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Short report

Stratifying migraine patients based on dynamic pain provocation over the upper cervical spine
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Abstract
Background
Migraine patients usually report a high prevalence of neck pain preceding or during the migraine attack. A recent investigation of musculoskeletal dysfunctions in migraine patients concluded that neck pain is not simply a symptom of the migraine attack but corresponds to identifiable muscle and joint alterations. Particularly pain provocation using palpation of the joints in the upper cervical spine was significantly more prevalent in patients with migraine than in headache-free participants.

Methods
One hundred seventy-nine migraineurs (diagnosed according to IHS classification criteria version III beta) and 73 age- and gender-matched healthy controls were examined by a physiotherapist blinded towards the diagnosis, using a palpation technique over the upper cervical spine. The palpation combined oscillating movements and sustained pressure.

Findings
Using simple palpation of the upper cervical spine, migraine patients can be stratified into three groups: painfree (11%), local pain only (42%), and pain referred to the head during sustained pressure (47%). Combining both test components (palpation and sustained pressure) has a high sensitivity and specificity for migraine.

Conclusions
The response to palpation of the upper cervical spine may indicate migraine subtypes. The presence of musculoskeletal dysfunctions of the upper cervical spine should be identified and treated to avoid ongoing nociceptive input into the trigeminocervical complex.

Trial registration
German Clinical Trial Register DRKS-ID: DRKS00009622.
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Introduction
The influence of peripheral structures such as neck muscles or cervical joints on migraine and associated symptoms is the topic of an ongoing scientific debate. The generally accepted hypothesis, that migraine is mainly a disease of the central nervous system [1] is challenged by the high prevalence of neck pain reported by patients preceding or during the migraine attack [2, 3]. Migraineurs exhibit an increased frequency of musculoskeletal findings, [4–6], which could be based on a co-localization of cervical and trigeminal afferent input in the trigeminal nucleus [7], and a direct connection of peripheral nerves with the dura mater through cranial sutures as has been recently identified in animal models [8].
If there is a causal relationship between peripheral, i.e. cervical structures and migraine, there should be identifiable dysfunctions that are more common in patients with migraine than in headache-free participants. To investigate the frequency and the type of musculoskeletal findings in patients with migraine we recently published a Delphi survey reporting headache assessment tests (HATs) that reached international consensus amongst international experts in physical therapy and headaches, as the most useful for the evaluation of musculoskeletal dysfunctions in patients with headaches [9]. The HATs were subsequently applied to a sample of 138 migraine patients and 73 headache-free control participants using a blinded-examiner design [6]. Results of this study showed a surprisingly high prevalence of musculoskeletal (cervical and thoracic) findings in patients with migraine particularly for trigger points in the suboccipital muscles and for the manual examination of upper cervical joints. Ninety-three percent of the assessed patients had at least 3 different musculoskeletal dysfunctions [6].
These results are in line with publications on smaller migraine populations reporting higher numbers of trigger points [4, 10–12] and reduced upper cervical mobility during joint palpation [12] as well as referred pain during sustained pressure [13] compared to healthy controls. Other publications reported that only cervicogenic headache patients showed joint changes during palpation while migraine patients were not significantly different from healthy controls [14].
The aim of this short report is to evaluate the response of migraine patients compared to healthy controls to palpation of the upper cervical spine (with and without sustained pressure). We hypothesize that this easy procedure will clearly distinguish between patients and controls and will further allow the definintion of clinical subtypes. Potential implications for the underlying pathophysiology and for the clinical management are discussed.

Methods
Participants
The data presented here are based on 252 participants (179 migraineurs and 73 age- and gender-matched healthy controls). Procedures are described in detail elsewhere [6]. In summary, one physiotherapist (more than 20 years postgraduate experience), blinded towards the diagnosis, examined all participants following the recommendations of the international headache experts [9]. Patients were included if they were adult, had a minimum of 2 years of migraine, diagnosed by an experienced neurologist and expert in the diagnosis and treatment of headaches accoring to the IHS classification system [1], and had a minimum of 6 attacks per year. Age- and gender-matched control participants had a maximum of 2 headache episodes per year that did not fulfill the criteria for any primary headache other than episodic tension-type headache. Patients and controls were excluded if they had any pathology in the neck, including diagnosed osteoarthritis, rheumatoid or psychiatric disease or craniomandibular dysfunction. Patients diagnosed with episodic migraine had to be headache-free on the day of the appointment and during the 48 h prior to the examination. Chronic migraine patients were required to be migraine-free on the day of the appointment.

Procedures
Palpation of the upper cervical spine was conducted with the patient positioned in prone, with his/her hands supporting the head. Manual pressure was applied over the midline of C1 and the spinuous processes of C2 and C3. Subsequently pressure was applied over the area of the joint C0/1 and C1/2 on the right and on the left hand side. The exact testing procedure was described by Maitland [15] to test joint dysfunction and by Watson & Drummond to examine headache patients with a sustained pressure technique [13]. Outcomes were pain provocation (yes/no) and referred pain to the head during sustained (maximum of 5 s) pressure (yes/no) (see Fig. 1).[image: A10194_2017_808_Fig1_HTML.gif]
Fig. 1Palpation of the upper cervical spine. 1 = midline C1; 2 = spinuous process C2; 3 = atlantoocipital joint; 4 = antlantoaxial joint




                        

Data analysis
To distinguish subgroups of migraineurs responding differently to palpation of the upper cervical spine, the analysis focused on the number and percentage of patients, who reported either local pain provocation during the manual examination and/or pain referred to the head during sustained pressure. Results across groups were tested for statistical significance using the Chi2 Test.
Test results were evaluated for a correlation with age using biserial point correlation to accommodate for undiagnosed age-related changes. Pearson’s corrlelation was also calculated for the number of headache days per month. A further correlation was conducted with the reported side of the headache symptoms using Cramer’s V for nominal data. The sensitivity and specificity of both components of the test as well as the positive and negative predictive values were calculated using cross-tabulation. All analyses were conducted in SPSS Version 24 (IBM).


Findings
One hundred ninety-five of the 252 participants (descriptive data in Table 1) showed local tenderness on palpation of the upper cervical spine, 159 of these were migraine patients (Fig. 2). Ninety-three participants (82 migraine patients) reported referred pain to the head during sustained pressure (Fig. 2).Table 1Sample description


	 	Migraineurs (n = 179)
	Controls (n = 73)

	Age mean (SD)
	40 (15)
	40 (13)

	Females %
	92%
	84%

	Headache days per month mean (SD)
	12 (8)
	N/A

	Disease duration years(SD)
	19 (13)
	N/A
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Fig. 2Percentages of local and referred pain for migraine patients and controls




                     
Based on these numbers, local pain provocation during palpation of the upper cervical spine showed a high sensitivity of 0.888 and a lower specificity of 0.507, because half of the non-headache participants also reported local pain. The positive predictive value was 0.813 the negative predictive value 0.649.
In contrast, pain referral to the head during sustained pressure showed a sensitivity of 0.466 and a high specificity of 0.845. The corresponding positive predictive value was 0.879 and the negative predictive value was 0.387 (Table 2).Table 2Contingency table for local pain provocation and referred pain in migraine patients and control


	 	No pain
	Local pain
	Total
	No referred pain
	Referred pain
	Total

	Control
	Count
	37
	36
	73
	60
	11
	71

	%
	50,7%
	49,3%
	100,0%
	84,5%
	15,5%
	100,0%

	Migraine
	Count
	20
	159
	179
	94
	82
	176

	%
	11,2%
	88,8%
	100,0%
	53,4%
	46,6%
	100,0%

	Total
	Count
	57
	195
	252
	154
	93
	247

	%
	22,6%
	77,4%
	100,0%
	62,3%
	37,7%
	100,0%




                     
There was no significant correlation of the test result with age for local pain provocation (p = 0.513) or for referral to the head (p = 0.846) but a significant correlation with headache days per month (p = 0.027 for pain provocation and p = 0.019 for referred pain).
Cramer’s V to correlate the typical symptomatic headache side (left, right or both) with the side of the pain provocation (left, right, both) was not significant with p = 0.620.

Discussion
Pain provocation during palpation of the upper cervical spine was significantly more present in migraine patients than in healthy controls. Pain during palpation and sustained pressure classified migraine patients into 3 subtypes:	1.)Patients who did not report any pain during palpation,


 

	2.)Patients who reported only local pain,


 

	3.)Patients who additionally reported referred pain to the head during sustained pressure.


 




                     
Approximately 80% of the migraine patients reported local tenderness during palpation; half of these also had referred pain to the head. The sensitivity and specificity for the two tests in combination is high. These findings confirm the result of a previous smaller scale study on head pain referral in patients with tension-type headache and migraine reporting that 14/14 patients with tension-type headache and 19/20 patients with migraine showed the same phenomenon of head referral during sustained pressure over the upper cervical spine [13]. An earlier study, using a range of physical examination procedures in participants with migraine, tension-type headache and cervicogenic headache, did not identify upper cervical joint dysfunctions in the (albeit small) proportion of migraine patients and the authors concluded that cervical joint findings are part of the diagnostic procedure to distinguish cervicogenic from primary headaches [14]. In this larger sample, both subtypes (with and without tenderness in the neck) were found. This raises the question whether neck tenderness is an indicator for distinct subtypes of migraine: patients with neck pain as a simple symptom prior or during the attack without any identifiable changes in the periphery, and patients where the neck plays a crucial role either as a trigger or as a perpetuator for migraine attacks. The second group, if untreated, could be susceptible to ongoing nociceptive input from the neck, which activates the trigeminocervical system and subsequently leads to more frequent headache attacks, eventually contributing to the transition from episodic to chronic headache [16, 17]. Although these statements were originally related to tension-type headache, considering the partially related pathobiology, this might also be true for migraine.
Manual examination of the C0/1 and the C1/2 joint regions on either side, requires pressure through the suboccipital muscles rectus capitis posterior major (and possibly minor) and obliquus capitis inferior (and partially superior), hence pain provocation during palpation could either indicate muscle or joint changes. While joint changes have not been investigated in migraine patients, upper cervical MRI changes in patients with cervicogenic headaches could not be confirmed [18]. Muscle changes, such as trigger points, however, have been reported frequently in the past [4, 10, 12]. Suboccipital muscles are supplied by the dorsal rami of the first and second spinal nerves. The second spinal nerve is also the source of the greater and lesser occipital nerves. The close proximity of these sensitive structures to the upper cervical joints as well as the convergence of afferent fibers of the cervical and the trigeminal system within the trigeminal nucleus, provide mechanical explanations for the head pain referral during sustained pressure but also for local tenderness during palpation. Consequenty, injections or stimulation of the greater occipital nerve (GON) have been shown to be effective treatment options for some patients with chronic migraine [19, 20]. The mechanism explaining why an intervention to the GON should eliminate trigeminal symptoms is not fully understood but might at least partially rely on the same trigeminocervical convergence theory. One of the clinical predictors for the effectiveness of a greater occipital nerve block is local tenderness over the area of the GON [21], hence both techniques, palpation of the GON and manual joint examination might identify the same subpopulations of migraine patients and might therefore be useful for the choice of the most promising treatment approach.
The sensitivity to palpation in our patients was not correlated to the dominant side of headache. This could be explained by the fact that only approximately 15% of our participants suffered from side-locked headache, while the majority had migraine that could change sides during or across attacks. The obvious non-mechanical explanation for bilateral pain provocation is, that local tenderness and referred pain indicate a generalised hypersensitivity of the suboccipital region due to central sensitisation in this particular subgroup of migraine patients [22]. However, most of the previous publications on hypersensitivity or allodynia in migraine patients, if measured interictally, reported negative or conflicting results. The currently agreed opinion is therefore, that there is probably no difference between migraineurs and controls interictally and that allodynia is part of the attack in a subgroup of patients [23]. Kitaj et al., however, reported lowered pain thresholds in chronic migraine patients compared to episodic migraine patients, even when measured interictally, indicating that disease duration could contribute to the development of central sensitisation. This was particularly evident in the neck region [24].
Whether peripheral tissue such as joints or muscles can indeed trigger migraine attacks and/or contribute to the transition to chronic migraine remains to be investigated. If this hypothesis is confirmed, it is essential to detect and treat musculoskeletal dysfunctions appropriately to reduce incoming nociceptive signals. It is therefore proposed to include manual joint examination into the routine physical examination procedure of migraine patients and to use both components (palpation and sustained pressure) of the tests in combination to reach a high specificity and sensitivity.

Funding
This study was supported by the German Migraine and Headache Society (DMKG) and International Maitland Teachers Association (IMTA) to KL and by the 7th Framework EU-project EuroHeadPain (#602633) to AM.


Authors’ contributions
KL carried out the data collection, performed the statistical analyses and drafted the manuscript AM participated in the design of the study and helped to draft the manuscript. Both authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]
                           Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.

References
1.
Headache Classification Committee of the International Headache Society (IHS) (2013) The International Classification of Headache Disorders, 3rd edition (beta version). Cephalalgia 33:629–808. doi: 10.​1177/​0333102413485658​
                        Crossref

2.
Lampl C, Rudolph M, Deligianni CI, Mitsikostas DD (2015) Neck pain in episodic migraine: premonitory symptom or part of the attack? J Headache Pain 16:566. doi: 10.​1186/​s10194-015-0566-9
                        CrossrefPubMed

3.
Ashina S, Bendtsen L, Lyngberg AC et al (2015) Prevalence of neck pain in migraine and tension-type headache: A population study. Cephalalgia 35:211–219. doi: 10.​1177/​0333102414535110​
                        CrossrefPubMed

4.
Fernández-de-Las-Peñas C, Cuadrado ML, Pareja JA (2006) Myofascial trigger points, neck mobility and forward head posture in unilateral migraine. Cephalalgia 26:1061–1070. doi: 10.​1111/​j.​1468-2982.​2006.​01162.​x
                        CrossrefPubMed

5.
Bevilaqua-Grossi D, Pegoretti KS, Goncalves MC et al (2009) Cervical mobility in women with migraine. Headache 49:726–731. doi: 10.​1111/​j.​1526-4610.​2008.​01233.​x
                        CrossrefPubMed

6.
Luedtke K, Starke W, May A (2017) Musculoskeletal dysfunction in migraine patients. Cephalalgia:333102417716934. doi: 10.​1177/​0333102417716934​
                        

7.
Bartsch T, Goadsby PJ (2003) Increased responses in trigeminocervical nociceptive neurons to cervical input after stimulation of the dura mater. Brain 126:1801–1813. doi: 10.​1093/​brain/​awg190
                        CrossrefPubMed

8.
Schueler M, Neuhuber WL, De Col R, Messlinger K (2014) Innervation of rat and human dura mater and pericranial tissues in the parieto-temporal region by meningeal afferents. Headache 54:996–1009. doi: 10.​1111/​head.​12371
                        CrossrefPubMed

9.
Luedtke et al. (2016) International consensus on the most useful physical examination tests used by physiotherapists for patients with headache: A Delphi study. Manual Therapy, under revision

10.
Calandre EP, Hidalgo J, García-Leiva JM, Rico-Villademoros F (2006) Trigger point evaluation in migraine patients: an indication of peripheral sensitization linked to migraine predisposition? Eur J Neurol 13:244–249. doi: 10.​1111/​j.​1468-1331.​2006.​01181.​x
                        CrossrefPubMed

11.
Ferracini GN, Chaves TC, Dach F et al (2016) Relationship Between Active Trigger Points and Head/Neck Posture in Patients with Migraine. Am J Phys Med Rehabil 95:831–839. doi: 10.​1097/​PHM.​0000000000000510​
                        CrossrefPubMed

12.
Tali D, Menahem I, Vered E, Kalichman L (2014) Upper cervical mobility, posture and myofascial trigger points in subjects with episodic migraine: Case-control study. J Bodyw Mov Ther 18:569–575. doi: 10.​1016/​j.​jbmt.​2014.​01.​006
                        CrossrefPubMed

13.
Watson DH, Drummond PD (2012) Head pain referral during examination of the neck in migraine and tension-type headache. Headache 52:1226–1235. doi: 10.​1111/​j.​1526-4610.​2012.​02169.​x
                        CrossrefPubMed

14.
Jull G, Amiri M, Bullock-Saxton J et al (2007) Cervical musculoskeletal impairment in frequent intermittent headache. Part 1: Subjects with single headaches. Cephalalgia 27:793–802. doi: 10.​1111/​j.​1468-2982.​2007.​01345.​x
                        CrossrefPubMed

15.
Maitland GD (2013) Vertebral Manipulation, 4th edn. United Kingdom: Butterworth-Heinemann

16.
Arendt-Nielsen L, Castaldo M, Mechelli F, Fernández-de-Las-Peñas C (2016) Muscle Triggers as a Possible Source of Pain in a Subgroup of Tension-type Headache Patients? Clin J Pain 32:711–718. doi: 10.​1097/​AJP.​0000000000000318​
                        CrossrefPubMed

17.
Fernández-de-Las-Peñas C, Alonso-Blanco C, Cuadrado ML et al (2006) Myofascial trigger points and their relationship to headache clinical parameters in chronic tension-type headache. Headache 46:1264–1272. doi: 10.​1111/​j.​1526-4610.​2006.​00440.​x
                        CrossrefPubMed

18.
Knackstedt H, Bansevicius D, Aaseth K et al (2010) Cervicogenic headache in the general population: the Akershus study of chronic headache. Cephalalgia 30:1468–1476. doi: 10.​1177/​0333102410368442​
                        CrossrefPubMed

19.
Inan LE, Inan N, Karadaş Ö et al (2015) Greater occipital nerve blockade for the treatment of chronic migraine: a randomized, multicenter, double-blind, and placebo-controlled study. Acta Neurol Scand 132:270–277. doi: 10.​1111/​ane.​12393
                        CrossrefPubMed

20.
Saper JR, Dodick DW, Silberstein SD et al (2011) Occipital nerve stimulation for the treatment of intractable chronic migraine headache: ONSTIM feasibility study. Cephalalgia 31:271–285. doi: 10.​1177/​0333102410381142​
                        CrossrefPubMedPubMedCentral

21.
Jürgens TP, Müller P, Seedorf H et al (2012) Occipital nerve block is effective in craniofacial neuralgias but not in idiopathic persistent facial pain. J Headache Pain 13:199–213. doi: 10.​1007/​s10194-012-0417-x
                        CrossrefPubMedPubMedCentral

22.
Goadsby PJ (2005) Migraine, allodynia, sensitisation and all of that. Eur Neurol 53(Suppl 1):10–16. doi: 10.​1159/​000085060
                        CrossrefPubMed

23.
Burstein R, Yarnitsky D, Goor-Aryeh I et al (2000) An association between migraine and cutaneous allodynia. Ann Neurol 47:614–624CrossrefPubMed

24.
Kitaj MB, Klink M (2005) Pain thresholds in daily transformed migraine versus episodic migraine headache patients. Headache 45:992–998. doi: 10.​1111/​j.​1526-4610.​2005.​05179.​x
                        CrossrefPubMed




OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/A10194_2017_808_Fig1_HTML.gif





OEBPS/contact.gif





OEBPS/A10194_2017_808_Fig2_HTML.gif
Percentage of participants

local tenderness.

<0001

raferved pain

migraine
control





