Journal of

'

Clinical Medicine

Article

Effectiveness of a Complementary Telehealth Education Program
as a Preventive Treatment for Chronic Migraine: A Randomized

Pilot Study

Paula Cordova-Alegre 1.2 Pablo Herrero 2-3*(), Sonia Santos-Lasaosa
, Sandra Calvo 23

Beatriz Carpallo-Porcar

check for
updates

Citation: Cordova-Alegre, P.; Herrero,
P.; Santos-Lasaosa, S.; Navarro-Perez,
M.P; Carpallo-Porcar, B.; Calvo, S.;
Jimenez-Sanchez, C. Effectiveness of a
Complementary Telehealth Education
Program as a Preventive Treatment for
Chronic Migraine: A Randomized
Pilot Study. J. Clin. Med. 2024, 13, 6825.
https:/ /doi.org/10.3390/jcm13226825

Received: 28 August 2024
Revised: 30 October 2024
Accepted: 11 November 2024
Published: 13 November 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2

2,3,4 2,4

, Maria Pilar Navarro-Perez “%,
and Carolina Jimenez-Sanchez 12

Department of Physical Therapy, Universidad San Jorge, 50830 Zaragoza, Spain; pcordova@usj.es (P.C.-A.);
bcarpallo@usj.es (B.C.-P.); cjimenez@usj.es (C.].-S.)

Instituto de Investigacion Sanitaria (IIS) Aragén, 50009 Zaragoza, Spain; ssantos@salud.aragon.es (S.S.-L.);
mapinape@hotmail.com (M.P.N.-P.); sandracalvo@unizar.es (S.C.)

Department of Physiatry and Nursing, University of Zaragoza, 50001 Zaragoza, Spain

Hospital Clinico Universitario Lozano Blesa, 50009 Zaragoza, Spain

*  Correspondence: pherrero@unizar.es; Tel.: +34-646168248

Abstract: Background/Objectives: Chronic migraine (CM) is a neurological disorder that causes
significant disability, loss of productivity, and economic burden. Preventive treatments, including
pharmacological and educational interventions, are crucial for managing CM effectively. The aim
of this study was to analyze whether adding a therapeutic telehealth education program (TTEP) to
pharmacological treatment achieved a greater reduction in the number of headache days experienced
by patients with CM. Methods: A randomized, double-blind, controlled pilot study with two
parallel groups was performed. Patients with a diagnosis of CM and who were being treated with
Botulinum Toxin were randomly assigned to either the EG (therapeutic education program about
the neuroscience of pain, migraine, pain strategies, sleep habits, exercise, nutrition, postural habits,
and relaxation strategies) or CG (general health recommendations with no specific content about
migraine). The intervention lasted a total of eight weeks and was delivered via a telehealth application
(APP). Headache frequency, migraine frequency, pain intensity, headache impact, allodynia, fear of
movement, pain catastrophizing, chronic pain self-efficacy, anxiety and depression, sleep quality, and
sedentary lifestyle were measured at baseline (M0), one month after the intervention started (M1), at
the end of the intervention (M2), and one month after the intervention was completed for follow-up
(M3). Results: In total, 48 patients participated. There were differences between the groups in the
following outcomes in favor of EG for headache frequency at the one-month follow-up (p = 0.03;
d = 0.681); chronic pain self-efficacy at post-treatment (p = 0.007; d = 0.885) and at the one-month
follow-up (p < 0.001; d = 0.998); and sleep quality at post-treatment (p = 0.013; d = 0.786) and at
the one-month follow-up (p < 0.001; d = 1.086). No differences existed between the groups for the
other outcomes examined (p < 0.05). Conclusions: The use of TTEP reduced the number of headache
days, improved sleep quality, and increased self-efficacy in managing pain. This pilot study suggests
that the addition of a specialized TTPE to pharmacological treatments may be more effective than a
general health recommendation program for migraine.

Keywords: chronic migraine; telehealth; therapeutic education; self-management

1. Introduction

Chronic migraine (CM) is a neurologic disorder associated with considerable disability,
loss of productivity, and a profound economic burden, worldwide. It greatly impacts the
patient, interfering with their physical function and psychological well-being [1-3].

The prevalence of CM varies according to the different studies and the diagnostic
criteria used. Worldwide prevalence has been estimated to be between 1.4% and 2.2% of the
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population. It is more prevalent in Europe, followed by the Western Pacific, and then the
Americas. CM is much more common in women and is one of the most common reasons
for consultation with the general neurology service, since it affects 5-10% of patients in
Europe [2,4,5].

According to the International Classification of Headache (ICDH-III), CM is diagnosed
when a patient has experienced headaches on 15 or more days per month over the previous
three months, with at least eight of those days fulfilling the criteria for migraine without
aura or showing improvement with a triptan or ergot treatment [4,6,7].

Patients with CM also have central sensitization, which occurs due to the continuous
stimulation of the nociceptors in the neurons of the trigeminal increased spinal nucleus
and the thalamus. It manifests with cutaneous allodynia (CA). CA is usually limited to
the cephalic area but may extend to extra-cephalic areas, being present in 80% of patients
with CM. In addition, CM is associated with increased disability, medical and psychiatric
co-morbidities, increased use of health care resources, and sleep disorders [8-15].

Therefore, preventive treatment is important in the management of patients with CM,
which is not intended to prevent the disease, but to reduce the frequency of migraine
episodes. The preventive treatment includes pharmacological and non-pharmacological
interventions for pain self-management [16-18]. Non-pharmacological interventions aim
to help patients manage their pain and symptoms more effectively. It has been shown
that patients’ beliefs and previous knowledge have a great influence on the preventive
treatment of chronic pain. For this reason, health education has proven to be an effective
strategy for treating CM [19].

Health education refers to education provided by healthcare professionals with the
aim of equipping patients with the necessary knowledge to manage their disease, improve
their quality of life, and prevent complications. It also empowers patients with tools for
self-management, adaptation to their chronic condition, and coping strategies to achieve
maximum autonomy. Studies of chronic migraine (CM) patients have demonstrated that
education focused on pain neuroscience, the physiological and psychological aspects of
migraine, and a biopsychosocial approach—including relaxation techniques, lifestyle modi-
fications, sleep hygiene, diet education, exercise therapy, self-regulation, and relaxation—is
effective in the preventive management of migraine [19-21].

Telerehabilitation is the use of communication and technology to provide remote care
to patients. It can be performed in different modalities: synchronous, that is, simultane-
ously, or asynchronous, that is, the clinician can prescribe a treatment to the patient without
being present [22]. Telerehabilitation has the advantage of addressing multiple compo-
nents of health, including functional independence, self-care, and disease self-management,
providing patients with greater flexibility and accessibility to health services. Some disad-
vantages have also been identified, such as the fact that some patients may find it difficult
to use new technologies or that the therapeutic relationship may change. Its use has shown
positive clinical outcomes, leading to fewer emergency and physician visits, fewer hospital
admissions, shorter hospital stays, and lower costs. In addition, it enables rehabilitation
in remote geographic areas with limited services and a lack of access to physical therapy
services [23-25].

Despite existing solid evidence that therapeutic education can help manage pain
and prevent migraine episodes, most of the patients with CM receive only pharmacolog-
ical treatment [26-28]. For this reason, the main objective of this study was to analyze
whether adding a complementary telehealth education program (TTEP) to pharmacological
treatment leads to a greater reduction in headache frequency in patients with CM when
compared with a general health recommendation program.

2. Materials and Methods
2.1. Study Design

A randomized, double-blind, controlled pilot study with two parallel groups was
conducted. All patients received the standard treatment, which consisted of an onabo-
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tulinumtoxinA (BTX-A) injection. The patients only received BTX-A during the study
period. When necessary, they used NSAIDs, triptans, or a combination of NSAIDs as rescue
treatments. Both the intervention and control groups received identical study actions, with
the only difference being the specific intervention applied to the treatment group. This
ensured that any differences in outcomes were attributable to the intervention itself. Pa-
tients in the experimental group (EG) received an asynchronous TTEP, whereas those in the
control group (CG) received a program with general educational health recommendations.
The effects were compared within and between the groups.

The study followed the CONSORT guidelines for randomized pilot and feasibility
studies. All participants signed an informed consent form before their participation. The
Aragon Ethics Committee approved the study (P121/014).

This trial was registered on ClinicalTrials.gov (NCT04788667) and followed the clinical
practice principles of the Declaration of Helsinki. This study complied with the recom-
mendations for developing clinical trials regarding inclusion criteria, assessment measures,
and the statistical analysis of the guidelines created by the International Headache Society
(IHS) [28].

2.2. Study Participants

Patients were recruited at Lozano Blesa Clinic University Hospital in Zaragoza, Spain.
The inclusion criteria were as follows: (1) patients diagnosed with CM following the ICHD-
III criteria; (2) aged between 18-65 years; (3) migraine onset before the age of 50 years;
(4) had been diagnosed with CM for at least 1 year; (5) were being treated with BTX-A.
Exclusion criteria were as follows: (1) women who were pregnant or breastfeeding, or with
menstrual migraine and (2) patients with severe or unstable psychiatric pathology.

The neurology service informed patients who attended the headache service and met
the inclusion criteria about the project, and they signed the informed consent form.

The participants were assigned to the EG or CG in a 1:1 ratio via the www.randomizer.
org software. An independent researcher performed the randomization. The patients,
neurologists, and assessors were blinded to group allocation in this study.

2.3. Interventions

The intervention lasted a total of 8 weeks and was delivered via a telehealth application
(HEFORA app or web). Once the patients were recruited, they were called by the physical
therapists carrying out the intervention to help them register and install the application,
and to solve any questions related to the use of the HEFORA app/web platform, which was
used to provide the treatment and perform the patient assessment (through questionnaires).
The intervention was delivered via the HEFORA app, which provided educational content
and allowed for patient assessment through questionnaires. The experimental group (EG)
and the control group (CG) received the same number of video tutorials covering eight
key health topics: pain education, sleep and eating habits, physical exercise, postural
hygiene, relaxation techniques, and pain management. However, while the EG received
15 videos tailored explicitly to migraine management—covering topics such as migraine
neurophysiology and self-management strategies—the CG received general health recom-
mendations, without specific content related to migraine. The educational content for the
EG was self-designed by the authors based on the literature on health education for chronic
pain [29-38]. The content of these videos is summarized in more detail in Table 1.

During the intervention, patients were able to communicate directly with the re-
searcher via the app/web to clarify any doubts or problems that arose. The patients
watched one topic per week and the researcher checked each week that patients had com-
pleted the tests and videos. In cases of a lack of compliance, the researcher contacted them
to send them the questionnaires and reminded them to ensure they watched the videos
and completed the tests correctly.


www.randomizer.org
www.randomizer.org
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Table 1. Topics for the videos in health and pain education.

Video Topic Content

1 Pain neuroscience What is pain? How does it happen?

2 Pain neuroscience What is chronic pain and what are the implications of chronic pain?

3 Migraine What is migraine?

4 Migraine What is chronic migraine? Why does it happen?

5 Migraine Risk factors that may affect migraine attacks.

6 Pain management Non-drug strategies to reduce the number and intensity of seizures.

7 Sleeping habits Strategies to improve sleep quality and rest.

8 Eating habits General recommendations on eating habits

9 Eating habits Foods that can make migraine attacks better/worse.

10 Eating habits False myths about miracle diet; an(.:l which diets are effective in controlling
migraine attacks.

11 Physical exercise General exercise recommendations.

12 Physical exercise How to perform aerobic exercise.

13 Physical exercise How to perform strength-endurance exercise.

14 Postural hygiene Understanding posture and how it can affect migraines.

15 Relaxation techniques Effects of relaxation on pain and different relaxation strategies.

2.4. Outcome Measurements:

Baseline data, including age, gender, body mass index, and tobacco and coffee quan-
tity/day were collected. The primary outcome measure was the headache frequency
(days/month). Headache frequency included headache days with and without migraine
features in the last month. It was recorded using an electronic pain diary, created with
the HEFORA app. This pain diary also included some secondary outcomes, which were
migraine frequency (days/month)—a migraine day is defined as a day on which the
patient has symptoms for more than 4 h according to the ICDH III classification, or on
which the headache disappears within 2 h after taking specific migraine medication—and
headache intensity, which was measured on a 4-point scale (0 = no pain; 1 = mild headache;
2 = moderate headache; and 3 = severe headache). The average pain per month was
measured [5,28].

Rescue medication was carefully tracked and recorded throughout the study via the
pain diary. Headache frequency, migraine frequency, and headache intensity were recorded
for one month before the intervention (M0), one month after the start of the intervention
(M1), at the end of the intervention (M2), and one month after the end of the intervention
(1I-month follow-up) (M3).

The other secondary outcome measures were as follows:

The headache impact (HIT-6) consisted of 6 items and it was used to measure the
impact of headaches on patients’ functional abilities, work, school, and social situations.
Scores ranged from 36 to 78 points, with scores above 60 indicating very severe impact and
below 49 indicating low or no impact [38—40].

Cutaneous allodynia was measured with the Allodynia Symptom Checklist
(ASC-12). This scale quantifies cutaneous allodynia globally and is based on assessing
various clinical symptoms. It includes 12 questions on the frequency of various cutaneous
allodynia symptoms associated with a migraine attack. The score can range from 0 to 24
and is interpreted as follows: score 0-2 (no allodynia), score 3-5 (mild allodynia), score
6-8 (moderate allodynia), and Score > or = 9 (severe allodynia) [41].

Fear of movement, as measured by the Tampa Scale of Kinesiophobia (TSK-11), is a
self-administered 11-item fear of movement or injury scale. Patients should indicate the
level of agreement on a Likert scale ranging from 1 = strongly disagree to 4 = strongly agree.
High scores indicate a greater fear of movement [42].

Pain catastrophizing was assessed using the Pain Catastrophizing Scale (PCS), a
13-item scale in which the patient responds to each item on a 5-point Likert scale, ranging
from 0 = never to 4 = always. Scores range from 13 to 62 points, with low scores indicating
low catastrophizing and high scores indicating high catastrophizing [43].
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Chronic pain self-efficacy was measured with the Chronic Pain Self-Efficacy Scale
(PSEQ), which has 19 items, for which the respondent indicates the extent to which they
consider themselves capable of carrying out specific actions. The scale is answered on a
Likert scale ranging from 0 (= I see myself as totally incapable) to 10 (= I see myself as
totally capable). A high score indicates a high perception of self-efficacy [44].

Anxiety and depression levels were measured with the Hospital Anxiety and Depres-
sion Scale (HADS). This questionnaire consists of two subscales, each with 7 items that can
be rated on a Likert scale from 0 to 3. Anxiety are the odd items and depression the even
items, and the scores in each subscale range from 0-21. The higher the score, the higher the
anxiety and depression. The authors suggested that scores above eleven would indicate
“case” and above eight would be considered “probable case” in both subscales [45].

Sleep quality was measured with the Pittsburgh Sleep Quality Index (PSQI), which
uses 19 items to measure sleep quality, latency, duration, efficiency, sleep disturbances, and
daytime dysfunctions. The score ranges from 0 to 21, with 0 equaling no difficulty and
21 equaling severe sleep difficulty [46].

A sedentary lifestyle was measured using the short version of the IPAQ questionnaire,
which contains 7 questions on the frequency, duration, and intensity of physical activity
performed in the last seven days and time spent sitting at work. Three aspects are evaluated:
intensity, frequency, and duration. Based on the results obtained after calculating the
metabolic index units (METS), patients are classified according to their level of physical
activity: low, moderate, or high [47].

These secondary outcomes (headache impact, allodynia, fear of movement, catastro-
phizing, chronic pain self-efficacy, anxiety and depression, sleep quality, and sedentary
lifestyle) were determined through self-administered questionnaires in the HEFORA app
and were assessed three times: at baseline, before randomization; post-treatment (immedi-
ately after 8 weeks of intervention); and at 1-month follow-up.

2.5. Sample Size and Statistical Analysis

Following the recommendations for randomized controlled trial pilot studies, a sample
size of 50 participants, 25 participants per arm, was determined, considering 20% for
possible drop-outs [48,49].

The data were analyzed using the statistical software IBM SPSS Statistics Version
29.0 (SPSS Inc., Chicago, IL, USA). The normal distribution of the quantitative variables
was tested using the Shapiro-Wilk test. Descriptive statistics were expressed as mean
=+ standard deviation or median [interquartile range] for continuous parameters, and as
frequency (%) for categorical data. Baseline measurements were compared between groups
using the independent Student’s t-test, the Mann-Whitney U test, and the chi-square test.

Between- and within-intervention analyses were performed using one-way ANOVA
and mixed ANOVA, with Bonferroni post-hoc pairwise comparisons when a normal distri-
bution was found. Assuming a non-normal distribution, non-parametric analyses were
performed using the Mann-Whitney U test to compare interventions and the Friedman
test with the Tukey post-hoc test to highlight within-intervention differences. In addition,
the effect size was calculated using Cohen’s d coefficient and interpreted as small (d = 0.2),
medium (d = 0.5), or large (d > 0.8) [50]. The significance level was established at p < 0.05.
An intention-to-treat (ITT) procedure was carried out.

3. Results

Recruitment started in May 2022 and was completed by January 2024. In total, 50 pa-
tients were recruited. Two participants were excluded from the study because they did not
correctly complete the baseline data collection for personal reasons, and 48 patients who
met the selection criteria and completed the baseline data were randomly assigned to the
EG or CG (Figure 1).
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Figure 1. CONSORT flow diagram.

Both groups were similar at baseline for the different outcomes (Table 2).

There were differences between the groups in the primary endpoint, the headache
frequency, and in the one-month follow-up in favor of EG (p = 0.03; d = 0.681), with a
difference of 2.86 days (95% CI 0.28 to 5.43). Regarding the within-group analysis, the
number of headache days decreased in both groups, compared to the pre-intervention
measurement, and the differences were statistically significant (p < 0.05) in all comparisons,
except for the comparison between the baseline and month one for the CG (Tables 3 and 4).
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Table 2. Baseline demographic and clinical characteristics.

EG CG Between Groups-Differences
Age (years) (m £ SD) 4321 £7.35 43.15 + 11.19 0.984 ¥
Sex (% female) 95.83% 100% 0.356 %
BMI (kg/cm?)
4.16%% 0% 0.5712
Underweight (%) 58.33% 45.00%
Normal Weight (%) 29.16% 40.00%
Overweight (%) 8.33% 15.00%
Obesity (%)
Headache frequency (days/month) 18.87 + 5.14 18.55 + 3.94 0.818 ¥
Migraine frequency (days/month) 1579 £ 7.24 14.45 + 4.94 0.486 ¥
Migraine intensity
Mild (1) 35.09% 21.02%
0.502 % o o
Moderate (2) 36.42% 42.58%
Severe (3) 28.25% 36.11%
Smoking (% yes) 25.00% 25.00% 0.711%
Coffee (% yes) 70.83% 50.00% 0.450 %
Headache Impact Test (HIT-6) 64 (0-78) 0 (0-76) 0261
Cutaneous Allodynia (ASC-12) 4.5 (0-19) 11 (0-20) 0.27%
Tampa Scale of Kinesiophobia (TSK-11) 26.5 (18-44) 29 (17-44) 0591
Pain Catastrophizing Scale (PCS) 31.00 = 11.07 29.75 + 12.56 0.72*
Chronic pain self-efficacy scale 97.70 £ 30.75 93.80 £ 34.72 0.69 *
Anxiety (HADS) 9.54 +4.46 9.45 + 5.28 0.72*
Depression (HADS) 9 (1-21) 6 (1-21) 0.51%
Sleep disorders (PSQI) 12.54 + 4.99 12.50 + 4.38 0.57 *
IPAQ (METS/week) 883.5 (99-3306) 765.25 (198-9234) 0.85%

¥ Using independent ¢-test; z using chi-squared test; * using one-way ANOVA; ¥ using Mann-Whitney U test.

Table 3. Within group comparisons of the pain diary outcomes at baseline, one month after starting

the treatment, post-treatment, and follow-up.

Descriptive Data

Within-Group Effect

Baseline Month 1 Trel;(t)rilt;nt Follow-Up
Variable (M0) (M1 M2) (M3) M1 vs. MO M2 vs. M0 M3 vs. M0
Mean + SD Mean + SD Mean + SD Mean + SD
Median Median Median Median P Effect p Effect p Effect
(IQR) (IQR) (IQR) (IQR) Value Size Value Size Value Size
Brequency of 1887 £5.14 1408 £4.11 13754441 1254425 <0001 ¢ 1161 -
headache 18 (10-29) 14 (8-23) 13 (6-24) (13 (7-23) t 068  <0001" 1161  <0.0017 1489
(days of cq 18554394 16354373 15004309 1540+ 415 - b 1149 b oS
headache) 18 (12-25) 17 (11-27) 15 (9-21) 155(09-28) 00 : 0.002 . 0.013 :
Frequency of 1579 +£724  1083+506 10334622  10.66 =475 b 08 087 ¢ 108
migraine 15 (0-29) 105 (0-21) 10 (0-24) 10(5-23) <0001 : <0.001 : <0.001 :
(daysof = . 14454494 13854486 13354446 1270459 b o123 - © 0095
migraine) 13.5 (8-24) 13 (5-26) 13.5 (1-20) 13 (1v28) 0.999 ) 0.999 : 0.999 :
1634037 1704033 1.64 + 0.34 1.73 +0.33 ¢ oon F 002 .
Intensity of 155(12-27) 160 (13-25) 1.65(12-25) 173(12-25) 9% : 0.990 : 0.999 :
pain cq 1924033 1.80 % 0.30 1.75 + 0.40 1.85 & 0.39 . 04 - .
189 (12-24 187 (11-23) 166 (1.0-25) 193 (1.0-24) 310 : 0.290 : 0.990 :

* Using mixed-design ANOVA. Significant p-values and effect sizes are in bold.
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Table 4. Between-group comparison of the pain diary outcomes one month after starting the treatment,

post-treatment, and follow-up.

Between-Group Effects

Variable Month 1 (M1) Post-Treatment (M2) Follow-Up (M3)
p Value Effect Size p Value Effect Size p Value Effect Size
Frequency of migraine 0.065 * 0.578 0.290 * 0.328 0.030 * 0.681
(days of migraine)
Frequency of migraine 0.052 * 0.609 0.077 * 0.558 0.210 * 0.38
(days of migraine)
Intensity of pain 0.320 * 0.317 0.300 * 0.299 0.270 * 0.335

* Using one-way ANOVA. Significant p-values and effect sizes are in bold.

There were also between-group differences in chronic pain self-efficacy at post-treatment
(p =0.007; d = 0.885), with a difference of 23.55 points (95% CI —39.80 to —7.29), and at the
one-month follow-up (p < 0.001; d = 0.998), with a difference of 26.21 points (95% CI —41.69
to —10.74) (Table 4). There were also between-group differences in sleep quality at post-
treatment (3.45; 95% CI 0.77 to 6.13) (p = 0.013; d = 0.786) and at the one-month follow-up
(4.27;95% C1 1.86 to 6.67) (p < 0.001; d = 1.086) (Table 5). There were no differences between
the groups in the other outcomes assessed (p < 0.05).

Table 5. Within- and between-group comparison of the secondary outcomes at baseline, post-

treatment, and follow-up.

Descriptive Data

Within-Group Effects

Between-Group Effects

Baseline Post-Treatment Follow-Up  Post-Treatment vs. Follow-Up vs. Post-Treatment Follow-Up
Variable (Mean =+ SD) (Mean + SD) (Mean & SD) Pre-Treatment Pre-Treatment
Median Median (IQR) Median
Effect Effect Effect Effect
(IQR) (IQR) p Value Size p Value Size p Value Size p Value Size
pg 9BEITIL2 37.08 + 35.22 3658 £3508 0064 08708 0.078
Headache 64 (0-78) 56 (0-76) 50 (0-78) o0 ' : :
Impact Test 0.780 % 0.227 0.490 0.257
(HIT-6) cc Y7533 28.95 + 36.57 75543510 0033 02408 0.006
0 (0-76) 0 (0-78) 0 (0-78) : : : ’
pq 61247 487 +385 437 +3.62 )5 0325 15 o483
Cutaneous 45 (0-19) 3.5 (1-15) 3 (1-14) 0.00 ’ <0.00 )
Allodynia 0.190 ¥ 0.58 0.200 0.558
(ASC-12) cc BB E60 7.65 +5.73 6.80 + 5.11 01805 014 ; 0323
11 (0-20) 8.5 (0-20) 8 (0-17) S : 0.002 )
pq  2891£759 24.87 + 6.98 23.50 + 6.67 16 0.58 s omss
Tampa Scale 26.5 (18-44) 23.5 (15-40) 23(14-39) <000 : <0.001 :
Kinesiopho- 0972% 0.046 0.653 0.142
bia (TSK-11) g 2780856 25.20 + 7.27 24855740 0668 0358 15 0399
29 (17-44) 26.5 (15-37) 25.5 (14-38) : ) <0.00 ’
' pg  3L00E1107 23.45 + 8.58 22.70 + 9.04 " 0.88 i+ oe1s
Pain Catastro- 29,5 (13-49) 22 (12-42) 21 (1044 <000 - <0.00 :
phizing Scale 0.960 * 0.011 0.910 * 0.031
(PCS) cc D75 1256 23.35 + 10.05 2401034 ooolt o711
31 (10-52) 22 (9-42) 205844 ’ <0 :
128.16 +
97.70 +£30.75  123.75 £22.94
Chronic pain EG 2222 <0.001* 1.136 <0.001 1 1.371
self-efficacy 103 (21-154) 128 (68-170) 130 (72-172) 0.007* 0885  <0.001*  0.998
scale (PSE
(PSEQ) 93.80 +34.72  100.20 + 30.45 101.95 &
CcG 28.63 02911 0.24 0.006 0.285
99 (20-139) 107.5 (34-142) 110 (45-136)

* Using mixed-design ANOVA; § using Friedman test; * using one-way ANOVA; ¥ using Mann-Whitney U test.
Significant p-values and effect sizes are in bold.

In the within-group analyses, a statistically significant improvement in the frequency
of migraine was observed in the EG after 1 month (p < 0.001; d = 0.980), at post-treatment
(p <0.001; d = 0.878), and at follow-up (p < 0.001; d = 1.080). The CG did not change
significantly over time (p > 0.05) (Table 3). The EG also had statistically significant improve-
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ments in allodynia at post-treatment (p = 0.002, d = 0.325) and at the one-month follow-up
(p <0.001; d = 0.483); in kinesiophobia at post-treatment (p < 0.001; d = 0.580) and at the
one-month follow-up (p < 0.001; d = 0.713); and in anxiety at post-treatment (p < 0.001;
d = 0.915) and at the one-month follow-up (p < 0.001; d = 1.336). The CG only showed
significant improvements at the one-month follow-up for allodynia (p = 0.002; d = 0.323),
kinesiophobia (p < 0.001; d = 0.399), and anxiety (p = 0.045; d = 0.235) (Tables 5 and 6).

Table 6. Within- and between-group comparison of the secondary outcomes at baseline, post-
treatment, and follow-up.

Descriptive Data Within-Group Effects Between-Group Effects
Baseline Post-Treatment Follow-Up  Post-Treatment vs. Follow-Up vs. Post-Treatment Follow-Up
Variable (Mean + SD) (Mean =+ SD) (Mean + SD) Pre-Treatment Pre-Treatment
Median Median (IQR) Median Val Effect Val Effect Val Effect Val Effect
(IQR) (IQR) p Value Size p Value Size p value Size p value Size
pq 954 E446 6.54 4 3.28 6.00 = 2.65 ooolt 0915 oot 1336
Anxiety 9 (2-19) 65(1-13) 6a-ip < . s . 0083* 0538  0083* 0538
(HADS) G 9.45 4 5.28 8.95 + 5.60 8.20 & 5.33 - 0.089 0045+ 0235 ’ ’ ’ ’
8.5(2-19) 9.5 (1-20) 8.5 (1-19) ’ : : ’
pc 10164678 8.66 + 5.85 791 4542 0,018 0.256 00015 0415
. . <0. N
Depression 9(1-21) 7 (2-20) 7 (1-20) 0390% 015  0280% 0235
(HADS) G 9.20 4 7.11 7.70 4+ 6.59 6.55 + 6.21 00345 0.228 0.001 5 0.427 ’ ' ’ ’
6 (1-21) 5.5 (1-20) 4 (1-20) : ’ <0 )
pq 12544499 8.50 4 4.14 7.33 +£3.67 1t 097 L4 L2
Sleep 14 (4-19) 7.5 (2-16) 6.5 (2-15) <0.00 : <0.00 ’
disorders 0.013 * 0.786 <0.001 * 1.086
(PSQI) 12.50 + 4.38 11.95 + 4.67 11.60 + 4.23 . .
CG 0.573 0.118 0.213 0.213
13.5 (3-19) 13.5 (3-18) 12 (3-18)
1079.39 + 1420.45 + 1420.45 +
EG 884.44 73877 743.51 <0.001S 0462  <0.001S  0.459
IPA 883.5 1306.25 1306
(METS/% ecld) (99-3306) (99-3306) (99-3306) 0430+ 0.147 0410 % 0.149
1465.37 + 1627.75 + 1631.75 +
CG 1994.07 1927.10 1944.63 0.006 § 0.184 0.003 § 0.186
765.25 1005
(198-9234) 1005 (97-9234) 597 g3y

* Using mixed-design ANOVA; § using Friedman test; * using one-way ANOVA;  using Mann-Whitney U test.
Significant p-values and effect sizes are in bold.

Furthermore, both the EG and CG had statistically significant improvements over time
in pain catastrophizing at both post-treatment (p < 0.001, d = 0.880 for the EG; p < 0.001,
d = 0.918 for the CG) and at the one-month follow-up (p < 0.001, d = 0.637 for the EG;
p <0.001, d = 0.711 for the CG); in depression at both post-treatment (p = 0.018, d = 0.256
for the EG; p = 0.034, d = 0.228 for the CG) and at the one-month follow-up (p < 0.001,
d = 0.415 for the EG; p < 0.001, d = 0.427 for the CG); and in the level of physical activity at
both post-treatment (p < 0.001, d = 0.462 for the EG; p = 0.06, d = 0.184 for the CG) and at
the one-month follow-up (p < 0.001, d = 0.459 for the EG; p = 0.003, d = 0.186 for the CG)
(Tables 5 and 6). No significant changes were found in pain intensity or headache impact
for either group (p > 0.05) (Tables 4 and 5).

There were no differences between the groups with regard to the use of rescue medica-
tion (p > 0.05).

4. Discussion

This was the first study to analyze whether adding a TTEP to pharmacological treat-
ment could be a more effective approach to the reduction of headache frequency in patients
with CM, compared to a general health recommendation program. The analysis between
the groups seemed to indicate that the TTEP, which was used for the EG, was indeed pre-
liminarily more effective in reducing headache frequency and improving several secondary
outcomes, compared to the CG, who were receiving general health recommendations.
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It is important to note that there is no evidence in the literature of studies comparing
different types of education for migraine patients and integrating them into pharmaco-
logical treatment. Therefore, directly comparing our results with previous studies is not
feasible. However, some studies have compared pain neuroscience interventions that have
used general education or health recommendations for other disorders. For instance, a
systematic review by Lepri et al. found that specific pain neuroscience education is more
effective than general education in improving pain, disability, and psychosocial factors
in patients with chronic musculoskeletal pain and central sensitization [51]. Addition-
ally, Suso-Marti et al. reported that general education might not be specific enough to
significantly influence a patient’s pain experience. These findings were consistent with our
study’s results, which indicated improvements in headache frequency, pain self-efficacy,
and sleep quality in the EG receiving the tailored TTEP [52].

Regarding headache frequency, significant differences between the groups were found
in favor of the EG at the one-month follow-up. For migraine frequency, a significant
trend was also found in the EG one-month after the start of the intervention, with no
significant difference after treatment or in the follow-up. The systematic review by Minen
et al. showed that education in pain neuroscience and coping with pain has emerged as a
promising therapy, reducing headache and migraine days when used along with traditional
pharmacological treatments [29]. Our results were also consistent with Thakur’s study,
which reported a significant reduction in the frequency and intensity of migraine episodes
in patients who were provided with an online migraine educational video [53]. CM has
been associated with persistent cortical changes, including the anterior cingulate cortex
(ACCQ), anterior insula, and postcentral gyrus, which play a crucial role in the affective
perception of pain and are also associated with headache frequency [54-57]. The study by
Fedeli et al., in which patients with migraine were assigned to the mindfulness plus usual
care group or to the usual care group, also reported a significant reduction in headache
frequency (p = 0.028) and an increase in the functional connectivity of the nervous system
in the mindfulness group. This was due to changes primarily in the ACC through the
modulation of pain-processing areas [58]. These results can be related to ours, in which the
ACC could have been modulated by the cognitive and emotional skills learned through the
TTEP. These skills enable patients to better manage their pain, which could influence CCA
activity, thereby reducing headache frequency and perceived pain intensity and improving
their overall well-being [55].

Self-efficacy in managing chronic pain is crucial as it helps to reduce pain and improve
functionality. High self-efficacy is associated with better coping strategies, including better
emotional regulation. It has also been shown that people with effective coping strategies
are better able to control stress and anxiety. In this study, significant differences were found
between the groups after receiving education in coping strategies for chronic pain, both
after treatment and after a the one-month follow-up [59-61]. As mentioned above, the
CCA is involved in attention to pain and plays a key role in emotional pain regulation [62].
Increased self-efficacy may reduce the perceived threat of pain, which may decrease the
CCA’s activation in response to pain. Therefore, the improvements in self-efficacy achieved
in this study could have facilitated better regulation of the negative emotions associated
with pain, thereby modulating CCA activity. These findings were consistent with the study
by Bromberg et al., in which a web-based intervention on migraine, coping strategies, and
self-management techniques was conducted, and significant improvements in self-efficacy
and migraine frequency were achieved [63].

Regarding sleep quality, a significant improvement was observed in favor of the EG,
both post-treatment and at the one-month follow-up. These results could be relevant since
there is an association between poor sleep quality and migraine, as well as the frequency of
migraine attacks. In fact, 85.41% of patients in this study had sleep disturbances at baseline.
Other studies have shown the importance of modifying the factors of sleep habits that facil-
itate rest to improve the quality of life of migraine patients [64,65]. The results obtained in
the headache and migraine frequency outcomes may have contributed to the improvement
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in sleep quality. Also, the results related to anxiety, in which a significant trend was found
in the EG after treatment and at the one-month follow-up, may have improved sleep quality
by reducing stress and managing depression through the TTEP received, which included
techniques such as learning to cope with stressors, problem solving, lifestyle changes, and
exercise, in accordance with evidence-based recommendations [66,67].

Although there were no differences between the groups, the EG had significant im-
provements in cutaneous allodynia and kinesiophobia after treatment and at the one-month
follow-up. The CG also showed significant improvements in the same variables, but only
at the one-month follow-up. These results suggest that, while general health recommenda-
tions may have some impact, the TTEP provides a more targeted approach, which better
addresses the psychological and behavioral aspects of chronic migraine. Pain catastro-
phizing and cutaneous allodynia represent two risk factors for greater headache-related
disability [68,69]. Farris et al., who assigned patients to either 16 weeks of behavioral
weight loss therapy or migraine education, also found a significant reduction in pain catas-
trophizing and allodynia for both groups in both the post-treatment and follow-up [70]. The
changes in the CG may have been due to the fact that the CG also received general health
recommendations that, while not migraine-specific, may have had an impact on changing
the behavioral habits that led to the observed long-term improvements. These results
are consistent with the literature, where cognitive behavioral interventions for migraine
produce improvements in pain catastrophizing, although they do not directly target pain
catastrophizing. As in the study by Farris et al., our study also showed that the neuropsy-
chological aspects of pain sensitivity decrease after migraine education intervention, which
is a novel finding that needs to be investigated in future studies [63,70,71].

Both groups reported improvements in depression and physical activity after treatment
and at the one-month follow-up, although the EG showed a sizeable clinical effect after
treatment and at the one-month follow-up. These results are aligned with Kindelan-Calvo’s
review, which reported that, although therapeutic patient education appears to be an
effective tool for reducing the symptoms of depression, according to their findings, it
does not have much impact [21,72]. In contrast, Bromberg et al. found an improvement
in depression in the EG receiving a web-based intervention [63]. Coping with negative
cognitions or negative emotions (depression) are key factors that help people gain a sense
of control, and they are an important predictor of quality of life in people with migraine
headaches. The fact that both groups improved could have been because our study design
was a double-blind, placebo-controlled trial; it has been noted by various researchers in
the field of migraine that it is often complicated when testing a behavioral intervention
to create a “behavioral placebo”, as the Hawthorne effect may occur (improvement due
to being studied and receiving the researchers’ attention). Some participants may have
improved over time regardless of the intervention administered [73].

Despite finding differences between the groups in the primary outcome, this pilot
study had some limitations. One such limitation was the potential lack of power in
detecting differences in some secondary outcomes, as changes were observed over time in
the experimental group. However, significant differences between the groups were found
in chronic pain self-efficacy and sleep quality. Another possible reason for the absence
of group differences in other secondary outcomes could be the intervention’s limited
duration of eight weeks, which may not have been sufficient to produce a significant effect.
Additionally, adherence to the treatment was not measured. These limitations could be
addressed in a larger clinical trial, with an increased sample size, which may clarify whether
the observed effects in some secondary measures were real but undetected or whether the
intervention was effective only for certain outcomes.

5. Conclusions

This pilot study suggests that adding a complementary therapeutic telehealth educa-
tion program to the pharmacological treatment may be more effective in the preventive
treatment for migraine than providing general health recommendations. The addition of
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targeted education to the pharmacological treatment of CM appears to reduce headache
frequency, improve pain self-efficacy and sleep quality, and show a positive trend in im-
proving the number of migraine days experienced by patients. These findings highlight
the need for further research, with larger sample sizes to validate the effectiveness of this
approach. This study has paved the way for future research to better understand the critical
role of selecting the appropriate educational interventions for migraine patients.

Author Contributions: Conceptualization, P.C.-A. and P.H.; methodology, P.C.-A., PH. and C.J.-S,;
formal analysis, C.J.-S. and P.C.-A ; investigation, P.C.-A., PH. and CJ.-S.; resources, S.S.-L. and
M.PN.-P; data curation, C.J.-S. and P.C.-A.; writing—original draft preparation, PC.-A., PH., CJ.-
S., S.C. and B.C.-P;; writing—review and editing, P.C.-A., PH., C].-S,, S.C., S.S.-L., M.P.N.-P. and
B.C.-P; supervision, C.J.-S. and P.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Aragon Ethics Committee (protocol code PI21/014 and the date of
approval was 16 March 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.

12.

13.

14.

15.

Buse, D.C.; Fanning, K.M.; Reed, M.L.; Murray, S.; Dumas, PK.; Adams, A.M.; Lipton, R.B. Life With Migraine: Effects on
Relationships, Career, and Finances From the Chronic Migraine Epidemiology and Outcomes (CaMEO) Study. Headache 2019, 59,
1286-1299. [CrossRef] [PubMed]

Lipton, R.B.; Bigal, M.E.; Diamond, M.; Freitag, F; Reed, M.L.; Stewart, W.F. Migraine prevalence, disease burden, and the need
for preventive therapy. Neurology 2007, 68, 343-349. [CrossRef] [PubMed]

Buse, D.; Manack, A.; Serrano, D.; Reed, M.; Varon, S.; Turkel, C.; Lipton, R. Headache impact of chronic and episodic migraine:
Results from the American Migraine Prevalence and Prevention Study. Headache 2012, 52, 3-17. [CrossRef] [PubMed]

Steiner, T.].; Stovner, L.]J.; Katsarava, Z.; Lainez, ].M.; Lampl, C.; Lantéri-Minet, M.; Rastenyte, D.; de la Torre, E.R.; Tassorelli,
C.; Barré, J.; et al. The impact of headache in Europe: Principal results of the Eurolight project. J. Headache Pain 2014, 15, 31.
[CrossRef]

Burch, R.C.; Buse, D.C.; Lipton, R.B. Migraine: Epidemiology, Burden, and Comorbidity. Neurol. Clin. 2019, 37, 631-649.
[CrossRef]

Headache Classification Committee of the International Headache Society (IHS). The International Classification of Headache
Disorders, 3rd ed.; Cephalalgia; IHS: London, UK, 2018; Volume 38, pp. 1-211. [CrossRef]

Headache Classification Committee; Olesen, J.; Bousser, M.G.; Diener, H.C.; Dodick, D.; First, M.; Goadsby, PJ.; Gobel, H.; Lainez,
M.J.; Lance, ].W.; et al. New appendix criteria open for a broader concept of chronic migraine. Cephalalgia 2006, 26, 742-746.
[CrossRef]

Schwedt, T.J.; Larson-Prior, L.; Coalson, R.S.; Nolan, T.; Mar, S.; Ances, B.M.; Benzinger, T.; Schlaggar, B.L. Allodynia and
descending pain modulation in migraine: A resting state functional connectivity analysis. Pain Med. 2014, 15, 154-165. [CrossRef]
Manack, A.; Buse, D.C.; Serrano, D.; Turkel, C.C.; Lipton, R.B. Rates, predictors, and consequences of remission from chronic
migraine to episodic migraine. Neurology 2011, 76, 711-718. [CrossRef]

Seo, ].G.; Park, S.P. Significance of fatigue in patients with migraine. J. Clin. Neurosci. 2018, 50, 69-73. [CrossRef]

Kao, C.H.; Wang, S.J.; Tsai, C.E; Chen, S.P.; Wang, Y.F; Fuh, ].L. Psychiatric comorbidities in allodynic migraineurs. Cephalalgia
2014, 34, 211-218. [CrossRef]

Baykan, B.; Ekizoglu, E.; Karli, N.; Kocasoy-Orhan, E.; Zarifoglu, M.; Saip, S.; Siva, A.; Ertas, M. Characterization of Migraineurs
Having Allodynia: Results of a Large Population-based Study. Clin. J. Pain 2016, 32, 631-635. [CrossRef] [PubMed]

Lovati, C.; D’Amico, D.; Bertora, P.; Raimondi, E.; Rosa, S.; Zardoni, M.; Bussone, G.; Mariani, C. Correlation between presence of
allodynia and sleep quality in migraineurs. Neurol. Sci. 2010, 31 (Suppl. S1), S155-5158. [CrossRef] [PubMed]

Seo, ].G.; Park, S.P. Clinical significance of sensory hypersensitivities in migraine patients: Does allodynia have a priority on it?
Neurol. Sci. 2019, 40, 393-398. [CrossRef]

Bigal, M.E.; Ashina, S.; Burstein, R.; Reed, M.L.; Buse, D.; Serrano, D.; Lipton, R.B.; AMPP Group. Prevalence and characteristics
of allodynia in headache sufferers: A population study. Neurology 2008, 70, 1525-1533. [CrossRef] [PubMed]


https://doi.org/10.1111/head.13613
https://www.ncbi.nlm.nih.gov/pubmed/31407321
https://doi.org/10.1212/01.wnl.0000252808.97649.21
https://www.ncbi.nlm.nih.gov/pubmed/17261680
https://doi.org/10.1111/j.1526-4610.2011.02046.x
https://www.ncbi.nlm.nih.gov/pubmed/22106869
https://doi.org/10.1186/1129-2377-15-31
https://doi.org/10.1016/j.ncl.2019.06.001
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1111/j.1468-2982.2006.01172.x
https://doi.org/10.1111/pme.12267
https://doi.org/10.1212/WNL.0b013e31820d8af2
https://doi.org/10.1016/j.jocn.2018.01.032
https://doi.org/10.1177/0333102413505238
https://doi.org/10.1097/AJP.0000000000000301
https://www.ncbi.nlm.nih.gov/pubmed/26379076
https://doi.org/10.1007/s10072-010-0317-2
https://www.ncbi.nlm.nih.gov/pubmed/20464610
https://doi.org/10.1007/s10072-018-3661-2
https://doi.org/10.1212/01.wnl.0000310645.31020.b1
https://www.ncbi.nlm.nih.gov/pubmed/18427069

J. Clin. Med. 2024, 13, 6825 13 of 15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Diener, H.C.; Solbach, K.; Holle, D.; Gaul, C. Integrated care for chronic migraine patients: Epidemiology, burden, diagnosis and
treatment options. Clin. Med. 2015, 15, 344-350. [CrossRef]

Peres, MLE,; Silberstein, S.; Moreira, F,; Corchs, F; Vieira, D.S.; Abraham, N.; Gebeline-Myers, C. Patients’ preference for migraine
preventive therapy. Headache 2007, 47, 540-545. [CrossRef]

D’Amico, D.; Solari, A.; Usai, S.; Santoro, P.; Bernardoni, P; Frediani, F.; De Marco, R.; Massetto, N.; Bussone, G.; Progetto Cefalee
Lombardia Group. Improvement in quality of life and activity limitations in migraine patients after prophylaxis. A prospective
longitudinal multicentre study. Cephalalgia 2006, 26, 691-696. [CrossRef]

Probyn, K.; Bowers, H.; Mistry, D.; Caldwell, E; Underwood, M.; Patel, S.; Sandhu, H.K.; Matharu, M.; Pincus, T.; CHESS Team.
Non-pharmacological self-management for people living with migraine or tension-type headache: A systematic review including
analysis of intervention components. BM] Open 2017, 7, €016670. [CrossRef] [PubMed]

Aguirrezabal, I.; Pérez de San Roman, M.S.; Cobos-Campos, R.; Orruiio, E.; Goicoechea, A.; Martinez de la Eranueva, R.; Arroniz,
M.; Uzquiza, E. Effectiveness of a primary care-based group educational intervention in the management of patients with
migraine: A randomized controlled trial. Prim. Health Care Res. Dev. 2019, 20, e155. [CrossRef]

Kindelan-Calvo, P.; Gil-Martinez, A.; Paris-Alemany, A.; Pardo-Montero, J.; Mufioz-Garcia, D.; Angulo-Diaz-Parrefio, S.; La
Touche, R. Effectiveness of therapeutic patient education for adults with migraine. A systematic review and meta-analysis of
randomized controlled trials. Pain Med. 2014, 15, 1619-1636. [CrossRef]

Baroni, M.P; Jacob, M.EA; Rios, WR.; Fandim, J.V.; Fernandes, L.G.; Chaves, P.I; Fioratti, I.; Saragiotto, B.T. The state of the art in
telerehabilitation for musculoskeletal conditions. Arch. Physiother. 2023, 13, 1. [CrossRef] [PubMed]

Wallace, L.M.; Falla, D.; Rushton, A.; Heneghan, N.R. Group and individual telehealth for chronic musculoskeletal pain: A
scoping review. Musculoskelet. Care 2022, 20, 245-258. [CrossRef] [PubMed]

Cho, H.; You, S.B.; Hodgson, N.; Massimo, L.; Demiris, G. Characteristics of Telehealth Interventions for Adult Patients with
Chronic Pain and Family Care Partners. Telemed. ]. Health 2024, 30, 1239-1261. [CrossRef] [PubMed]

Fatoye, F.; Gebrye, T.; Fatoye, C.; Mbada, C.E.; Olaoye, M.I; Odole, A.C.; Dada, O. The Clinical and Cost-Effectiveness of
Telerehabilitation for People With Nonspecific Chronic Low Back Pain: Randomized Controlled Trial. JMIR Mhealth Uhealth 2020,
8, €15375. [CrossRef] [PubMed] [PubMed Central]

Holroyd, K.A.; Cottrell, CK.; O’'Donnell, E]J.; Cordingley, G.E.; Drew, J.B.; Carlson, B.W.; Himawan, L. Effect of preventive
(beta blocker) treatment, behavioural migraine management, or their combination on outcomes of optimised acute treatment in
frequent migraine: Randomised controlled trial. BMJ 2010, 341, c4871. [CrossRef] [PubMed]

Minen, M.; Shome, A.; Halpern, A ; Tishler, L.; Brennan, K.C.; Loder, E.; Lipton, R.; Silbersweig, D. A migraine management train-
ing program for primary care providers: An overview of a survey and pilot study findings, lessons learned, and considerations
for further research. Headache 2016, 56, 725-740. [CrossRef] [PubMed]

Tfelt-Hansen, P.; Pascual, J.; Ramadan, N.; Dahlof, C.; D’Amico, D.; Diener, H.C.; Hansen, J.M.; Lanteri-Minet, M.; Loder, E.;
McCrory, D.; et al. Guidelines for controlled trials of drugs in migraine: Third edition. A guide for investigators. Cephalalgia 2012,
32, 6-38. [CrossRef]

Minen, M.T.,; Kaplan, K.; Akter, S.; Espinosa-Polanco, M.; Guiracocha, J.; Khanns, D.; Corner, S.; Roberts, T. Neuroscience
Education as Therapy for Migraine and Overlapping Pain Conditions: A Scoping Review. Pain Med. 2021, 22, 2366-2383.
[CrossRef]

Hernando-Requejo, V.; Judrez-Torrejon, N.; Huertas-Gonzalez, N. Factores nutricionales asociados a la migrafia [Nutritional
factors associated with migraine]. Nutr. Hosp. 2022, 39, 69-73. (In Spanish) [CrossRef]

Hindiyeh, N.A.; Zhang, N.; Farrar, M.; Banerjee, P.; Lombard, L.; Aurora, S.K. The Role of Diet and Nutrition in Migraine Triggers
and Treatment: A Systematic Literature Review. Headache 2020, 60, 1300-1316. [CrossRef]

Tiseo, C.; Vacca, A.; Felbush, A.; Filimonova, T.; Gai, A.; Glazyrina, T.; Hubalek, I.A.; Marchenko, Y.; Overeem, L.H.; Piroso, S.;
et al. Migraine and sleep disorders: A systematic review. J. Headache Pain 2020, 21, 126. [CrossRef] [PubMed]

Khorsha, F.; Mirzababaei, A.; Togha, M.; Mirzaei, K. Association of drinking water and migraine headache severity. . Clin.
Neurosci. Off. ]. Neurosurg. Soc. Australas. 2020, 77, 81-84. [CrossRef] [PubMed]

La Touche, R.; Fierro-Marrero, J.; Sanchez-Ruiz, I.; de Rivera-Romero, B.R.; Cabrera-Lopez, C.D.; Lerma-Lara, S.; Requejo-Salinas,
N.; de Asis-Fernandez, F; Elizagaray-Garcia, I.; Fernandez-Carnero, J.; et al. Prescription of therapeutic exercise in migraine, an
evidence-based clinical practice guideline. J. Headache Pain 2023, 24, 68. [CrossRef]

Woldeamanuel, Y.W.; Oliveira, A.B.D. What is the efficacy of aerobic exercise versus strength training in the treatment of migraine?
A systematic review and network meta-analysis of clinical trials. J. Headache Pain 2022, 23, 134. [CrossRef]

Carvalho, G.F; Schwarz, A.; Szikszay, T.M.; Adamczyk, W.M.; Bevilaqua-Grossi, D.; Luedtke, K. Physical therapy and migraine:
Musculoskeletal and balance dysfunctions and their relevance for clinical practice. Braz. J. Phys. Ther. 2020, 24, 306-317. [CrossRef]
Begasse de Dhaem, O.; Bernstein, C. Yoga for Migraine Prevention: An Ancient Practice with Evidence for Current Use. Curr.
Pain Headache Rep. 2024, 28, 383-393. [CrossRef]

Schachtel, B.P.; Thoden, W.R.; Konerman, J.P.; Brown, A.; Chaing, D.S. Headache pain model for assessing and comparing the
efficacy of over-the-counter analgesic agents. Clin. Pharmacol. Ther. 1991, 50, 322-329. [CrossRef]

Sauro, K.M.; Rose, M.S.; Becker, W.J.; Christie, S.N.; Giammarco, R.; Mackie, G.E,; Eloff, A.G.; Gawel, M.]. HIT-6 and MIDAS as
measures of headache disability in a headache referral population. Headache 2010, 50, 383-395. [CrossRef] [PubMed]


https://doi.org/10.7861/clinmedicine.15-4-344
https://doi.org/10.1111/j.1526-4610.2007.00757.x
https://doi.org/10.1111/j.1468-2982.2005.01094.x
https://doi.org/10.1136/bmjopen-2017-016670
https://www.ncbi.nlm.nih.gov/pubmed/28801425
https://doi.org/10.1017/S1463423619000720
https://doi.org/10.1111/pme.12505
https://doi.org/10.1186/s40945-022-00155-0
https://www.ncbi.nlm.nih.gov/pubmed/36597130
https://doi.org/10.1002/msc.1594
https://www.ncbi.nlm.nih.gov/pubmed/34668312
https://doi.org/10.1089/tmj.2023.0514
https://www.ncbi.nlm.nih.gov/pubmed/38112565
https://doi.org/10.2196/15375
https://www.ncbi.nlm.nih.gov/pubmed/32357128
https://pmc.ncbi.nlm.nih.gov/articles/PMC7381065
https://doi.org/10.1136/bmj.c4871
https://www.ncbi.nlm.nih.gov/pubmed/20880898
https://doi.org/10.1111/head.12803
https://www.ncbi.nlm.nih.gov/pubmed/27037903
https://doi.org/10.1177/0333102411417901
https://doi.org/10.1093/pm/pnab131
https://doi.org/10.20960/nh.04316
https://doi.org/10.1111/head.13836
https://doi.org/10.1186/s10194-020-01192-5
https://www.ncbi.nlm.nih.gov/pubmed/33109076
https://doi.org/10.1016/j.jocn.2020.05.034
https://www.ncbi.nlm.nih.gov/pubmed/32446809
https://doi.org/10.1186/s10194-023-01571-8
https://doi.org/10.1186/s10194-022-01503-y
https://doi.org/10.1016/j.bjpt.2019.11.001
https://doi.org/10.1007/s11916-024-01234-6
https://doi.org/10.1038/clpt.1991.143
https://doi.org/10.1111/j.1526-4610.2009.01544.x
https://www.ncbi.nlm.nih.gov/pubmed/19817883

J. Clin. Med. 2024, 13, 6825 14 of 15

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Yang, M.; Rendas-Baum, R.; Varon, S.F,; Kosinski, M. Validation of the Headache Impact Test (HIT-6™) across episodic and
chronic migraine. Cephalalgia 2011, 31, 357-367. [CrossRef]

Lipton, R.B; Bigal, M.E.; Ashina, S.; Burstein, R.; Silberstein, S.; Reed, M.L.; Serrano, D.; Stewart, WE; American Migraine
Prevalence Prevention Advisory Group. Cutaneous allodynia in the migraine population. Ann. Neurol. 2008, 63, 148-158.
[CrossRef]

Gomez-Pérez, L.; Lopez-Martinez, A.E.; Ruiz-Parraga, G.T. Psychometric Properties of the Spanish Version of the Tampa Scale for
Kinesiophobia (TSK). J. Pain 2011, 12, 425-435. [CrossRef] [PubMed]

Garcia Campayo, J.; Rodero, B.; Alda, M.; Sobradiel, N.; Montero, J.; Moreno, S. Validacién de la version espafiola de la escala de
la catastrofizacion ante el dolor (Pain Catastrophizing Scale) en la fibromialgia [Validation of the Spanish version of the Pain
Catastrophizing Scale in fibromyalgia]. Med. Clin. 2008, 131, 487-492. [CrossRef] [PubMed]

Aragon, M.; Roig, L. Percepcion de autoeficacia en dolor crénico. Adaptacion y validacion de la chronic pain selfefficacy scale.
Rev. Psicol. SALUD 1999, 11, 51-76.

Terol-Cantero, M.C.; Cabrera-Perona, V.; Martin-Aragén, M. Revision de estudios de la Escala de Ansiedad y Depresion
Hospitalaria (HAD) en muestras espafiolas. Anal. Psychol. 2020, 31, 494-503. [CrossRef]

Buysse, D.J.; Reynolds, C.F, 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A new instrument
for psychiatric practice and research. Psychiatry Res. 1989, 28, 193-213. [CrossRef] [PubMed]

Mantilla Toloza, S.C.; Gémez Conesa, A. El Cuestionario Internacional de Actividad Fisica. Un instrumento adecuado para el
seguimiento de la actividad fisica poblacional. Rev. Iberoam. Fisioter. Kinesol 2007, 10, 48-52.

Whitehead, A.L.; Julious, S.A.; Cooper, C.L.; Campbell, M.]. Estimating the sample size for a pilot randomised trial to minimise
the overall trial sample size for the external pilot and main trial for a continuous outcome variable. Stat. Methods Med. Res. 2016,
25,1057-1073. [CrossRef] [PubMed]

Browne, R.H. On the use of a pilot sample for sample size determination. Stat. Med. 1995, 14, 1933-1940. [CrossRef]

Cohen, ]. Statistical Power Analysis for the Behavioral Science, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988.
Lepri, B.; Romani, D.; Storari, L.; Barbari, V. Effectiveness of Pain Neuroscience Education in Patients with Chronic Musculoskeletal
Pain and Central Sensitization: A Systematic Review. Int. |. Environ. Res. Public Health 2023, 20, 4098. [CrossRef]

Suso-Marti, L.; Cuenca-Martinez, F.; Alba-Quesada, P.; Mufioz-Alarcos, V.; Herranz-Gémez, A.; Varangot-Reille, C.; Dominguez-
Navarro, F; Casana, J. Effectiveness of Pain Neuroscience Education in Patients with Fibromyalgia: A Systematic Review and
Meta-Analysis. Pain Med. 2022, 23, 1837-1850. [CrossRef]

Thakur, E.; Recober, A.; Turvey, C.; Dindo, L.N. Benefits of an on-line migraine education video for patients with co-occurring
migraine and depression. J. Psychosom. Res. 2018, 112, 47-52. [CrossRef] [PubMed]

Ashina, H.; Al-Khazali, H.M.; Zhang, Y.; Tolnai, D.; Poulsen, A.H.; Cagol, A.; Hadjikhani, N.; Granziera, C.; Amin, EM.; Ashina,
M_; et al. Differences in Cortical Morphology in People With and Without Migraine. Neurology 2024, 102, e209305.

Ou, Y,; Ni, X,; Gao, X,; Yu, Y.; Zhang, Y.; Wang, Y.; Liu, J.; Yin, Z.; Rong, J.; Sun, M.; et al. Structural and functional changes of
anterior cingulate cortex subregions in migraine without aura: Relationships with pain sensation and pain emotion. Cereb. Cortex
2024, 34, bhae040. [CrossRef] [PubMed]

Taylor, K.S.; Seminowicz, D.A.; Davis, K.D. Two systems of resting state connectivity between the insula and cingulate cortex.
Hum. Brain Mapp. 2009, 30, 2731-2745. [CrossRef] [PubMed]

Matsushita, M.; Ikeda, M.; Okado, N. The cells of origin of the trigeminothalamic, trigeminospinal and trigeminocerebellar
projections in the cat. Neuroscience 1982, 7, 1439-1454. [CrossRef]

Fedeli, D.; Ciullo, G.; Demichelis, G.; Medina Carrion, J.P.; Bruzzone, M.G.; Ciusani, E.; Erbetta, A.; Ferraro, S.; Grisoli, M.;
Guastafierro, E.; et al. Longitudinal neurofunctional changes in medication overuse headache patients after mindfulness practice
in a randomized controlled trial (the MIND-CM study). J. Headache Pain 2024, 25, 97. [CrossRef]

French, D.J.; Holroyd, K.A.; Pinell, C.; Malinoski, P.T.; O'Donnell, F.; Hill, K.R. Perceived self-efficacy and headache-related
disability. Headache 2000, 40, 647-656. [CrossRef]

Noser, A.E; Gibler, R.C.; Ramsey, R.R.; Wells, R.E.; Seng, E.K.; Hommel, K.A. Digital headache self-management interventions for
patients with a primary headache disorder: A systematic review of randomized controlled trials. Headache 2022, 62, 1105-1119.
[CrossRef]

Joypaul, S.; Kelly, F; McMillan, S.S.; King, M.A. Multi-disciplinary interventions for chronic pain involving education: A
systematic review. PLoS ONE 2019, 14, e0223306. [CrossRef] [PubMed]

Bushnell, M.C.; Ceko, M.; Low, L.A. Cognitive and emotional control of pain and its disruption in chronic pain. Nat. Rev. Neurosci.
2013, 14, 502-511. [CrossRef]

Bromberg, J.; Wood, M.E.; Black, R.A.; Surette, D.A.; Zacharoff, K.L.; Chiauzzi, E.J. A randomized trial of a web-based intervention
to improve migraine self-management and coping. Headache 2012, 52, 244-261. [CrossRef]

Faubion, S.S.; Ghaith, S.; Kling, ].M.; Mara, K.; Enders, F; Starling, A.J.; Kapoor, E. Migraine and sleep quality: Does the
association change in midlife women? Menopause 2023, 30, 376-382. [CrossRef]

Curro, C.T.; Ciacciarelli, A.; Vitale, C.; La Spina, P.; Toscano, A.; Vita, G.; Trimarchi, G.; Silvestri, R.; Autunno, M. Sleep and
sleep-modifying factors in chronic migraine patients during the COVID-19 lockdown. Neurol. Sci. 2022, 43, 6639-6655. [CrossRef]
Haghdoost, F.; Togha, M. Migraine management: Non-pharmacological points for patients and health care professionals. Open
Med. 2022, 17, 1869-1882. [CrossRef] [PubMed]


https://doi.org/10.1177/0333102410379890
https://doi.org/10.1002/ana.21211
https://doi.org/10.1016/j.jpain.2010.08.004
https://www.ncbi.nlm.nih.gov/pubmed/20926355
https://doi.org/10.1157/13127277
https://www.ncbi.nlm.nih.gov/pubmed/19007576
https://doi.org/10.6018/analesps.31.2.172701
https://doi.org/10.1016/0165-1781(89)90047-4
https://www.ncbi.nlm.nih.gov/pubmed/2748771
https://doi.org/10.1177/0962280215588241
https://www.ncbi.nlm.nih.gov/pubmed/26092476
https://doi.org/10.1002/sim.4780141709
https://doi.org/10.3390/ijerph20054098
https://doi.org/10.1093/pm/pnac077
https://doi.org/10.1016/j.jpsychores.2018.06.012
https://www.ncbi.nlm.nih.gov/pubmed/30097135
https://doi.org/10.1093/cercor/bhae040
https://www.ncbi.nlm.nih.gov/pubmed/38342690
https://doi.org/10.1002/hbm.20705
https://www.ncbi.nlm.nih.gov/pubmed/19072897
https://doi.org/10.1016/0306-4522(82)90256-1
https://doi.org/10.1186/s10194-024-01803-5
https://doi.org/10.1046/j.1526-4610.2000.040008647.x
https://doi.org/10.1111/head.14392
https://doi.org/10.1371/journal.pone.0223306
https://www.ncbi.nlm.nih.gov/pubmed/31577827
https://doi.org/10.1038/nrn3516
https://doi.org/10.1111/j.1526-4610.2011.02031.x
https://doi.org/10.1097/GME.0000000000002149
https://doi.org/10.1007/s10072-022-06378-0
https://doi.org/10.1515/med-2022-0598
https://www.ncbi.nlm.nih.gov/pubmed/36475060

J. Clin. Med. 2024, 13, 6825 15 of 15

67.
68.

69.

70.

71.

72.

73.

Buse, D.C.; Andrasik, F. Behavioral medicine for migraine. Neurol. Clin. 2009, 27, 445-465. [CrossRef]

Burstein, R.; Yarnitsky, D.; Goor-Aryeh, L; Ransil, B.J.; Bajwa, Z.H. An association between migraine and cutaneous allodynia.
Ann. Neurol. 2000, 47, 614-624. [CrossRef] [PubMed]

Quartana, P.J.; Campbell, C.M.; Edwards, R.R. Pain catastrophizing: A critical review. Expert. Rev. Neurother. 2009, 9, 745-758.
[CrossRef] [PubMed]

Farris, S.G.; Thomas, ].G.; Kibbey, M.M.; Pavlovic, ].M.; Steffen, K.J.; Bond, D.S. Treatment effects on pain catastrophizing and
cutaneous allodynia symptoms in women with migraine and overweight/obesity. Health Psychol. Off. ]. Div. Health Psychol. Am.
Psychol. Assoc. 2020, 39, 927-933. [CrossRef]

Seng, E.K.; Holroyd, K.A. Behavioral migraine management modifies behavioral and cognitive coping in people with migraine.
Headache 2014, 54, 1470-1483. [CrossRef]

Martin, P.R.; Nathan, PR.; Milech, D.; van Keppel, M. Cognitive therapy vs. self-management training in the treatment of chronic
headaches. Br. J. Clin. Psychol. 1989, 28, 347-361.

Rains, J.C.; Penzien, D.B.; McCrory, D.C.; Gray, R.N. Behavioral headache treatment: History, review of the empirical literature,
and methodological critique. Headache 2005, 45 (Suppl. S2), S92-5109. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ncl.2009.01.003
https://doi.org/10.1002/1531-8249(200005)47:5%3C614::AID-ANA9%3E3.0.CO;2-N
https://www.ncbi.nlm.nih.gov/pubmed/10805332
https://doi.org/10.1586/ern.09.34
https://www.ncbi.nlm.nih.gov/pubmed/19402782
https://doi.org/10.1037/hea0000920
https://doi.org/10.1111/head.12426
https://doi.org/10.1111/j.1526-4610.2005.4502003.x
https://www.ncbi.nlm.nih.gov/pubmed/15921506

	Introduction 
	Materials and Methods 
	Study Design 
	Study Participants 
	Interventions 
	Outcome Measurements: 
	Sample Size and Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

