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Abstract

:

One of the treatment methods used in chronic migraine is OnabotulinumtoxinA. The effects of OnabotulinumtoxinA on headache intensity (HI) and number of monthly headache days (NMHD) in chronic migraine (CM) patients classified according to neck disability levels are unknown. Our aim was to investigate the effect of OnabotulinumtoxinA on the HI and the NMHD in individuals with CM with different levels of neck disability. One hundred sixteen patients were enrolled in the study. The OnabotulinumtoxinA protocol was administered as per Follow-the-Pain PREEMPT. The Neck Disability Index was used to evaluate neck disability. Primary outcome measures were headache intensity, assessed with the Visual Analogue Scale, and the number of monthly headache days recorded from patients’ diaries. Secondary outcome measures were migraine disability, assessed with the Migraine Disability Assessment Test, and quality-of-life, assessed with the Headache Impact Test-6. All assessments were made at baseline and end of the treatment. The OnabotulinumtoxinA treatment showed a greater improvement effect in the number of monthly headache days (p = 0.000) and migraine disability (p = 0.000) parameters in the severe and complete disability groups. CM patients with complete and severe neck disability received the most benefit in reducing the NMHD at 3 months after OnabotulinumtoxinA treatment, but the HI decreased at a similar level in all neck disability groups.
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Key Contribution: This article emphasizes preventing the transition of neck disability from moderate to severe in order for chronic migraine patients to benefit from treatment. Therefore, this finding may be an important marker for detecting neck disability for physicians and physiotherapists in chronic migraine patients at early levels before it progresses.










1. Introduction


In chronic migraine (CM), which is among the primary headaches [1], secondary pain complaints such as neck pain (NP) that patients experience together with headaches have attracted the attention of researchers in recent years [2,3,4,5,6,7,8,9,10,11,12]. It is a matter of increasing curiosity among researchers as the trigeminal and cervical afferents at the trigeminocervical junction combine to perceive pain in the head and neck regions, and the process is addressed not only in the head region but also in the neck region [2,3].



Nociceptive stimuli from the dura mater and cervical region, when combined with secondary neurons in the trigeminocervical complex, cause a series of activations as a result of long-term stimulation of the caudal nucleus of the trigeminal nerve. This activation is considered an important point in the relationship between migraine and neck pain [13,14]. Continuing the activation for a long time can make the condition chronic and cause neck disorders such as pain or disability to become more severe [13,14,15]. The results of a cross-sectional study reported that NP was twice as common in patients with CM patients compared to episodic migraine [15]. When the parameters in the Neck Disability Index (NDI), which assesses neck disability and includes postural adjustments in daily life [16], are examined, the neck disability level increases as the impairment in activities such as driving, personal care, weight lifting, or reading increases [15]. In literature studies, the reasons for neck disability for CM have been questioned, and it has been stated that the cervical spine has less mobility without any difference in muscle activity, and craniocervical test endurance performance and neck movement speed in activities are lower [17,18,19]. According to the results of a hospital-based clinical study, an average 2 cm increase in headache intensity in CM patients with mild neck disability in the NDI could result in complete neck disability. In CM patients with moderate neck disability levels, it has been found that an average 1 cm increase in headache intensity can cause complete neck disability [20]. Therefore, evaluating patients in clinics in terms of neck disability may shed light on how much changes in headache intensity may affect neck disability.



OnabotulinumtoxinA is a drug with proven effectiveness used in the preventive treatment of CM by inhibiting glutamate A and P substances and preventing sensitivity with the calcitonin gene-related peptide secreted from active sensory nerves [21,22,23]. OnabotulinumtoxinA is recommended by the European Headache Federation [24]. According to the usage algorithm, onabotulinumtoxinA application is injected into a total of 31–39 areas (155 U–195 U for head and neck muscles), with 5 U in each area, every 12 weeks [25,26]. In a clinical study using this algorithm, neck and headache intensity, neck disability, and migraine disability decreased significantly in the third month after OnabotulinumtoxinA application in CM patients. In addition, the number of monthly headache days decreased from 20 to 6 [27]. Investigating the effects of the methods used in the treatment of CM on NP or disability, the intensity of headache, and the number of headache days per month will be useful for clinicians and researchers in predicting the patient’s condition.



To our knowledge, there is no study investigating the effect of OnabotulinumtoxinA treatment on headache intensity and number of monthly headache days in patients with CM classified according to neck disability. Therefore, in this study, we aim to contribute to the literature to elucidate the relationship between CM and NP by investigating the effect of OnabotulinumtoxinA on the intensity of headache and the number of headache days in individuals with CM with different levels of neck disability.




2. Results


A total of 116 individuals, 106 women (91.38%) and 10 men (8.62%), were included in the study. Individuals were grouped as mild, moderate, severe, and complete disability according to their neck disability levels. The number of individuals in these groups was 15, 22, 44, and 35, respectively. All groups were similar in terms of demographic characteristics (p < 0.05) (Table 1).



The intensity of headache, number of monthly headache days, migraine disability, and quality of life showed significant improvement in each group after the OnabotulinumtoxinA treatment [p = 0.000]. As a result of intergroup comparisons, a difference was seen in headache intensity as the primary outcome measure, migraine disability and quality of life as the secondary outcome measures before the OnabotulinumtoxinA treatment, and in the number of monthly headache days as the primary outcome measure after the OnabotulinumtoxinA intervention. Groups with differences were highlighted in Table 2.



It was examined which group showed a greater healing effect after OnabotulinumtoxinA intervention with the evaluated parameters. In this examination, the improvement in the intensity of headache and quality of life was similar between groups. The groups had different extents of improvement in the number of monthly headache days and migraine disability. OnabotulinumtoxinA intervention had a greater improvement effect in these parameters in the severe and complete disability groups (Table 3).




3. Discussion


This retrospective study aimed to investigate the effect of OnabotulinumtoxinA, used in the preventive treatment of CM, on headache intensity and the number of headache days in individuals with CM with different neck disability levels. Our hypothesis was partially confirmed. In the third-month results after OnabotulinumtoxinA application, when the patients were divided into groups according to their neck disability levels, the greatest improvement in the number of monthly headache days, which is one of the primary outcome measures, was in the complete and severe disability groups, respectively. However, headache intensity decreased to a similar level in almost all neck disability groups. While the greatest improvement in migraine disability, which is one of the secondary outcome measures, was found to be significant in the complete and severe disability groups, respectively, there was no difference between the groups in terms of improvement in the quality of life.



Neck disability is known as a parameter that evaluates posture-related impairments in daily activities in patients with NP in clinics. Neck pain and disability, which are among the complaints of migraine patients in the pain process in which the trigeminocervical junction plays a role, is a situation that should be questioned by physicians and physiotherapists, especially in the chronic process, and the treatment and rehabilitation process should be addressed quickly. The NDI, which is the golden evaluation parameter of a neck disability, has items that evaluate neck and headache intensity impairment in daily postural activities such as reading, lifting, working, and driving [16]. Considering the parameters included in the NDI, it is recommended to evaluate migraine patients with neck pain to determine their disability in daily living activities [28]. Florencio et al.’s study determined that neck disability was associated with migraine attacks. The fact that the parameters in which migraine patients experience the most disability in the NDI are headache, reading, and lifting activities, respectively, reveals that as the intensity of the attacks increases, the intensity of neck problems and, therefore, the deterioration in daily postural activities increases [15]. Di Antonio et al. showed that in migraine patients with NP, the cervical active range of motion was less than in migraine patients without neck pain, the headache frequency was higher, the disability was worse, and the pain threshold in the cervical region was also lower [29]. In the previous clinical study, it was stated that an average of 2 cm increase in the intensity of headache at the mild neck disability level progressed to the complete neck disability, while an average 1 cm increase in the intensity of headache at the moderate neck disability level also progressed to the complete neck disability level [20]. Therefore, based on the results of clinical studies, when migraine attacks are considered, it can be understood that the increase in the headache frequency, the intensity of headaches, and the number of monthly painful days can negatively affect neck disability. At this point, we think it is important to comprehensively evaluate the necks of patients who have CM and present to clinics with neck problems and to include neck-related problems in the treatment. Among the reasons for this important point is that the trigeminocervical junction plays a role in the coexistence of NP and headache. The causes thought to be effective in pathophysiology are peripheral sensitization and central sensitization. It is suggested that a stimulus that may cause pain and disability in the cervical musculoskeletal system in peripheral sensitization may increase the frequency of migraine by increasing the sensitivity of the trigeminocervical junction [18,30,31,32]. In central sensitization, increased migraine symptoms may increase the sensitivity and repetitive excitability of neurons in the trigeminocervical junction, causing a situation that may result in hyperalgesia and neck pain/disability [15,28,33]. In addition, the high number of headache days and the frequency of attacks and the short time between attacks may make it difficult to answer the question of whether it is a cause or an effect in terms of neck pain/disability [29]. Therefore, at this point, finding out which one is the source of pain arouses the curiosity of researchers. The evaluation of the patients’ symptoms before, during, and after the attack, both by themselves and by the researchers, can provide valuable and important results.



Secondly, individuals’ hypersensitivity to pain and secondary problems may cause them to use their head and neck regions less in daily living activities, and cervical spine stability may weaken. Compared to migraine patients without NP and healthy controls, migraine patients with NP have a less active cervical joint range of motion, lower pain threshold in the cervical region, and increased sensitivity in the cervical region muscles that may cause individuals to need to protect themselves from pain. Therefore, further reducing the movement of the cervical region and its use in daily living activities may be a reason for the decrease in cervical region muscle strength and stability. This may increase the severity of the disability in daily living activities [15].



The treatment process of CM is handled pharmacologically and non-pharmacologically [34]. OnabotulinumtoxinA treatment is an effective and well-tolerated treatment that plays a role in pain inhibition in chronic migraine by inhibiting neurotransmitters, substance P, calcitonin-related peptide, and glutamate A in the sensory pathways of the trigeminal nerve. Considering the neck areas where OnabotulinumtoxinA treatment is applied, it is seen that it provides improvements in neck pain and disability, which are complaints of chronic migraine patients. In a hospital-based study, OnabotulinumtoxinA treatment was found to be effective for 3 months in reducing the intensity of NP, neck disability, intensity of headache, and number of monthly headache days and increasing the quality of life associated with CM [27]. The results of a systematic review reported that OnabotulinumtoxinA treatment in migraine was effective in reducing disability, headache intensity, frequency, and number of monthly headache days [35]. In a study involving multiple European headache centers, it was stated that the rate of excellent responders to OnabotulinumtoxinA treatment in terms of frequency at the end of the third month was 3.9% (n = 112/2879), and this rate was predictive of improvement in the sixth and ninth months [36]. To our knowledge, our study is the first in the literature to separate CM patients according to their neck disability levels, apply OnabotulinumtoxinA treatment, and investigate migraine symptoms. In the 3-month results of our study, the greatest improvement in the reduction in the number of monthly headache days was significant in the complete (−14.69 ± 7.87 days) and severe (−12.20 ± 8.92 days) disability groups, respectively. However, the level of reduction in headache intensity was similar in almost all neck disability groups. While the greatest improvement in migraine disability was significant in the complete (−42.20 ± 42.11) and severe (−31.32 ± 29.63) disability groups, respectively, the improvement in quality of life was similar between the groups. Therefore, our hypothesis was partially confirmed by finding a significant improvement in the number of headache days among the number of headache days and headache intensity parameters. The groups with the highest improvements in the number of headache days and the MIDAS were complete disability and severe disability, and there was no difference between these two groups in terms of these parameters. On the other hand, it was expected that the improvement would be greater in the groups where the neck disability was complete and severe compared to the groups where the neck disability was mild and moderate. From these results, we can say that neck disability was at the level of complete and severe disability, and these two groups were not superior to each other in terms of benefiting from the treatment, increasing the benefit seen from OnabotulinumtoxinA treatment. The condition of patients with mild and moderate neck disabilities may not cause enough complaints to bring the patients to the clinic. In order for a neck disability to benefit from treatment, clinicians should pay attention to preventing it from transitioning from moderate to severe. Therefore, this finding may be an important marker for detecting neck disability in chronic migraine patients at early levels before it progresses.



In our results, there was no change in the intensity of headache between the neck disability groups after OnabotulinumtoxinA treatment, but there was a significant improvement in the number of monthly headache days, suggesting that the neck disability may reflect the number of painful days the patients had in a month. Because headache intensity is a subjective experience, patients may feel their headache intensity by rating it very high during attacks, regardless of whether the number of headache days increases or decreases. Therefore, the decrease in the number of headache days may contribute to the improvement of neck disability by allowing more use of the head and neck in daily life. Neck disability also seems to progress in parallel with general migraine disability, with the MIDAS results showing that the improvement in complete and severe neck disability levels was greatest. No difference was found between the groups in quality of life. In addition, although studies investigating OnabotulinumtoxinA treatment and neck pain/disability-related problems in chronic migraine patients are limited in the literature, physiotherapy and rehabilitation approaches applied together with OnabotulinumtoxinA treatment may increase the effectiveness of improvements in migraine symptoms and neck problems [37]. The results of a 3-month observational cohort study are very positive. In CM patients, it has been shown that headache intensity and frequency decreased only in the group where OnabotulinumtoxinA treatment was applied and in the group where OnabotulinumtoxinA treatment and physiotherapy and rehabilitation approaches (manual therapy and active exercises) were applied together. However, it was stated that the improvement was greater in the group where both approaches were applied [38]. Therefore, despite the limited studies in the literature, it is thought that OnabotulinumtoxinA treatment provides improvements in migraine symptoms and neck complaints in chronic migraine patients and may increase the recovery effectiveness of treatment programs that can be supported by physical therapy and rehabilitation approaches.



Our study has some limitations. Since our study is retrospective, it is normal for there to be differences in the number of patients in the groups. Accordingly, there may be differences in the parameters evaluated before treatment. However, taking this into consideration, we compared the intra-group changes of the parameters after the treatment in order to accurately evaluate the treatment effectiveness. Again, since our study is a retrospective study, there are no long-term follow-up results. Therefore, the effectiveness of the treatment was limited to 3-month results. As another limitation, neck disability was evaluated only by questionnaire. Although the NDI is a good marker for assessing neck disability, we think that the lack of objective test evaluations from daily living activities is another limitation of our study.



In addition to the NDI in the evaluation of neck disability, evaluating the condition of chronic migraine patients in their daily living activities with tests may provide more objective results. On the other hand, while pharmacological treatments continue in chronic migraine, we think it is important to include non-pharmacological approaches in the process. Physiotherapy and rehabilitation approaches are used as manual and exercise practices in chronic migraine patients [39,40,41,42,43,44]. Physiotherapy and rehabilitation approaches applied in addition to OnabotulinumtoxinA application or drug treatments may provide benefits that will increase the quality of life, especially when exercises are transformed into routine programs that can reduce patients’ pharmacological dependence.




4. Conclusions


Chronic migraine patients often experience neck pain and disability problems originating from the trigeminocervical junction. Although the evaluation and treatment process is generally aimed at chronic migraine, it is important to also address neck problems. According to our results, patients with complete and severe neck disability received the most benefit in reducing the number of monthly headache days at the end of the third month of OnabotulinumtoxinA treatment, but the intensity of pain decreased at a similar level in all neck disability groups. Since pain intensity is a subjective experience, neck disability may be affected by the number of days spent with a headache per month rather than the intensity of the headache felt during the attack. Migraine disability improved the most in the groups with complete and severe neck disability. It has been observed that patients with high neck disability also experience severe migraine disability and give positive results with treatment. Our results contribute to the research field on chronic migraine and neck complaints in the literature. We think that in future studies, in addition to long-term follow-up and OnabotulinumtoxinA treatment, randomized controlled studies designed with non-pharmacological methods such as physiotherapy and rehabilitation approaches should investigate the effects of migraine symptoms and neck complaints.



The outcomes of this study can be read in the light of an overall therapeutic offer to individuals with chronic migraine in order to guarantee flexible and sustainable medical and pharmacological care for all in different global geographic areas [33,34].




5. Materials and Methods


The ethical permission of this retrospective, open-label, real-world study was received from Tokat Gaziosmanpaşa University, Faculty of Medicine Clinical Research Ethics Committee (23-KAEK-228, the date of permission: 28 September 2023) to conduct this research.



5.1. Participant Selection


The research included individuals aged 18–65 who applied to the Headache Clinic of Sant’Andrea Hospital of Sapienza University of Rome between 1 June 2022 and 4 November 2022. One hundred sixteen individuals diagnosed with CM, according to the International Classification of Headache Disorders, 3rd Edition, by an internist who specializes in headaches were included.



Individuals who were diagnosed with CM patients with headaches that occur more than 15 days a month for more than three months and have migraine headaches on at least eight days of the month, who are between the ages of 18–65, and who experience neck pain during migraine attacks were included in the study.



Individuals with any headache diagnosis other than CM, cervical pathology/diagnosis that causes neck pain, and a history of any systemic disease such as malignant, inflammatory, acute fracture, surgical, neurological, psychological, or rheumatological were excluded from the research. Chronic migraineurs were also excluded and given additional treatments prior to botox or any prophylactics.




5.2. Outcome Measures


Demographic information of all patients was recorded. Patients were divided according to their NDI levels. First, the primary outcome measures, the intensity of headache, and number of monthly headache days were questioned. Then, the secondary outcome measures, the Migraine Disability Assessment (MIDAS) and the Headache Impact Test (HIT-6) were evaluated. All outcome measures were recorded at baseline and three months after OnabotulinumtoxinA treatment.




5.3. The Primary Outcome Measures


5.3.1. Visual Analog Scale


The intensity of headache was evaluated with the Visual Analog Scale (VAS). A horizontal line was drawn with a 10 cm long ruler for VAS. The beginning of the line was expressed to individuals as 0: “I have no pain”. Moreover, the end of the line was expressed to individuals as 10: “I have unbearable pain”. Individuals were asked to mark their headache intensity between these two points. The distance from the determined point to the starting point was measured, and this distance was recorded as headache intensity [45,46].




5.3.2. Number of Monthly Headache Days


The number of monthly headache days was noted from the headache diaries given to the CM patients.




5.3.3. Neck Disability Index


The neck disability of the individuals was evaluated with the Neck Disability Index (NDI) [16]. The NDI consists of 10 questions in total. The total score is between 0 and 50. It is considered as 0–4 points: “no disability”, 5–14 points: “mild disability”, 15–24 points: “moderate disability”, 25–35 points: “severe disability”, and 35 points and above: “complete disability”. The NDI evaluates head and neck pain, self-care, concentration, work, driving, and sleep. The Italian version, validity, and reliability study of the NDI was conducted by Monticone et al. [47].





5.4. The Secondary Outcome Measures


5.4.1. Migraine Disability Assessment Test


The impact of migraine on individuals was evaluated with the Migraine Disability Assessment Test (MIDAS) [48,49]. It evaluates the disability of the last 3 months. The test consists of 5-item self-administered items that include activities at work/school, housework, family, and social or leisure time. The total number of days missed in these activities is the total score. The disability levels are minimal (0–5 points), mild (6–10 points), moderate (11–20 points), or severe (≥21 points). The Italian version of the questionnaire, its validity, and reliability studies were conducted by D’amico et al. [50].




5.4.2. Headache Impact Test-6


The Headache Impact Test-6 (HIT-6) is a quality-of-life questionnaire that evaluates vitality, pain, psychological condition, sociability, role, and cognitive functioning and includes six items [51,52]. The total score ranges from 36 to 78 points (0–49: little/no effect, 50–55: some effect, 56–59: substantial effect, and 60–78: severe effect). As the score increases, it indicates that the quality of life worsens. The validity and reliability study of the Italian version of the questionnaire was conducted by Gandek et al. [53].





5.5. Intervention


The OnabotulinumtoxinA was administered to individuals by an internal medicine specialist with headache expertise. A total of 39 regions were included in the application, including glabellar, frontal, temporal, occipital regions, upper cervical paraspinal, and trapezius muscles. OnabotulinumtoxinA application was completed by injecting 195 U, 5 units, into each region according to the PREEMPT protocol as Follow-the-Pain [25,26]. Individuals were evaluated regarding the intensity of headache, number of headache days, neck disability, migraine disability, and quality-of-life before receiving OnabotulinumtoxinA treatment and 3 months after the application.




5.6. Sample Size


Data from individuals’ routine evaluations in the clinic were used on the effects of 3-month application after OnabotulinumtoxinA treatment. Power analysis was performed with the G*Power 3.1.9.4 program to determine the number of individuals included in the study. Headache intensity via the NDI was considered the primary outcome measurement variable. Taking the effect size as 0.34 and alpha as 0.05, the number of individuals required for the study was at least 68. The power of the study was determined as 98% with 68 individuals.




5.7. Statistical Analysis


Analyses were performed with SPSS (Statistical Package for the Social Sciences) version 22. Descriptive statistics were given as frequency, mean, and standard deviation. If the variables were normally distributed in intra-group comparisons, Repeated Measures Analysis of Variance was used in multi-group comparisons, and if the variables were not normally distributed, Friedman Analysis was used in multi-group comparisons. In comparisons between groups, One-Way Analysis of Variance was used if the variables were normally distributed, and Kruskal–Wallis Analysis was used if the variables were not normally distributed. As a result of differences between groups, Bonferroni correction was used for parametric data, while the Mann–Whitney U Test was used for nonparametric data in intergroup comparisons. In statistical analysis, p < 0.05 was considered significant.








Author Contributions


Conceptualization, D.O., H.A. and P.M.; methodology, D.O., H.A. and P.M.; software, D.O. and H.A.; validation, D.O. and H.A.; formal analysis, D.O. and H.A.; investigation, D.O., H.A. and P.M.; resources, D.O., H.A. and P.M.; data curation, D.O., H.A. and P.M.; writing—original draft preparation, D.O., H.A. and P.M.; writing—review and editing, D.O., H.A. and P.M.; visualization, D.O., H.A. and P.M.; supervision, P.M.; project administration, D.O., H.A. and P.M.; funding acquisition, D.O., H.A. and P.M. 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 Institutional Review Board (or Ethics Committee) of Tokat Gaziosmanpaşa University (protocol code: 23-KAEK-228 and date of approval: 28 September 2023).




Informed Consent Statement


Informed consent was obtained from all individuals involved in the study.




Data Availability Statement


The data presented in this study are available in this article.




Acknowledgments


We thank C.M. De Marco, Michela Barlattani, Giuseppe Cannas, Cristina Gaglianone, and Vito Angileri for their help in accessing the patient information.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Arnold, M. Headache Classification Committee of the International Headache Society [IHS] The International Classification of Headache Disorders, 3rd edition. Cephalalgia 2018, 38, 1–211. [Google Scholar] [CrossRef]

	



Ashina, S.; Bendtsen, L.; Lyngberg, A.C.; Lipton, R.B.; Hajiyeva, N.; Jensen, R. Prevalence of neck pain in migraine and tension-type headache: A population study. Cephalalgia 2015, 35, 211–219. [Google Scholar] [CrossRef] [PubMed]

	



Al-Khazali, H.M.; Younis, S.; Al-Sayegh, Z.; Ashina, S.; Ashina, M.; Schytz, H.W. Prevalence of neck pain in migraine: A systematic review and meta-analysis. Cephalalgia 2022, 42, 663–673. [Google Scholar] [CrossRef] [PubMed]

	



Krøll, L.S.; Hammarlund, C.S.; Gard, G.; Jensen, R.H. EHMTI-0160. New questionnaire–impact of migraine, tension-type headache and neck pain: A validation study. J. Headache Pain 2014, 15, D58. [Google Scholar] [CrossRef]

	



Lampl, C.; Rudolph, M.; Deligianni, C.I.; Mitsikostas, D.D. Neck pain in episodic migraine: Premonitory symptom or part of the attack? J. Headache Pain. 2015, 16, 80. [Google Scholar] [CrossRef] [PubMed]

	



Krøll, L.S.; Hammarlund, C.S.; Westergaard, M.L.; Nielsen, T.; Sloth, L.B.; Jensen, R.H.; Gard, G. Level of physical activity, well-being, stress and self-rated health in persons with migraine and co-existing tension-type headache and neck pain. J. Headache Pain 2017, 18, 46. [Google Scholar] [CrossRef] [PubMed]

	



Schulz, M.; Xu, W.; Treleaven, J.; Thomas, L.; Liang, Z. Individual perceptions on the relationship between migraine and neck pain. Musculoskelet. Sci. Pract. 2023, 66, 102812. [Google Scholar] [CrossRef]

	



Rodrigues, A.; Bevilaqua-Grossi, D.; Florencio, L.L.; Pinheiro, C.F.; Dach, F.; Bigal, M.; Carvalho, G.F. Balance alterations are associated with neck pain and neck muscle endurance in migraine. Musculoskelet. Sci. Pract. 2023, 66, 102811. [Google Scholar] [CrossRef]

	



Liang, Z.; Thomas, L.; Jull, G.; Treleaven, J. Subgrouping individuals with migraine associated neck pain for targeted management. Musculoskelet. Sci. Pract. 2023, 66, 102801. [Google Scholar] [CrossRef]

	



Bevilaqua-Grossi, D.; Pinheiro-Araujo, C.F.; Carvalho, G.F.; Florencio, L.L. Neck pain repercussions in migraine–The role of physiotherapy. Musculoskelet. Sci. Pract. 2023, 66, 102786. [Google Scholar] [CrossRef]

	



Ashina, S.; Bendtsen, L.; Burstein, R.; Iljazi, A.; Jensen, R.H.; Lipton, R.B. Pain sensitivity in relation to frequency of migraine and tension-type headache with or without coexistent neck pain: An exploratory secondary analysis of the population study. Scand. J. Pain 2023, 23, 76–87. [Google Scholar] [CrossRef] [PubMed]

	



Liang, Z.; Thomas, L.; Jull, G.; Treleaven, J. The temporal behaviour of migraine related neck pain does not inform on the origin of neck pain: An observational study. Musculoskelet. Sci. Pract. 2022, 58, 102522. [Google Scholar] [CrossRef] [PubMed]

	



Bartsch, T.; Goadsby, P.J. Increased responses in trigeminocervical nociceptive neurons to cervical input after stimulation of the dura mater. Brain 2003, 126, 1801–1813. [Google Scholar] [CrossRef] [PubMed]

	



Bartsch, T. Migraine and the neck: New insights from basic data. Curr. Pain Headache Rep. 2005, 9, 191–196. [Google Scholar] [CrossRef] [PubMed]

	



Florencio, L.L.; Chaves, T.C.; Carvalho, G.F.; Gonçalves, M.C.; Casimiro, E.C.; Dach, F.; Bigal, M.E.; Bevilaqua-Grossi, D. Neck pain disability is related to the frequency of migraine attacks: A cross-sectional study. Headache 2014, 54, 1203–1210. [Google Scholar] [CrossRef] [PubMed]

	



Vernon, H.; Mior, S. The Neck Disability Index: A study of reliability and validity. J. Manip. Physiol Ther. 1991, 14, 409–415. [Google Scholar] [CrossRef]

	



Pinheiro, C.F.; Oliveira, A.S.; Will-Lemos, T.; Florencio, L.L.; Fernández-De-Las-Peñas, C.; Dach, F.; Bevilaqua-Grossi, D. Neck Active Movements Assessment in Women with Episodic and Chronic Migraine. J. Clin. Med. 2021, 10, 3805. [Google Scholar] [CrossRef]

	



Florencio, L.L.; de Oliveira, A.S.; Pinheiro, C.F.; Will-Lemos, T.; Dach, F.; Fernández-de-Las-Peñas, C.; Bevilaqua-Grossi, D. Comparison of cervical muscle isometric force between migraine subgroups or migraine-associated neck pain: A controlled study. Sci. Rep. 2021, 11, 15434. [Google Scholar] [CrossRef]

	



Oliveira-Souza, A.I.S.; Florencio, L.L.; Carvalho, G.F.; Fernández-De-Las-Peñas, C.; Dach, F.; Bevilaqua-Grossi, D. Reduced flexion rotation test in women with chronic and episodic migraine. Braz. J. Phys. Ther. 2019, 23, 387–394. [Google Scholar] [CrossRef]

	



Onan, D.; Martelletti, P. Does the Intensity of the Headache Differ According to the Level of Neck Disability in Chronic Migraine Patients? Int. J. Environ. Res. Public Health 2022, 19, 16307. [Google Scholar] [CrossRef]

	



Blumenfeld, A.M.; Stark, R.J.; Freeman, M.C.; Orejudos, A.; Adams, A.M. Long-term study of the efficacy and safety of OnabotulinumtoxinA for the prevention of chronic migraine: COMPEL study. J. Headache Pain 2018, 19, 13. [Google Scholar] [CrossRef] [PubMed]

	



Ahmed, F.; Gaul, C.; García-Moncó, J.C.; Sommer, K.; Martelletti, P. An open-label prospective study of the real-life use of onabotulinumtoxinA for the treatment of chronic migraine: The REPOSE study. J. Headache Pain 2019, 20, 26. [Google Scholar] [CrossRef] [PubMed]

	



Stark, C.; Stark, R.; Limberg, N.; Rodrigues, J.; Cordato, D.; Schwartz, R.; Jukic, R. Real-world effectiveness of onabotulinumtoxinA treatment for the prevention of headaches in adults with chronic migraine in Australia: A retrospective study. J. Headache Pain 2019, 20, 81. [Google Scholar] [CrossRef] [PubMed]

	



Bendtsen, L.; Sacco, S.; Ashina, M.; Mitsikostas, D.; Ahmed, F.; Pozo-Rosich, P.; Martelletti, P. Guideline on the use of onabotulinumtoxinA in chronic migraine: A consensus statement from the European Headache Federation. J. Headache Pain 2018, 19, 91. [Google Scholar] [CrossRef] [PubMed]

	



Sacco, S.; Russo, A.; Geppetti, P.; Grazzi, L.; Negro, A.; Tassorelli, C.; Tedeschi, G.; Martelletti, P. What is changing in chronic migraine treatment? An algorithm for onabotulinumtoxinA treatment by the Italian chronic migraine group. Expert Rev. Neurother. 2020, 20, 1275–1286. [Google Scholar] [CrossRef] [PubMed]

	



Blumenfeld, A.; Silberstein, S.D.; Dodick, D.W.; Aurora, S.K.; Turkel, C.C.; Binder, W.J. Method of injection of onabotulinumtoxinA for chronic migraine: A safe, well-tolerated, and effective treatment paradigm based on the PREEMPT clinical program. Headache 2010, 50, 1406–1418. [Google Scholar] [CrossRef]

	



Onan, D.; Bentivegna, E.; Martelletti, P. OnabotulinumtoxinA Treatment in Chronic Migraine: Investigation of Its Effects on Disability, Headache and Neck Pain Intensity. Toxins 2022, 15, 29. [Google Scholar] [CrossRef]

	



Liang, Z.; Thomas, L.; Jull, G.; Treleaven, J. The Neck Disability Index Reflects Allodynia and Headache Disability but Not Cervical Musculoskeletal Dysfunction in Migraine. Phys. Ther. 2022, 102, 5. [Google Scholar] [CrossRef]

	



Di Antonio, S.; Arendt-Nielsen, L.; Ponzano, M.; Bovis, F.; Torelli, P.; Pelosin, E.; Finocchi, C.; Castaldo, M. Migraine patients with and without neck pain: Differences in clinical characteristics, sensitization, musculoskeletal impairments, and psychological burden. Musculoskelet. Sci. Pract. 2023, 66, 102800. [Google Scholar] [CrossRef]

	



Di Antonio, S.; Arendt-Nielsen, L.; Ponzano, M.; Bovis, F.; Torelli, P.; Finocchi, C.; Castaldo, M. Cervical musculoskeletal impairments in the 4 phases of the migraine cycle in episodic migraine patients. Cephalalgia 2022, 42, 827–845. [Google Scholar] [CrossRef]

	



Hvedstrup, J.; Kolding, L.T.; Ashina, M.; Schytz, H.W. Increased neck muscle stiffness in migraine patients with ictal neck pain: A shear wave elastography study. Cephalalgia 2020, 40, 565–574. [Google Scholar] [CrossRef] [PubMed]

	



Hvedstrup, J.; Kolding, L.T.; Younis, S.; Ashina, M.; Schytz, H.W. Ictal neck pain investigated in the interictal state–a search for the origin of pain. Cephalalgia 2020, 40, 614–624. [Google Scholar] [CrossRef] [PubMed]

	



Liang, Z.; Thomas, L.; Jull, G.; Minto, J.; Zareie, H.; Treleaven, J. Neck pain associated with migraine does not necessarily reflect cervical musculoskeletal dysfunction. Headache 2021, 61, 882–894. [Google Scholar] [CrossRef]

	



Onan, D.; Younis, S.; Wellsgatnik, W.D.; Farham, F.; Andruškevičius, S.; Abashidze, A.; Jusupova, A.; Romanenko, Y.; Grosu, O.; Moldokulova, M.Z.; et al. Debate: Differences and similarities between tension-type headache and migraine. J. Headache Pain 2023, 24, 92. [Google Scholar] [CrossRef] [PubMed]

	



Shaterian, N.; Shaterian, N.; Ghanaatpisheh, A.; Abbasi, F.; Daniali, S.; Jahromi, M.J.; Sanie, M.S.; Abdoli, A. Botox [OnabotulinumtoxinA] for Treatment of Migraine Symptoms: A Systematic Review. Pain Res. Manag. 2022, 2022, 3284446. [Google Scholar] [CrossRef] [PubMed]

	



Ornello, R.; Baraldi, C.; Ahmed, F.; Negro, A.; Miscio, A.M.; Santoro, A.; Alpuente, A.; Russo, A.; Silvestro, M.; Cevoli, S.; et al. Excellent Response to OnabotulinumtoxinA: Different Definitions, Different Predictors. Int. J. Environ. Res. Public Health 2022, 19, 10975. [Google Scholar] [CrossRef] [PubMed]

	



Schnider, P.; Moraru, E.; Vigl, M.; Wöber, C.; Földy, D.; Maly, J.; Bittner, C.; Wessely, P.; Auff, E. Physical therapy and adjunctive botulinum toxin type A in the treatment of cervical headache: A double-blind, randomised, placebo-controlled study. J. Headache Pain 2002, 3, 93–99. [Google Scholar] [CrossRef]

	



Deodato, M.; Granato, A.; Borgino, C.; Galmonte, A.; Manganotti, P. Instrumental assessment of physiotherapy and onabolulinumtoxin-A on cervical and headache parameters in chronic migraine. Neurol. Sci. 2022, 43, 2021–2029. [Google Scholar] [CrossRef]

	



La Touche, R.; Fierro-Marrero, J.; Sánchez-Ruíz, I.; de Rivera-Romero, B.R.; Cabrera-López, C.D.; Lerma-Lara, S.; Requejo-Salinas, N.; de Asís-Fernández, F.; Elizagaray-García, I.; Fernández-Carnero, J.; et al. Prescription of therapeutic exercise in migraine, an evidence-based clinical practice guideline. J. Headache Pain 2023, 24, 68. [Google Scholar] [CrossRef]

	



Torlak, M.S.; Atıcı, E.; Cıbık, M. Effects of Transcutaneous Occipital Nerve Stimulation and Instrument-Assisted Soft Tissue Mobilization in Chronic Migraine. J. Manip. Physiol. Ther. 2022, 45, 436–447. [Google Scholar] [CrossRef]

	



Santiago, M.D.S.; de Souza Carvalho, D.; Gabbai, A.A.; Pinto, M.M.; Moutran, A.R.; Villa, T.R. Amitriptyline and aerobic exercise or amitriptyline alone in the treatment of chronic migraine: A randomized comparative study. Arq. Neuro-Psiquiatr. 2014, 72, 851–855. [Google Scholar] [CrossRef]

	



Cerritelli, F.; Ginevri, L.; Messi, G.; Caprari, E.; Di Vincenzo, M.; Renzetti, C.; Cozzolino, V.; Barlafante, G.; Foschi, N.; Provinciali, L. Clinical effectiveness of osteopathic treatment in chronic migraine: 3-Armed randomized controlled trial. Complement. Ther. Med. 2015, 23, 149–156. [Google Scholar] [CrossRef] [PubMed]

	



Luedtke, K.; Allers, A.; Schulte, L.H.; May, A. Efficacy of interventions used by physiotherapists for patients with headache and migraine—Systematic review and meta-analysis. Cephalalgia 2016, 36, 474–492. [Google Scholar] [CrossRef] [PubMed]

	



Kurt, A.; Turhan, B. Physiotherapy Management of Migraine Pain: Facial Proprioceptive Neuromuscular Facilitation Technique Versus Connective Tissue Massage. J. Craniofacial Surg. 2022, 33, 2328–2332. [Google Scholar] [CrossRef] [PubMed]

	



Begum, M.R.; Hossain, M.A. Validity and reliability of visual analogue scale (VAS) for pain measurement. J. Med. Case Rep. Rev. 2019, 2, 11. [Google Scholar]

	



Price, D.D.; McGrath, P.A.; Rafii, A.; Buckingham, B. The validation of visual analogue scales as ratio scale measures for chronic and experimental pain. Pain 1983, 17, 45–56. [Google Scholar] [CrossRef]

	



Monticone, M.; Ferrante, S.; Vernon, H.; Rocca, B.; Dal Farra, F.; Foti, C. Development of the Italian Version of the Neck Disability Index: Cross-cultural adaptation, factor analysis, reliability, validity, and sensitivity to change. Spine 2012, 37, E1038–E1044. [Google Scholar] [CrossRef]

	



Stewart, W.F.; Lipton, R.B.; Dowson, A.J.; Sawyer, J. Development and testing of the Migraine Disability Assessment (MIDAS) Questionnaire to assess headache-related disability. Neurology 2001, 56 (Suppl. S1), S20–S28. [Google Scholar] [CrossRef]

	



Stewart, W.F.; Lipton, R.B.; Whyte, J.; Dowson, A.; Kolodner, K.; Liberman, J.; Sawyer, J. An international study to assess reliability of the Migraine Disability Assessment (MIDAS) score. Neurology 1999, 53, 988. [Google Scholar] [CrossRef]

	



D’Amico, D.; Mosconi, P.; Genco, S.; Usai, S.; Prudenzano, A.M.; Grazzi, L.; Leone, M.; Puca, F.M.; Bussone, G. The Migraine Disability Assessment [MIDAS] questionnaire: Translation and reliability of the Italian version. Cephalalgia 2001, 21, 947–952. [Google Scholar] [CrossRef]

	



Kosinski, M.; Bayliss, M.; Bjorner, J.; Ware, J.; Garber, W.; Batenhorst, A.; Cady, R.; Dahlöf, C.G.H.; Dowson, A.; Tepper, S. A six-item short-form survey for measuring headache impact: The HIT-6™. Qual. Life Res. 2003, 12, 963–974. [Google Scholar] [CrossRef] [PubMed]

	



Bayliss, M.; Dewey, J.; Dunlap, I.; Batenhorst, A.; Cady, R.; Diamond, M.; Sheftell, F. A study of the feasibility of Internet administration of a computerized health survey: The Headache Impact Test (HIT™). Qual. Life Res. 2003, 12, 953–961. [Google Scholar] [CrossRef] [PubMed]

	



Gandek, B.; Alacoque, J.; Uzun, V.; Andrew-Hobbs, M.; Davis, K. Translating the Short-Form Headache Impact Test (HIT-6) in 27 countries: Methodological and conceptual issues. Qual. Life Res. 2003, 12, 975–979. [Google Scholar] [CrossRef] [PubMed]








 





Table 1. Demographic characteristics.






Table 1. Demographic characteristics.













	
	Mild

(n = 15)
	Moderate

(n = 22)
	Severe

(n = 44)
	Complete

(n = 35)
	p





	Age (years)
	48.20 ± 11.48
	48.09 ± 12.00
	52.23 ± 9.38
	50.43 ± 8.98
	0.384 β



	Weight (kg)
	62.93 ± 12.94
	63.77 ± 11.93
	65.36 ± 11.37
	67.00 ± 13.97
	0.690 β



	Height (cm)
	166.07 ± 8.12
	166.27 ± 6.24
	164.14 ± 6.79
	163.74 ± 7.03
	0.450 α



	BMI (kg/m2)
	22.79 ± 4.17
	23.04 ± 3.94
	24.23 ± 3.77
	24.93 ± 4.36
	0.211 β



	Migraine Diagnosis Time (years)
	17.67 ± 12.62
	22.82 ± 13.54
	22.23 ± 14.89
	22.94 ± 14.64
	0.683 β



	Gender

Female

Male
	13 [86.7%]

2 [13.3%]
	20 [90.9%]

2 [9.1%]
	42 [95.5%]

2 [4.5%]
	31 [88.6%]

4 [11.4%]
	-







Kg: Kilogram; cm: Centimeter; BMI: Body Mass Index; α: One-Way Analysis of Variance; β: Kruskal–Wallis Analysis.













 





Table 2. Intra- and inter-group effects of OnabotulinumtoxinA intervention.
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	The Primary Outcome Measures
	Mild

(n = 15)
	Moderate

(n = 22)
	Severe

(n = 44)
	Complete

(n = 35)
	p
	Posthoc





	Number of monthly headache days (B.O.)
	15.73 ± 9.17
	18.68 ± 8.65
	20.36 ± 9.40
	20.60 ± 7.79
	0.273 β
	



	Number of monthly headache days (A.O.)
	6.93 ± 5.26
	13.41 ± 9.41
	8.16 ± 7.48
	5.91 ± 4.66
	0.007 β
	Moderate > Mild (p = 0.035 λ)

Moderate > Severe (p = 0.015 λ)

Moderate > Complete (p = 0.001 λ)



	p
	0.001 §
	0.001 §
	0.000 §
	0.000 §
	
	



	VAS (B.O.)
	7.87 ± 1.36
	8.64 ± 1.14
	9.32 ± 0.93
	9.60 ± 1.03
	0.000 β
	Severe > Mild (p = 0.000 λ)

Complete > Mild (p = 0.000 λ)

Severe > Moderate (p = 0.015 λ)

Complete > Moderate (p = 0.000 λ)

Complete > Severe (p = 0.032 λ)



	VAS (A.O.)
	4.40 ± 2.23
	4.73 ± 1.98
	5.41 ± 2.14
	4.83 ± 2.26
	0.385 β
	



	p
	0.001 §
	0.000 §
	0.000 §
	0.000 §
	
	



	The Secondary Outcome Measures
	Mild

(n = 15)
	Moderate

(n = 22)
	Severe

(n = 44)
	Complete

(n = 35)
	p
	Posthoc



	MIDAS total (B.O.)
	26.40 ± 25.65
	28.73 ± 17.89
	58.98 ± 61.71
	71.69 ± 63.78
	0.000 β
	Severe > Mild (p = 0.010 λ)

Complete > Mild (p = 0.000 λ)

Severe > Moderate (p = 0.024 λ)

Complete > Moderate (p = 0.000 λ)



	MIDAS total (A.O.)
	11.40 ± 12.33
	15.23 ± 15.64
	27.66 ± 45.62
	29.49 ± 37.01
	0.123 β
	



	p
	0.001 §
	0.000 §
	0.000 §
	0.000 §
	
	



	HIT-6 (B.O.)
	63.60 ± 8.14
	65.27 ± 5.41
	69.59 ± 5.43
	71.71 ± 5.11
	0.000 α
	Severe > Mild (p = 0.009 £)

Complete > Mild (p = 0.001 £)

Severe > Moderate (p = 0.005 £)

Complete > Moderate (p = 0.000 £)



	HIT-6 (A.O.)
	53.87 ± 7.73
	56.45 ± 7.91
	58.52 ± 8.31
	57.51 ± 7.51
	0.254 α
	



	p
	0.000 µ
	0.000 µ
	0.000 µ
	0.000 µ
	
	







B.O.: Before OnabotulinumtoxinA; A.O.: After OnabotulinumtoxinA; VAS: Visual Analog Scale; MIDAS: Migraine Disability Assessment Test; HIT-6: Headache Impact Test-6; §: Wilcoxon Test; µ: Paired Samples t Test; α: One-Way Analysis of Variance; β: Kruskal–Wallis Analysis; λ: Mann–Whitney U Test; £: Bonferroni Statistics.













 





Table 3. Differences caused by OnabotulinumtoxinA intervention in parameters according to neck disability level.
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The Primary Outcome Measures

	
Mild

(n = 15)

	
Moderate

(n = 22)

	
Severe

(n = 44)

	
Complete

(n = 35)

	
p






	
Number of headache days

	
−8.80 ± 7.65

	
−5.27 ± 7.72

	
−12.20 ± 8.92

	
−14.69 ± 7.87

	
0.000 β




	
Posthoc

	
Mild > Moderate (p = 0.029 λ); Complete > Mild (p = 0.012 λ); Severe > Moderate (p = 0.002 λ); Complete > Moderate (p = 0.000 λ)




	
VAS

	
−3.47 ± 1.81

	
−3.91 ± 2.04

	
−3.91 ± 2.27

	
−4.77 ± 2.33

	
0.354 β




	




	
The Secondary Outcome Measures

	
Mild

(n = 15)

	
Moderate

(n = 22)

	
Severe

(n = 44)

	
Complete

(n = 35)

	
p




	
MIDAS

	
−15.00 ± 17.22

	
−13.50 ± 15.41

	
−31.32 ± 29.63

	
−42.20 ± 42.11

	
0.000 β




	
Posthoc

	
Severe > Mild (p = 0.021 λ); Complete > Mild (p = 0.001 λ); Severe > Moderate (p = 0.003 λ); Complete > Moderate (p = 0.000 λ)




	
HIT-6

	
−9.73 ± 7.41

	
−8.82 ± 6.92

	
−11.07 ± 8.00

	
−14.20 ± 9.31

	
0.123 β








VAS: Visual Analog Scale; MIDAS: Migraine Disability Assessment Test; HIT-6: Headache Impact Test-6; β: Kruskal–Wallis Analysis; λ: Mann–Whitney U Test.
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