressure pain threshold; rNMS, repetitive

neuromuscular magnetic stimulation.

in right-sided PPTs, respectively. The results of the univariate
analyses are summarized in Table 2.

The multivariate analyses revealed the following results
(Table 3): headache type as well as pre-interventional headache
frequency and headache intensity were significantly associated
with responsiveness in terms of a ≥25% reduction in headache
frequency. Responders had on average lower pre-interventional
headache frequency (responders: 7.4 ± 3.4 days/month; non-
responders: 8.9 ± 5.4 days/month) and intensity (responders:
5.0 ± 1.3 points; non-responders: 5.5 ± 1.5 points on a
10-point visual analog scale). In addition, responders were
more often diagnosed with migraine without a concurrent
diagnosis of TTH [responders: 12 participants without a TTH
diagnosis (80%); non-responders: 8 participants without a TTH
diagnosis (53.3%)]. The pre-interventional headache intensity
was significantly associated with responsiveness in terms of
a ≥25% reduction in monthly days with analgesic intake.
The association of pre-interventional headache frequency with
responsiveness showed a statistical trend (P= 0.052). Responders

had on average higher pre-interventional headache frequency
(responders: 9.0 ± 5.6 days/month; non-responders: 7.3 ±

3.0 days/month) and intensity (responders: 5.7 ± 1.4 points;
non-responders: 4.7 ± 1.1 points on a 10-point visual analog
scale).

The pre-interventional right-sided PPT was significantly
associated with responsiveness in terms of a ≥25% increase in
the right-sided PPTs. Responders had on average lower pre-
interventional right-sided PPTs (responders: 2.0 ± 0.9; non-
responders: 2.4 ± 0.7). The pre-interventional right-sided PPT
was significantly associated with responsiveness in terms of
a ≥25% increase in the left-sided PPTs. Responders had on
average lower pre-interventional right-sided PPTs (responders:
1.9 ± 0.7; non-responders: 2.6 ± 0.8). Stimulation intensity was
significantly associated with responsiveness in terms of a ≥25%
reduction in headache intensity. Responders received rNMS with
higher stimulation intensities on average (responders: 29.3 ±

4.4% of maximum stimulator output; non-responders: 23.5 ±

4.3% of maximum stimulator output).
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TABLE 2 | Results of the univariate analyses of response predictors of repetitive neuromuscular magnetic stimulation applied to the trapezius muscles in patients affected

by episodic migraine.

Predictor Omnibus Test B SE P-value Exp (B) 95% CI [Exp (B)]

Chi² P-value

25% responder rate of headache intensity

rNMS intensity 6.27 0.012 0.37 0.18 0.046a 1.44 1.01–2.07

25% responder rate of MIDAS score

Headache frequency 4.02 0.045 −0.21 0.13 0.110 0.81 0.63–1.05

Days with analgesic intake/month 3.93 0.048 −0.35 0.19 0.067 0.71 0.49–1.02

25% responder rate of days with analgesic intake

Headache intensity 4.42 0.035 0.62 0.32 0.053 1.86 0.99–3.48

Days with analgesic intake/month 6.79 0.009 0.42 0.18 0.019a 1.52 1.07–2.15

25% responder rate of left-sided PPT

Right-sided PPT 6.00 0.014 −1.25 0.58 0.030a 0.29 0.09–0.89

25% responder rate of right-sided PPT

rNMS intensity 4.75 0.029 0.20 0.10 0.050a 1.22 1.00–1.49

aResults significant at α = 0.05 and after adjusting for multiple testing using the Benjamini-Hochberg correction with 10% FDR. Only predictors for which the Omnibus test was significant

are displayed in this table. B, unstandardized beta (regression coefficient); SE, standard error of the unstandardized beta; Exp(B), expected beta; CI, confidence interval of the expected

beta; MIDAS, Migraine Disability Assessment; PPT, pressure pain threshold; rNMS, repetitive neuromuscular magnetic stimulation; FDR, false discovery rate.

TABLE 3 | Results of the multivariate analyses of response predictors of repetitive neuromuscular magnetic stimulation applied to the trapezius muscles in n = 30 patients

affected by episodic migraine.

Predictor B SE P-value Exp(B) 95% CI [Exp (B)]

25% responder rate of headache frequency

Headache type 4.13 1.63 0.011a – –

Headache frequency −0.41 0.17 0.016a 0.66 0.47–0.93

Headache intensity −1.41 0.58 0.015a 0.25 0.08–0.76

25% responder rate of headache intensity

rNMS intensity 0.37 0.18 0.046a 1.44 1.01–2.07

25% responder rate of days with analgesic intake

Headache intensity 1.00 0.40 0.014a 2.71 1.23–5.99

Headache frequency 0.23 0.12 0.052 1.26 1.00-1.60

25% responder rate of left-sided PPT

Right-sided PPT −1.25 0.58 0.030a 0.29 0.09–0.89

25% responder rate of right-sided PPT

Left-sided PPT 2.02 1.07 0.060 7.51 0.92–61.37

Right-sided PPT −2.83 1.16 0.015a 0.06 0.01–0.58

rNMS intensity 0.25 0.14 0.076 1.28 0.97–1.69

aResults significant at α = 0.05 and after adjusting for multiple testing using the Benjamini-Hochberg correction with 10% FDR. All variables not mentioned in the table were excluded in

the prior steps of regression analysis. B, unstandardized beta (regression coefficient); SE, standard error of the unstandardized beta; Exp(B), expected beta; CI, confidence interval of

the expected beta; PPT, pressure pain threshold; rNMS, repetitive neuromuscular magnetic stimulation; FDR, false discovery rate.

No statistically significant predictors were identified for
responsiveness in terms of a ≥25% reduction in MIDAS scores
(P > 0.05).

DISCUSSION

In migraine research, neurostimulation methods are emerging
non-invasive, non-pharmacological approaches, for which
efficacy data is available but information on clinical baseline
characteristics associated with positive treatment response are
still lacking (11, 12). This study points at clinical headache and

muscular characteristics as well as a technical factor as potential
predictors for a beneficial response to rNMS in participants
with episodic migraine. Reductions in headache frequency (from
8.17 to 6.33 headache days per month) and in MIDAS scores
(from 26.3 reflecting severe disability to 15.3 reflecting moderate
disability) were observed after application of rNMS compared to
the baseline status, whereas no significant changes were found
for headache intensity or duration.

Participants achieving a reduction in headache frequency
of at least 25% had on average lower headache frequency,
lower headache intensity, and were more often diagnosed with
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migraine without a TTH component at baseline. Responsiveness
in terms of ≥25% reduction in monthly analgesic intake days
was associated with higher mean headache intensity at baseline
and higher headache frequency by trend. Regarding muscular
involvement, participants achieving a ≥25% increase in right-
and left-sided PPTs had on average lower baseline right-sided
PPTs. From the technical perspective, participants with a decrease
of at least 25% in headache intensity received rNMS with higher
mean stimulation intensities. All those findings are in agreement
with the current concept of migraine pathophysiology, which
includes not only central pain mechanisms but also points at
muscular involvement of the neck muscles (7, 42–44). Clinically,
particularly the involvement of the upper trapezius muscles has
been described more pronounced in migraine than in episodic
TTH (45, 46). Supported by muscular imaging by advanced
techniques like muscle T2 mapping of the trapezius muscles,
the clinical signs might be considered surrogates of muscular
neuroinflammation (47, 48). This imaging finding could be seen
in line with the framework of the TCC (28, 29).

The level of sensitization and impairment of the nociceptive
feedback control systemsmay eventually bemore easily amenable
by a tailored treatment approach the lower the baseline headache
frequency and intensity are. This may imply to consider a
neuromodulatory approach early during the course of disease,
before perpetuation of the disorder. With respect to this
assumption, a follow-up rNMS study involving patients suffering
from chronic migraine would be of interest, as well as long-
term follow-up investigations to assess the sustainability of
the beneficial effects in different subgroups of patients (e.g.,
episodic migraine vs. high-frequent episodic migraine vs. chronic
migraine). Treating migraine via the bottom-up approach allows
the modulation of the afferent input to the TCC and, in
consequence, of the central pain processing mechanisms (10, 28,
29). Since TTH is associated with different pathophysiological
mechanisms, patients with migraine having a concurrent TTH
component might respond to rNMS to a lesser extent (49–52).

Patients who are more frequently or more intensely affected
by migraine may also use more medication for pain relief.
Hence, a decrease of the intake of analgesics is likely to reflect a
lower headache frequency and/or intensity as a positive response
to rNMS. The better treatment response in patients with a
higher level of muscular hyperalgesia supports the concept of
the bottom-up approach, as well. In this regard, rNMS targeting
the part of the trapezius muscles that is included in the TCC is
particularly effective in patients with a high level of muscular
involvement. Specifically, the impact of the stimulation intensity
on the outcome might reflect a dose-effect relationship. Given
the novelty of the rNMS approach, no comparisons of different
stimulation protocols have been conducted yet.

Of note, we chose a reduction of ≥25% as responder rate
since clinical experience support that responder rates lower
than 50% are also clinically meaningful in the context of non-
pharmacological preventive treatments (53). This is especially
true for the cohort of this study since it involves participants
suffering from frequent episodic migraine (up to 26 headache
days per month).

Data on the predictors of treatment response to other
non-invasive methods of neurostimulation (e.g., TMS, tDCS, or

tENS of cranial nerves) for the prevention of migraine is lacking
so far. Only one study examined potential predictors for the
response to invasive ONS in refractory chronic headache (54).
It showed that shorter unilateral headache attacks and prior
response to a pharmacologically induced occipital nerve block
were associated with a greater likelihood for a positive response
to invasive ONS (54).

When interpreting the results of this analysis the following
limitations should be respected. First, the sample size is low,
which does not allow for an extrapolation to the general
population of migraine patients. Second, the analysis relies on
data retrieved from not-sham-controlled pilot studies, which is
why placebo effects in the context of response level cannot be
excluded. Further research is needed to evaluate the association
of clinical as well as muscular characteristics and technical
aspects to treatment response for neurostimulation therapy. In
addition, future studies should investigate rNMS in a higher
number of patients as well as in sham-controlled settings to
assess and correct for a potential placebo effect. Future studies
could for instance assess further predictors like age at onset of
migraine, overall duration of migraine (55), number of local
spots of muscular hyperalgesia (i.e., mTrPs), fluid biomarkers
(e.g., calcitonin gene-related peptide), or biomarkers based on
novel muscular imaging methods (e.g., T2 mapping derived
from magnetic resonance imaging of the trapezius muscles)
(47, 48). Since our results derive from a cohort of young
adults with episodic migraine, future studies should include
other migraine cohorts as well (e.g., pediatric populations).
Further, this study did not assess variables reflecting central
sensitization (e.g., allodynia), and it did not systematically
assess common comorbidities like depression or anxiety. Future
studies should implement such comorbidities in their study
design. In addition, different classifications of responsiveness
should be considered, for example ≥25% vs. ≥50% response,
excellent responders (56), full-length responders, or wearing-off
responders (57). Moreover, the establishment of standardized
protocols for treatment and for data collection during baseline
and follow-up are necessary for reliable data analysis and bias
exclusion (55, 58). The identification of potential predictors
for the different neurostimulation approaches and for a larger
cohort of patients could enable an individually tailored,
efficacy-predicting tool (score chart) in a multimodal therapy
setting (59).

CONCLUSION

This analysis informs about predictors of treatment response to
rNMS applied to the upper trapezius muscle in a cohort of young
adults affected by episodic migraine. Findings demonstrate that
some clinical headache characteristics at baseline (headache
frequency, headache intensity, and headache diagnosis), the level
of muscular hyperalgesia expressed by PPTs at baseline, as well
as technical aspects during rNMS (stimulation intensity) may
deliver information on how well an individual patient may
respond to rNMS. These factors may allow early identification
of patients who would experience benefits of rNMS based on
their initial clinical presentation. This is important as rNMS
represents an innovative and promising treatment approach that
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is, however, restricted to single headache centers at the current
stage, only. Further, to establish a treatment option like rNMS in a
cost- and time-efficient manner, the individual counseling on the
treatment options in the context of a multimodal regimen should
be based on all evidence available.
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