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Abstract

:

Background: In addition to being highly distressing, chronic migraine headaches are a major socioeconomic challenge. Like other pain syndromes, migraine headaches are associated with psychological and physiological impairments, including sensorimotor and somatosensory deficits. Aim: This study aims to explore whether patients with high-frequency or chronic migraine differ from a healthy population in the areas of laterality recognition (LAT) and facial emotion recognition (FER) and whether there are correlations between these areas and central sensitization of pain and psychological components like stress, depression, anxiety, and alexithymia. Methods: Using a cross-sectional design, individuals with high-frequency or chronic (ICHD classification) migraine (migraine group MG = 45) and healthy individuals (control group CG = 25) were studied using LAT testing (hand, neck, and face); FER testing; and questionnaires, including the Central Sensitization Inventory (CSI) and the Toronto Alexithymia Scale (TAS-20). Results: Data from 70 participants were collected for analysis. Statistically significant differences were found only in the assessment of central sensitization (p < 0.001). Weak to moderate monotonic correlations were found for the MG, especially between alexithymia detection (TAS-20) and facial emotion recognition (FER test). Discussion: The methodological procedure and its accompanying challenges can be seen as limitations of this study. The lack of significant effects must be mentioned, but the selection of the collected questionnaires, the uniform diagnostics, and the statistical processing of a large amount of data represent methodological strengths. Conclusion: The CSI and the TAS-20 could be used in combination with FER to assess chronic migraine. Implementing the described sensorimotor parameters as a therapeutic intervention requires further investigation.
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1. Introduction


Migraine is a common, disabling primary headache disorder with significant socio-economic and personal impact [1,2,3]. Chronic headaches are among the most common health disorders, alongside back pain [4]. The Global Burden of Disease Study identified chronic migraine (CM) as a major pain disorder worldwide with significant socio-economic consequences [5]. Chronic migraine affects 1–2% of the global population, with about 2.5% of episodic migraine sufferers developing CM annually [4]. In women under 50, migraine is the leading cause of disability, surpassing back pain and depression [6]. Chronic headaches, including CM, are among the most challenging pain syndromes [7,8]. Besides pain, sufferers report significant limitations in daily activities and social interactions, leading to mood disorders and depression [9,10]. Like other chronic pain syndromes, sufferers withdraw from society and avoid occupational, recreational, and sporting activities. These components are accompanied by mood disorders that can lead to severe depression [10].



In addition to exhibiting fear-avoidance behavior towards movement, individuals with chronic headaches often display compromised movement planning abilities [11,12]. This encompasses a disrupted capacity for laterality recognition (or left–right recognition (LAT)), which may be a quality of (facial) body distortion. So-called (facial) somatosensory distortions can be defined as a pattern observed during prolonged trigeminal sensitivity, affecting classical headaches and chronic orofacial pain (COFP) [13]. This distortion is characterized by dysfunctional pain processing within the central nervous system, leading to hyperexcitation and neuroplastic changes [13,14]. These changes are part of the central sensitization phenomenon, which includes generalized mechanical hyperalgesia across the head, face, neck, and other body areas. Additionally, there are alterations in pain modulation, increased pain area expansion, and the presence of psychological factors [15,16]. Central sensitization itself is a complex physiological process associated with sustained nociception and may result in prolonged pain perception [17]. It is crucial not to assume a causal phenomenon and to pathologize this physiological phenomenon but to understand it as a contribution in the course of a possible chronification of pain [18]. Thus, in chronic migraine, central sensitization may also play a role in sustaining pain perception, in addition to the previously mentioned mechanisms [19].



Normally, LAT is defined as the ability to judge the right and left side of a depicted body part (e.g., hand or neck movement or facial activity; see Figure 1, Figure 2 and Figure 3) and is important for a functioning body schema and movement planning [20,21,22,23]. It is a well-observed phenomenon in several clinical conditions, like complex regional pain syndrome, chronic facial pain [11], shoulder pain [24],and low back and neck pain [20,25]. There is only one study exploring laterality recognition in individuals with episodic migraine [26]. Further information regarding this topic is provided in Appendix A.



Alexithymia, another possible association with chronic headache, is a well-described phenomenon in persistent pain syndromes. It is characterized by difficulty recognizing and processing emotional signals and is associated with chronic headaches and a reduction in facial reflexes [28]. Although there is a demonstrated correlation between alexithymia and emotion perception, the degree of alexithymia does not significantly correlate with emotion perception [29].



Facial emotion recognition (FER) is important for non-verbal communication concerning the facial reflex during interactions between two people [12]. For example, people suffering from complex regional pain syndrome (CRPS), low back pain, atypical facial pain, carpal tunnel syndrome, or other persistent pain syndromes show a deficit in left–right assessment of the affected body parts, as well as a dysfunctional recognition of basic emotions via facial expressions [20,24,30,31]. It can be inferred that difficulties in recognizing emotions and impaired motor processing of facial muscles may further contribute to the persistence of head and/or facial pain [11]. Figure 4 shows the possible basic emotions a test subject should recognize in a certain time frame and with the highest accuracy possible. Further information regarding this topic is provided in Appendix B.



Corresponding changes in the cortical matrix in response to abnormal LAT and FER are described in the scientific literature. Patients with features of alexithymia show significantly less activity in the emotion-processing centers of the brain [32]. Neuronal networks in the premotor cortex, which are necessary for a physiological body schema and the proper functioning of a body part, are thought to show alterations [27]. Studies have shown that neuroplastic adaptations in different brain areas, e.g., the limbic system, the somatosensory and sensorimotor cortex, the prefrontal cortex, and the premotor cortex, preserve pain and correlate with deficits in LAT and FER [33].



In addition to pharmacological treatment, effective pain management in clinical practice necessitates the integration of appropriate communication strategies; behavioral therapy techniques; and motor, sensory, and cognitive training. This approach requires a comprehensive understanding of the neurophysiological and psychosocial elements of pain. Specifically, in treating patients with chronic headaches, incorporating laterality training and facial emotion recognition can enhance therapy. Laterality training, as part of a graded motor imagery program, has shown promising results in several clinical trials, notably in reducing pain and improving motor function and quality of life [23,34,35,36,37]. However, before starting sensorimotor or cognitive training, it is necessary to investigate the nature and degree of LAT and FER limitations in the population of interest.



This cross-sectional study aims to investigate changes in laterality recognition, facial emotion recognition, alexithymia, stress levels, depression, anxiety, and headache impact (days and severity) in individuals with high-frequency or chronic migraine compared to healthy subjects.




2. Materials and Methods


2.1. Participants


From 2nd January 2022 to 30th August 2022, patients diagnosed with “chronic migraine” (≥15 days/month) or “high-frequency migraine” (10–14 days/month) according to the ICHD-3 criteria were examined using the test battery described below. During this period, a control group without headache or other persistent pain disorders was also tested using the same paradigm, excluding three questionnaires. Both male and female subjects aged 18 to 65 with high-frequency or chronic migraine without aura were included, as this demographic represents the primarily affected working-age population [4]. Diagnoses were based on the current classification of the International Headache Society (ICHD-3) [38].



The research sample included in our study consisted of individuals diagnosed with chronic migraine by a specialized headache neurologist. Participants did not need to be pain-free during measurements, but they were only tested if their last debilitating migraine attack had occurred at least 24 h prior. Pain levels were primarily assessed using the Graded Chronic Pain Scale (GCPS). Medications and their usage were recorded in the demographic questionnaire. Exclusion criteria included severe psychiatric diagnoses such as schizophrenia, bipolar disorder, borderline syndrome, current substance abuse, or dementia. Given the common comorbidity of depression and anxiety disorders with chronic headaches, these were not exclusion criteria. Additionally, patients with a history of traumatic or severe neurological events, such as a massive traumatic brain injury, were excluded.




2.2. Recruitment


The migraine group (MG) was recruited through the headache outpatient clinic (Neurology) at the Christian Doppler Clinic Salzburg—University Hospital of Paracelsus Medical University. The healthy control group (CG) was recruited via the FH JOANNEUM Graz email distribution list, with a small portion of the migraine group recruited through a neurologist in private practice in Graz, Austria.



All participants were initially informed by telephone about the study’s background and the final testing process. Further information, questionnaires, and the data sheet were sent by email only after verbal and written consent to participate was obtained. Participants were free to cancel or discontinue the test at any time without providing specific reasons.




2.3. Ethics


After reviewing the requested information, the review committee of the responsible ethics committee for the federal state of Salzburg (Sebastian-Stief-Gasse 2—5020 Salzburg) issued a positive vote on the ethics application and approved it on 30 August 2021, with the authorization being valid for one year (EC no. 1122/2021).




2.4. Study Locations


Most of the measurements of the test subjects in the migraine group were carried out on the premises of the headache outpatient clinic of the Christian Doppler Clinic Salzburg—University Hospital of Paracelsus Medical University. The healthy control group and part of the migraine group were tested on the premises of the FH JOANNEUM Graz physiotherapy department. Both rooms were well-lit and quiet, measuring approximately 12 m2 in size, and included a window to ensure regular ventilation. The rooms themselves each contained a desk for discussing the questionnaires and testing using tablets or notebooks, as well as two armchairs.




2.5. Course of the Study


After clinical and neurological examination conducted by a neurologist (S.L.) with more than 20 years of experience in using IHS classification, all the test subjects were evaluated by the first assessor (B.T.), a physical therapist with more than 15 years of experience in head and face pain. Following an explanation about the examination and after addressing the participants’ questions, the first four tests were conducted using an iPad and a notebook. The room was regularly ventilated between each test phase, and the lighting was adjusted to ensure it was not overly irritating, particularly for participants in the migraine group. The processing of data and statistics was performed by a professional mathematician (W.L.) specialized in biostatistics.



2.5.1. Questionnaires


Previous studies indicate that individuals diagnosed with chronic migraine have a diminished ability to recognize emotions, expression difficulties, heightened levels of depression and anxiety, and increased central sensitization [19,39]. Consequently, the following three questionnaires were added to this study: The Toronto-Alexithymia-Scale 20 Items (TAS-20), the Depression-Anxiety and Stress Scale (DASS), and the Central Sensitization Inventory (CSI).



Toronto-Alexithymia-Scale 20 Items (TAS-20). The TAS-20 records alexithymia, i.e., so-called emotional blindness, using a questionnaire with a total of 20 items. The German translation of the original English scale [40,41] showed adequate validity and reliability in a sample analysis [42]. The scale is recommended for the assessment of alexithymia [43]. However, in the course of an investigation into the psychometric properties in the application of the scale in somatoform pain disorders, the originally propagated 3-factor model was not recommended, and only the use of the total values was recommended for interpretation and recording [44].



Depression Anxiety Stress Scales (DASS). The DASS is a self-report instrument designed to measure three related negative emotional states, namely depression, anxiety, and stress. Each of these states is assessed by a set of 14 items, for a total of 42 items. The questionnaire uses a 4-point severity/frequency scale to assess the extent to which an individual has experienced each state over the past week. Overall, the DASS is both reliable and valid and is recommended in its short form for patients with persistent pain [45,46].



Central Sensitization Inventory (CSI). This questionnaire is available in a validated German version and contains 25 items, which are rated with a range of 0–4 points. The cut-off value for the hypothesis of the existence of a central sensitization of pain is 40 points. In an empirical study on the validity of the German tool called “Zentrale Sensibilisierung Screeningtool” (ZSS), the Neck Disability Index (NDI) was used as a comparable gold standard in a population that suffered from persistent, non-specific neck pain. The Spearman rank correlation showed a statistically significant correlation between NDI and ZSS of ρ = 0.557 (p < 0.01). With a Cronbach’s alpha of α = 0.867 and a total of 25 items, the internal consistency of the ZSS can be rated as good, confirming its validity [47].




2.5.2. Laterality Recognition


In our study, the NOI® recognise “Hands” program of the Neuroorthopaedic Institute® (Adelaide) was used to record the LAT of the hands. This application has good reliability and validity [48,49]. The necessary hardware consisted of a 13-inch Apple™ iPad Pro (3rd generation). After a test run, which each participant carried out before the actual test, the final test run was carried out with 50 randomly arranged pictures of 25 left hands and 25 right hands in the so-called “Vanilla” sub-program. The participants received the following instructions:




“Judge intuitively, as quickly but also as accurately as possible, the pictures of hands, whether it is a right or a left hand. Carry out the task calmly”.





Any questions were clarified in all sections of the test in order not to unsettle the participants and to still achieve valid results. The test leader (B.T.) sat about two meters away from the desk for the test to avoid a controlling test character. The test results were then noted by hand on a prefabricated documentation sheet and transferred to a database using an Excel spreadsheet after the test. In total, this part of the test took a maximum of three minutes.



The left–right recognition of neck movements was also carried out on the same device using the NOI® recognise APP described above. After a new test run using ten images, the test persons were introduced with the same instructions.




“Judge intuitively, as quickly but also as accurately as possible, the images of neck movements, whether it is a movement of the neck to the right or the left. Keep in mind the first-person perspective. Carry out the task calmly”.





The final test, again, included 50 images from the “Vanilla” sub-program. After the end of the test, the results were first noted down again on paper, then transferred to the Excel spreadsheet. This section of the test also took no longer than three minutes.



For the LAT of facial motor functions, the “myfacetraining” (© My Face Training 1.0, 2018) laterality program was applied. The necessary hardware consisted of a Lenovo™ T490s notebook and a Dell™ control mouse. To familiarize themselves with the user interface, all test persons performed a test run of ten faces. The following instructions were provided:




“Judge intuitively, as quickly but also as accurately as possible the images of faces, whether the activity in the face is on the left or right side. The first-person perspective must be considered. Carry out the task calmly”.





The activities took place in the eye area and around the nose, with tongue and chin movements. All test persons had to judge 48 pictures, which, like the previous test pictures, were partly rotated by 90°, 180°, and 270° (See Figure 3). The test sequence of the 48 images was always the same. After the end of the test, the results were first noted down again on paper, then transferred to the Excel spreadsheet. This part of the test took no longer than three minutes. To date, reference values for healthy control groups show a mean response time of (±SD) 2.54 sec ± 1.20 s and a mean accuracy of (±SD) 89.55% ± 11.45% [11].




2.5.3. Facial Basic Emotion Recognition


In our study, the test of facial basic emotion recognition (FER) was carried out with the help of the “myfacetraining” program. After a short explanation of this part of the test and the following instructions, a total of 42 pictures were assessed by the test persons:




“Judge intuitively, as quickly but also as accurately as possible, the images of faces now shown and the emotions visible in them, happy, surprised, frightened, disgusted, angry, and sad. Carry out the task calmly and don’t be irritated by the picture jumping to the next picture. Just keep doing the task”.





The sequence of the 42 pictures (7 pictures per emotion) was the same for all subjects. After a picture of a face with a neutral expression, the same face changed into an emotional expression, which then had to be assessed. We utilized the “myfacetraining” application, which has been shown to produce significant differences in outcomes in two independent studies, especially in terms of laterality and basic emotion recognition. The consistency of these findings across various studies might indicate that “myfacetraining” is effective in assessing the specific areas it targets [50,51]. Additionally, the app is highly user-friendly for both therapists and patients, making it particularly valuable for seamless integration into therapeutic settings, as it allows patients to easily use it on smartphones.






3. Statistical Analysis


The data were calculated, as already mentioned, by a second assessor—a trained mathematician specialized in biostatistics (W.L.). Sample size calculation was performed for the reaction time in laterality detection as the primary outcome. Equal variances were assumed in the headache group and the control group. Estimates of effect size (ES) and standard deviation (SD) were obtained by averaging the corresponding measures from Schmid and Coppieters (2012) [31], where individuals with carpal tunnel syndrome were compared with healthy controls on laterality ratings of images of hands. The estimated ES and SD were 122 ms and 207 ms, respectively. Similar values were found in a comparison between patients with a history of back pain and those with a history or the presence of back pain [52]. Using the formula to calculate the sample size for the two-tailed t-test for two independent samples, assuming alpha = 0.05, beta = 0.2, and equal-sized groups, the total sample size was n = 92 (i.e., 46 persons per group). With unequal group sizes, the total sample size would increase to n = 102 and n = 122 if the ratio of group sizes were 2:1 and 3:1, respectively. Assuming a dropout rate of 10% (cf. [31]), it was originally planned to recruit 102 subjects (i.e., 51 subjects per group).



To describe the differences in outcome variables between the migraine and control groups, five-number summaries were visualized using box plots for descriptive analysis. Non-parametric ANOVA tests with a two-sided significance level of alpha = 0.05 were applied [53]. To adjust for multiple comparisons, the Bonferroni–Holm method was used. For the statistical analysis, we considered whether to calculate correlations using Pearson or Spearman coefficients. Given the ordinal scale level of many variables, Spearman coefficients were used to capture monotonic correlations. All analyses were conducted using the R statistical software package (Version 4.4.1) [54].




4. Results


4.1. Demographic Characteristics of the Compared Groups


Table 1 presents the baseline characteristics of all test subjects. In addition to general demographic information, including origin and educational background, the extent of headache burden was also documented.



In addition to the general characteristics of the respondents, Table 2 attempts to capture potential confounders that must be considered when interpreting the results.




4.2. Questionnaires


Out of the three questionnaires that were compared (CSI, DASS, and TAS-20), only the questionnaire recording central sensitization (CSI) shows a statistically significant difference between the migraine group and the control group, with a p value of p < 0.001. The remaining parameters from the TAS-20 and DASS questionnaires show no statistically significant differences between the two groups in this study (p = 0.24 and p = 0.39) (Figure 5).




4.3. Laterality Recognition


The accuracy in judging the laterality of hands was similar between the control group (CG) and the migraine group (MG), with no significant differences. For left hands, the median (MD) accuracy was 84% in the CG and 76% in the MG. For right hands, the median accuracy was 88% in the CG and 80% in the MG, with a p value of 1.00, indicating non-significant differences. Likewise, there were no significant differences in the speed of this task. The median time for recognizing left hands was 1.90 s in the CG and 2.20 s in the MG, while for the judgment of right hands, it was 2.10 s in the CG and 2.00 s in the MG (p = 1.00).



The accuracy in judging the laterality of neck movements showed no significant differences between the control group (CG) and the test group (MG). For left neck movements, the median (MD) accuracy was 92% in the CG and 84% in the MG (p = 0.62). For right neck movements, the median accuracy was 88% in the CG and 80% in the MG (p = 1.00). Similarly, no significant differences were observed in the speed of this task. The median time for left neck movements was 1.80 s in the CG and 1.90 s in the MG, while for right neck movements, it was 1.70 s in the CG and 2.00 s in the MG (p = 1.00).



The accuracy in recognizing right facial activity had a median (MD) of 96% in the control group (CG) and 88% in the test group (MG), with a p value of 0.39, indicating a non-significant difference. Left facial activity also showed no significant difference (p = 1.00) between the groups, with a median accuracy of 92% in both the MG and CG. There was no statistically significant difference in the speed of recognizing facial activity on either the right or left side. The median (MD) time for recognizing left-side activity was 1.89 s in the control group (CG) and 2.29 s in the test group (MG). For the right side, the median times were 1.90 s (CG) and 2.18 s (MG), with a p value of 1.00 for both comparisons.




4.4. Facial Emotion Recognition


In the area of FER, there was no statistically significant difference between the two groups after the evaluation of the measurement results (Table 3 and Figure 6 and Figure 7)). Descriptively, the emotion “SAD” (p > 0.05) and the emotion “DISGUST” (p > 0.05) tend to have a lower score in the MG than in the CG.




4.5. Correlation of Alexithymia and Facial Emotion Recognition


In the following, possible correlations between the results of the TAS-20 for alexithymic traits and facial emotion recognition are presented. Weak to moderate monotonic correlations were found in both the migraine group and the control group, as shown in Table 4.



Except for the emotion “DISGUST”, weak to moderate monotonic correlations were found for all emotion expressions in the migraine group, indicating the connection between an increased score on the alexithymia questionnaire and reduced accuracy in the recognition of these facial emotions. Compared to the CG, these weak correlations are more frequent in the MG.





5. Discussion


This study aimed to investigate the associations between high-frequency or chronic migraine without aura and impairments in laterality assessment; facial emotion recognition; and abnormalities in alexithymia, stress, anxiety, depression, and central pain sensitization as measured by questionnaires. Additionally, this study sought to determine whether these aspects correlate with headache-related impairments and to explore the inter-relationships among questionnaire results, facial emotion recognition, and laterality judgment.



Significant differences between the groups can be seen in the test of central sensitization, which was recorded with the CSI questionnaire. The remaining questionnaires did not show a significant statistical result. Above all, the recording of correlations reveals weak monotonic correlations. The recording of alexithymia using TAS-20, as well as facial emotion recognition, also shows weak monotonic correlations for the emotions of FEAR, SAD, and HAPPY. Considerations and reasons for these findings are subsequently discussed methodologically and in terms of content. In doing so, both the limitations and strengths of the present work are presented and reflected upon. These results lead to considerations and suggestions for future research and potential studies in this area while also being evaluated for their clinical and therapeutic relevance, with an outlook presented.



5.1. Methodology


With respect to the questionnaires used in this study, it cannot be excluded that the inclusion of further or other questionnaires could have had an impact of the interpretation of the results. Alexithymia is primarily assessed using TAS-20 or TAS-26, which are, therefore, an adequate choice for assessing emotional blindness in this study. The same applies to the Central Sensitization Inventory (CSI), although it reflects psychological hypervigilance rather than increased responsiveness of nociceptive neurons [55]. In contrast, an assessment of psychological characteristics such as depression, anxiety, and stress is still possible with a variety of other questionnaires, such as the Beck Depression Inventory (BDI), the Beck Anxiety Inventory (BAI), or the Perceived Stress Questionnaire (PSQ) [56]. However, the abundance of questionnaires already to be answered prompted the study author to use the DASS to cover a wider range of psychological aspects with one questionnaire and to avoid possible non-compliance when completing the questionnaires. In addition, it must be repeated that within the DASS, the depression scale alone, with a sensitivity of 77% and a specificity of 83%, achieves an equally good and partly even better result than the described scores to validly detect depression utilizing a questionnaire.



The NOI® Recognise programs represent the best available application for this purpose. Additionally, using these programs facilitates comparability with other studies that have also employed them [11,20,26]. In contrast, the CRAFTA® “myfacetraining” program remains insufficiently studied. Consequently, comparing the present results with other studies is challenging. The most common method for assessing emotion recognition is the FEEL test (Facially Expressed Emotion Labeling—Test), which has already been used in several psychiatric–psychological studies, as well as comparable physiotherapeutic studies [57,58,59,60,61,62]. To date, there is a lack of meaningful correlation studies that support the validity of CRAFTA® “myfacetraining” and can, thus, clarify the results of this study. This program was chosen for its ease of accessibility, user-friendliness, and evaluation parameters of speed and accuracy. However, further research is needed. The good standardization of the test battery enhances the results’ significance. Notably, this study adds ideas and reflects possible challenges for further research on this topic by exploring facial emotion recognition in the context of chronic migraine—an area not previously researched.



This study’s cross-sectional design presents certain limitations, such as the inability to make clear causal determinations or consider risk factors fully. Additionally, recording rare pathologies and diseases requires a large number of subjects, which was challenging in this work. Despite these limitations, this study provides data and considerations for further studies with prospective or retrospective approaches, such as cohort or case–control studies [63].



Based on the considerations mentioned above, a further methodological criticism of this study is the low number of test subjects. Even if the number of cases is calculated against the background of similar studies [31,52] related to laterality recognition, the calculated number of test persons could not be reached. The reasons for this are the lack of funding and the resulting lack of personnel to carry out measurements and elaborate the results. Although speculative, the non-significant results between the two groups are a limitation of this work and must be considered for further work with the aim of obtaining meaningful results.



The healthy CG also presents confounding factors that could influence the results. While the baseline characteristics, such as age and gender distribution, are comparable, differences exist in medication usage and additional complaints or diseases. These factors might affect the participants’ ability to respond accurately and quickly in the tests used in this study.




5.2. Comparison of the Results with Existing Literature


In contrast to the present study, data from a meta-analysis on alexithymia show differences between people with migraine and healthy subjects. The results of the present study cannot reproduce the differences shown by Taxer et al. (2024). It should be noted, however, that the studies examined in this presentation of the meta-analysis all show a high risk of bias, and the results must, therefore, be viewed critically from this perspective [39].



The lack of differences in the area of psychological components is surprising, as large-scale reviews indicate an increased occurrence of these phenomena [64,65], and studies indicate the effectiveness of psychological interventions in the management of migraine [66]. To improve this study, it may be advisable to tighten the inclusion criteria for the healthy group by using multidimensional questionnaires, such as the DASS, to better filter and compare participants without psychological abnormalities. This approach could also be applied more generally to participant selection. If one considers this aspect from a therapeutic clinical point of view, the so-called Örebro Musculoskeletal Screening Questionnaire (OMSQ) is often used in other persistent musculoskeletal syndromes, such as back pain, and screening is subsequently continued with more specific unidimensional questionnaires in the case of abnormalities. As mentioned, this would have added clinical value from a therapeutic point of view [67,68].



The assessment of central sensitization using CSI is not standard in migraine studies. However, intervention studies, in particular, are increasingly using this tool to capture another objectifiable outcome parameter, in addition to limitations with and due to headache frequency or medication use [69]. In detecting possible overlap with other pain syndromes, such as restless leg syndrome, craniomandibular dysfunction, or cranial autonomic symptoms associated with migraine (e.g., runny nose, tearing, and nasal congestion), this questionnaire can indicate the underlying pathomechanism [70,71,72]. Nevertheless, the CSI might be more helpful in detecting psychological hypervigilance than the increased responsiveness of nociceptive neurons [55].



Lüdtke and Edlhaimb (2021) examined LAT of hand and neck movements in patients with episodic migraine over 30 days, recording accuracy and speed of examination and differences in individual pain phases. They found correlations between the headache phases and worsening accuracy but not speed [26]. However, the lack of case-number calculation suggests an insufficient number of subjects, like the present study. Larger studies with more test persons and clearer inclusion and exclusion criteria are needed to obtain meaningful results.



The study of facial emotion recognition in musculoskeletal manifestations is currently limited to syndromes such as low back pain (LBP) [59] and syndromes affecting the orofacial region, such as craniomandibular dysfunction [73] or (chronic) orofacial pain [11,12,57]. A comprehensive review [74] showed that FER has been investigated in psychological studies of healthy subjects and studies of psychiatric and neurological disorders, such as somatoform pain disorder [58], eating disorders [60], and Parkinson’s syndrome [75]. This review concluded that alexithymia could be responsible for deficits in the context of FER, which, in turn, can occur in clinical disorders. The authors described previous studies showing that the correlation of impairment in FER with high scores in alexithymia testing may be partly due to depression and anxiety. In addition, behavioral and neuroimaging studies suggest that alexithymia is associated with processing deficits at the perceptual level [74]. More specifically, FER processing might be particularly impaired in correlation with marked alexithymia when the images are presented briefly and/or the image is degraded. However, the results of previous studies do not allow us to determine whether alexithymia is associated with impairments in processing FER of a particular emotion [74].



These statements are consistent with the results of the present study regarding correlations between alexithymia scores and FER; weak to moderate correlations were found for all emotion expressions, except for the emotion “DISGUST” in the MG. This represents a possible connection between an increased score on the TAS-20 and reduced accuracy in the recognition of these facial emotions, which could not be shown in comparison to the healthy CG. Our study also identified a weak to moderate negative correlation (ρ = −0.26) between DASS questionnaire scores and the ability to recognize the emotion of “FEAR” in the migraine group. This finding suggests that higher levels of depression, anxiety, and stress are associated with poorer fear recognition in this group. No such correlation was observed in the control group. Therefore, using the DASS in the migraine group and subsequently testing facial emotion recognition when higher scores are present could implicate a need for training to address suspected body distortions. To confirm this hypothesis, further specific research is necessary.




5.3. Interpretation of the Results and Outlook


The non-significant results between the two groups do not allow any interpretations or considerations of tendencies in a certain direction from a statistical point of view. Reasons for these results range from the group size not being reached to the still under-researched methods concerning LAT and FER.



The testing of central sensitization using the German version [47] of the CSI questionnaire [76] provides the only statistically significant difference in the study of the two groups. The implementation of this questionnaire would be relevant in a scientific context, as well as in clinical practice, and interesting for possible treatment courses. Although primarily a screening tool, the CSI could be useful as a follow-up parameter during studies and treatments, providing clinical clues to other physical and psychological symptoms for a holistic approach to the patient’s problems. The presentation of confounders also suggests that persistent central sensitization can be associated with various other syndromes. Among others, associations with clinical pictures such as restless leg syndrome and craniomandibular dysfunction, cranial autonomic syndromes, a general sensitivity to pain in subjects with episodic and chronic migraine are linked to the neurophysiological phenomenon of central sensitization in the literature [70,71,72,77]. All too often, there is a danger of pathologizing a physiological phenomenon such as central sensitization and blaming it for a clinical problem [18]. This should be avoided, given current considerations with respect to the IASP concept of nociplastic pain [78] and the new ICD-11 classification of chronic primary pain as a diagnosis in its own right, in that it is defined not only by purely neurophysiological adaptations but also by the existence of functional and emotional impairments [79].



The most frequent additional musculoskeletal disorder in the migraine group (n = 10) is cervical spine-shoulder syndrome. These results go hand in hand with studies on the overlapping of headache syndromes and other complaints pertaining to the musculoskeletal system, particularly in the shoulder–neck region [80,81,82,83]. Central sensitization seems to play an important role in the chronification of pain [84] and is also consistent with considerations of other described persistent syndromes, such as irritable bowel syndrome (n = 1) or chronic gastritis (n = 2). The use of the CSI questionnaire seems even more justified.



In addition to the confounding factors of other symptoms, the difference in the highest level of education also stands out. While 100% of the participants in the healthy control group have a high school diploma (Matura) or a university degree, this applies to 69% of the migraine group. The other 31% of the migraine group have a primary school degree. Socio-economic and educational factors are discussed with respect to (chronic) migraine below. Migraine is indirectly proportionally more common in social classes with lower levels of education and income [85].



A higher score on the TAS-20 questionnaire for alexithymic traits seems to be weakly correlated with poorer recognition of the emotions of FEAR, SAD, HAPPY, SURPRISED, and ANGRY. Compared to the CG, these weak to moderate monotonic correlations could be detected for almost all basic emotions (except DISGUST), which would clinically justify screening for alexithymia in combination with FER. Subsequently, training could influence existing alexithymia. How this might affect the intensity or frequency of migraine cannot be inferred from existing data. This would require actual intervention studies with the mentioned parameters. On a psychological level, the calculation of monotonic correlations for the migraine group between the DASS questionnaire and facial emotion recognition showed a weak to moderately negative monotonic correlation only in the recognition of the emotion of FEAR. The aspect of fear in the course of emotional stress may play a greater role in sufferers with chronic migraine than other emotional stresses, as already indicated by earlier studies and, thus, also supported by the results of this study [86,87,88].



Matamala-Gomez et al. (2022) investigated whether exposure to different visual feedback conditions can modulate pain perception through visually induced analgesia in patients with chronic migraine. The observation of a positive emotional face was sufficient to modulate pain perception. This may be through the mediation of emotional regulation for positive emotions. This study provides a way to integrate cognitive–behavioral interventions into the management of chronic migraine based on the assumption of visually induced analgesia to modulate pain perception in chronic migraine patients [89].



Including the CSI and assessing high alexithymia scores could be relevant for physiotherapeutic possibilities and advanced examination tools. These tests warrant further investigation for definitive recommendations.




5.4. Clinical Implementation


A recent narrative review examines the neurophysiological mechanisms involved in orofacial pain and headaches, emphasizing the importance of assessing facial somatosensory, cognitive-affective, and motor impairments. This review advocates for a multimodal treatment approach that integrates somatosensory reintegration, motor function enhancement, and patient education, showing promise in migraine management when combined with conventional physical therapy [90]. While sensorimotor approaches are increasingly applied in rehabilitation, the evidence supporting laterality training for migraines is limited. However, facial emotion recognition training, specialized orofacial therapy, and pain neuroscience education [91] may offer potential benefits, although further research is necessary.





6. Conclusions


	
The chronic migraine group is characterized by clear central sensitization but not by a significant difference in alexithymia compared with the control group.



	
There is a weak to moderate correlation between alexithymia in the migraine group and emotion recognition for all basic emotions, except disgust.



	
In the control group, there is a moderate correlation between alexithymia and the emotions of fear, disgust, and surprise.



	
Particularly high scores on the Central Sensitization Inventory (CSI) and the Toronto Alexithymia Scale-20 (TAS-20) may suggest facial somatosensory distortion, which is expressed in association reduced facial emotion recognition.



	
These results should be interpreted with caution but offer innovative ideas for further clinical research.










Author Contributions


Conceptualization—B.T. and H.v.P.; Design—B.T., H.v.P., W.L., M.C., and S.L.; Data collection—B.T.; Interpretation—B.T., H.v.P., W.L., M.C., and S.L.; Logistics—B.T. and S.L. All authors discussed the results and contributed to the manuscript. The final draft was written by B.T. and H.v.P. 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 ethical committee for the federal state of Salzburg (Sebastian-Stief-Gasse 2—5020 Salzburg) on 30 August 2021, valid for one year (EC no. 1122/2021).




Informed Consent Statement


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




Data Availability Statement


Supporting (raw) data of this study can be requested from the corresponding or first author.




Conflicts of Interest


B.T. and H.v.P. are members of the CRAFTA® research and teaching faculty. H.v.P. was the main creator of the myfacetraining® program, which was used in this study.





Appendix A. Laterality Recognition


Laterality recognition (LAT), or left–right recognition, describes the mental ability or implicit idea of movement of left or right areas of the body or directions of movement of parts of the body [27,92,93]. Parsons (2001) described these phenomena by observing left and right hands with and without movements and made connections to cognitive psychology, neurology, and neuroimaging sciences [92].



The concept of Graded Motor Imagery (GMI) is based on these ideas and clinical research. Particularly good data are available for Complex Regional Pain Syndrome Type 1 (CRPS Type 1), as well as for other chronic pain syndromes, including normative values for detection speed and accuracy in determining LAT [52,94,95,96]. Clinical applicability, i.e., left–right recognition training using various tools, such as flash cards or mobile apps, has been investigated for CRPS type 1 to date and included in existing guidelines for the treatment of this chronic pain disorder [21,36,37,97].



Other pain syndromes and clinical phenomena that have been investigated using laterality detection are shoulder pain [98], facial pain [11,12], carpal tunnel syndrome [31], back pain [20], neck pain [99], hand osteoarthritis [100], knee osteoarthritis [101], persistent musculoskeletal pain [102], and dizziness [103].



In a large-scale study, Wallwork et al. (2013) were able to collect reference values for a healthy population (n = 1622) regarding right–left recognition of hands. Accordingly, the values for response time were measured, with a mean response time (±SD) of 1.983 s ± 0.557 s and a mean accuracy of (±SD) 87.74 ± 10.63% [99]. This work on norm values of LAT for hands was also able to record reference values for neck movements in a healthy population (n = 1414) and showed a mean response time (±SD) of 1.62 s ± 0.50 s and a mean accuracy (±SD) of 89.75 ± 11.25% [99].



Concerning headache, only one study on laterality recognition has been conducted so far. In a longitudinal cohort study, Lüdtke and Edlhaimb (2021) investigated left–right recognition of hand and neck movements in patients who had suffered from migraine for at least two years and reported more than six attacks per year as inclusion criteria (n = 34) compared to a very small, healthy control group (n = 4). The results show a tendency towards poorer performance on the test in terms of accuracy and speed in the headache group. However, there were no correlations with the dominant headache side. In addition, there was a dependency on the attack phase, in that the test persons showed abnormalities in the test [26].




Appendix B. Facial Emotion Recognition


Paul Ekman, an American anthropologist and psychologist known for his research on non-verbal communication, described six basic emotions expressed through the face. These six emotions—sad, happy, disgust, anger, fear, and surprised—are independent of gender, age, and culture and are very important for the so-called facial reflex in non-verbal communication [104]. In addition to correlating with alexithymia, facial emotion recognition (FER) is impaired in people with chronic facial pain, somatoform disorders, and low back pain [12,58,59,105]. The FER examination works through special visual programs in which people see a series of pictures of faces with the described emotional expressions. They then must accurately name the emotion shown at a given time.



Psychiatric disorders or impairments with a psychiatric background have already been extensively investigated for possible abnormalities in facial emotion recognition. Studies on anorexia nervosa, depression, somatoform disorders, substance abuse, anxiety, and panic disorders, as well as studies on the autism spectrum, show tendencies towards abnormalities, but reliable and reproducible data are lacking [58,60,61,106,107,108]. Studies do support the hypothesis that alexithymia may be responsible for the deficits in FER that occur in some clinical disorders. However, the literature also shows that impairments in processing FER that occur in association with high levels of alexithymia may be partly due to depression and anxiety. Furthermore, behavioral and neuroimaging studies suggest that alexithymia is already associated with processing deficits at the perceptual level. More specifically, FER processing may be particularly impaired in the context of severe alexithymia when test images are presented very briefly and/or when images are of poor quality. Downgraded semantic representations of emotional concepts could also be responsible for the deficits in processing FER in severe alexithymia [74].



In the spectrum of neurological diseases such as stroke, Parkinson’s disease, and other neurodegenerative diseases, studies on FER also show trends towards impairment, which could justify both screenings for and treatment of these deficits [51,62,75,109]. Facial emotion recognition has not yet been studied in the context of chronic migraine. However, the work of Yetkin-Ozdin et al. (2015) showed poorer performance in patients with episodic migraine in both face recognition and visuospatial perception. The authors attributed these results to functional differences in the brains of those affected or to genetic changes [110].



In a functional magnetic resonance imaging (fMRI) study, subjects suffering from episodic migraine showed increased neural activation, primarily in response to fearful faces compared to neutral faces in the right-middle frontal gyrus and frontal area compared to healthy controls. In addition, higher migraine attack frequency was found to be associated with increased activation, primarily in the right primary somatosensory cortex (corresponding to the facial area) for fearful expressions and in the right dorsal striatal regions for happy faces. In both analyses, activation differences remained significant, even after controlling for anxiety and depressive symptoms. These results suggest that an enhanced response to emotional stimuli may explain the migraine-triggering effect of psychosocial stressors, which gradually leads to an enhanced somatosensory response to emotional stimuli and, thus, contributes to the progression or chronification of migraine [111].
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Figure 1. Left–right recognition of hands. Reprinted with permission from ref. [27]. Copyright 2012 Noigroup Publications. 
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Figure 2. Left–right recognition of neck movements. Reprinted with permission from ref. [27]. Copyright 2012 Noigroup Publications. 
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Figure 3. Left–right recognition of facial activity. Example illustrations from the CRAFTA® Laterality Detection Program for the detection of left and right facial activity [11]. 
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Figure 4. Facial emotion recognition. Images from the CRAFTA® emotion recognition program for recognizing emotional expressions in faces (Happy, Sad, Surprised, Anger, Disgust, Fear) [12]. 
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Figure 5. Box plot of CSI, DASS, and TAS-20 questionnaires between the migraine group (MG) and control group (CG) (figures in points). Numbers next to the boxes represent the medians. 
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Figure 6. Number of unanswered/incorrect facial emotion recognition (FER) and answers between the migraine group (MG) and control group (CG). 
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Figure 7. Average facial emotion recognition (FER) response time between the migraine group (MG) and control group (CG). Numbers next to the boxes represent the medians. 
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Table 1. Baseline characteristics of all test subjects.
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	MG (n = 45)
	CG (n = 25)





	Age (mean, ±SD)
	39.18 ± 13.20
	35.56 ± 11.97



	Sex
	f = 39
	f = 21



	Nationality
	n = 45 AT
	n = 25 AT



	Employed
	Yes: n = 33

No: n = 6

Academic education: n = 6
	Yes: n = 15

No: n = 0

Academic education: n = 10



	Highest level

of education
	Primary school: n = 14

Graduate: n = 17

University: n = 14
	Primary school: n = 0

Graduate: n = 12

University: n = 13



	Months with HA

(mean, ±SD)
	273.6 ± 145.1
	---



	Ø HA days/last 3 months (mean, ±SD)
	37.5 ± 19
	---







Abbreviations: AT = Austrian; MG = migraine group; CG = control group; m = male; f = female; n = population; HA = headache; SD = standard deviation.













 





Table 2. Possible confounders to be considered.
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	MG (n = 45)
	
	CG (n = 25)





	Current medication
	NOPA: n = 34

Triptans: n = 22

Tricyclic AD: n = 9

MAB: n = 9
	Anticonvulsive: n = 5 (of which TPM: n = 3)

Beta-Blockers: n = 2

SNRI: n = 2
	---



	Acute and previous non-drug treatment(s)
	Acute:

Physiotherapy: n = 6

Acupuncture: n = 4

Massage: n = 3

Relaxation techniques: n = 2

Psychotherapy: n = 2

Osteopathy: n = 1

Orthodontics: n = 1
	Previous:

Physiotherapy: n = 7

Acupuncture: n = 7

Relaxation techniques: n = 3

Osteopathy: n = 3

Botulinum toxin: n = 3

Massage: n = 2

Orthodontics: n = 1

Biofeedback: n = 1

Migraine surgery: n = 1
	---



	Additional diagnoses
	Cervical-spine shoulder syndrome: n = 10

Depression: n = 3

Anxiety disorder: n = 1

Mb. Hashimoto: n = 3

Hypothyroidism: n = 3

Post-COVID Syndrome: n = 2

Chron. Gastritis: n = 2

Mb. Basedow: n = 1

PCOS: n = 1

Psoriasis: n = 1
	Melkerson-Rosenthal-Syndrome: n = 1

TTH: n = 1

Restless-Leg-Syndrom: n = 1

Irritable bowel syndrome: n = 1

Mb. Raynaud: n = 1

Arterial hypertension: n = 1

Chronic Sinusitis: n = 1

Endometriosis: n = 1

Adipositas: n = 1

CMD: n = 1
	Mb. Basedow: n = 1

PCOS: n = 1

Endometriosis: n = 1



	Persistent pain (>3 months) in other body regions
	Spine: n = 12

Shoulder: n = 5

Hip: n = 1
	
	Spine: n = 2

Knee: n = 1

Lower thigh: n = 1



	Nicotine
	Yes: n = 6

No: n = 39
	
	Yes: n = 1

No: n = 24



	Distance to last menstrual period
	<1 Week: n = 5

<2 Weeks: n = 9

<3 Weeks: n = 1

>4 Weeks resp. menopause: n = 9

No information: n = 15
	
	<1 Week: n = 3

<2 Weeks: n = 4

<3 Weeks: n = 4

>4 Weeks resp. menopause: n = 5

No information: n = 5



	Hormonal treatment
	Thyroid medication: n = 9

Oral contraception: n = 6

Other: n = 5

Hormone coil: n = 3

None: n = 23
	
	Thyroid medication: n = 1

Oral contraception: n = 4

Other: n = 0

Hormone coil: n = 1

None: n = 20







Abbreviations: CMD = craniomandibular dysfunction; MAB = monoclonal antibody therapy; NOPA = non-opioid analgesics; PCOS = polycystic ovarian syndrome; SNRI = serotonin noradrenaline reuptake inhibitor; TPM = topiramate; TTH = tension-type headache; Tricycl. AD = tricyclic antidepressants.













 





Table 3. Results of the facial emotion recognition task between the migraine group (MG) and control group (CG).






Table 3. Results of the facial emotion recognition task between the migraine group (MG) and control group (CG).





	Emotion
	MG

Mean/SD
	CG

Mean/SD
	p-Value





	Fear
	24.51/19.23
	37.72/25.66
	1.00



	Disgust
	59.29/17.94
	69.00/15.26
	0.54



	Surprised
	85.38/16.07
	77.12/21.44
	1.00



	Happy
	96.22/8.82
	95.48/7.92
	1.00



	Sad
	72.64/22.21
	87.48/10.48
	0.12



	Angry
	75.00/15.42
	80.56/10.24
	1.00



	Total number of wrong answers
	24.40/6.54
	20.00/6.14
	1.00



	Total number unanswered
	6.76/6.86
	5.00/4.95
	1.00



	Average response time
	3.12/0.24
	3.18/0.22
	1.00










 





Table 4. Correlations between TAS-20 and facial emotion recognition.
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	Emotion
	Migraine Group

Spearman’s ρ (rho)

Significance p Values
	Control Group

Spearman’s ρ (rho) Significance p Values





	Fear
	−0.24 * (p = 0.11)
	−0.44 * (p = 0.03)



	Disgust
	0.03 (p = 0.16)
	−0.21 * (p = 0.33)



	Surprised
	−0.22 * (p = 0.16)
	−0.26 * (p = 0.21)



	Happy
	−0.21 * (p = 0.16)
	0.03 (p = 0.88)



	Sad
	−0.27 * (p = 0.07)
	0.04 (p = 0.87)



	Angry
	−0.24 * (p = 0.11)
	−0.06 (p = 0.77)



	Total number of wrong answers
	0.21 * (p = 0.16)
	0.48 * (p = 0.02)



	Total number unanswered
	0.19 (p = 0.21)
	0.06 (p = 0.77)



	Average response time
	0.08 (p = 0.59)
	−0.05 (p = 0.81)







* Weak to moderate correlation.
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