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Habitual cervical posture in females with episodic cervicogenic headache versus asymptomatic controls





















































Abstract
Objectives. Comparison of the habitual cervical posture between a headache-and control-group by using a (1) relative (ratio habitual cervical posture to maximal active cervical flexion) and a (2) longitudinal approach compared to a conventional  approach. 
Methodology. Case-controlled longitudinal (pre-post) comparison of the habitual cervical posture referred to the maximal active cervical flexion between 17 women with secondary episodic cervicogenic headache (23.2 ± 1.8 years) and 17 matched controls (23.6 ± 2.2 years) before and after a desk-task. Habitual cervical posture and maximal active cervical flexion were measured with a cervical range of motion device (degrees) before and after a desk-task (manually completing the Headache Impact Test-6, Short Form Health Survey-36, general informative questionnaire during 20 minutes).
Results. During the pre-test the headache-group differed significantly (P < .05) from the control-group by showing a: (1) smaller maximal active cervical flexion, (2) positive correlation (ρ .56) between maximal active cervical flexion and the habitual cervical posture. After the desk-task the headache-group versus the control-group showed a significant (P < .05): (1) habitual cervical posture towards flexion, (2) negative correlation (ρ -.64) between more cervical flexion at the pre-test and a more cervical extension during the post-test, and (3) positive association (P < .001) between a larger habitual cervical posture referred to the maximal active cervical flexion and a higher headache intensity.
Conclusion. Longitudinal measurements of the ratio habitual cervical posture to the maximal active cervical flexion seem to be more sensitive to capture small cervical postural differences between patients with secondary cervicogenic headache and a control-group compared to absolute, cross-sectional measurements.
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Introduction 

According to the World Health Organization 25% of the world population was physically not active enough in 2017.1 A shortage of physical activity was mostly due to an increased sedentary behavior during both occupational and domestic activities, and has been proven to be a serious risk to develop neuro-musculoskeletal complaints.1,2 Multifactorial interactions between physical workload, psychosocial factors, duration of computer use and sitting posture contribute to the development of such neuro-musculoskeletal complaints.3-9 Deskwork typically elicits poor ergonomic postures which are characterized by a lack of postural variability, less head movement, an increased neck flexion and a chin poke.9-13 
Physical symptoms, such as headache, increase with the duration of daily visual display terminal use.14 The development of headache is presumed to be related to an increased cervical flexion or forward head posture during writing, laptop, desktop, smartphone or tablet use.15 If sustained, such postures increase the biomechanical momentum, limit postural variability, diminish proprioception and eventually enlarge the neutral zone.16-18 Such an enlarged neutral zone can be a source of spinal instability, inflammation and finally pain.19-22 Postural deviations from the neutral zone are demonstrated in patients with tension-type or cervicogenic headache.9,19 It is relevant to detect such deviations in the habitual cervical posture since even small postural changes can considerably increase the load on musculoskeletal structures.12,23 The use of conventional designs in which posture is measured as an absolute outcome however, might limit the identification of small differences in postural outcomes between groups. Inter-individual cervical postural heterogeneity appears to be a barrier when looking for small differences between groups.24,26 Individual postural measures related to the maximal range of motion seem therefore more relevant to detect differences.10 Habitual postures located to the extremes of a range could explain the development of pain compared to the unreferenced posture. End-range postures increase load on supporting passive and active structures which could provoke tissue sensitization and pain.27-29 The habitual cervical posture of patients with cervicogenic or tension-type headache, namely an increased cervical flexion, might be such an end-range posture.12,19,24,25 In addition, habitual sitting postures are activity-related.24 Recent findings emphasize the time dependency of changes in habitual cervical posture in patients with headache, namely a shift from cervical flexion to cervical extension while performing a laptop task.30 Such findings demonstrate the importance of the use of longitudinal designs to detect differences in postural behaviour. 
Hence, the objective of the current study is to explore if postural differences can be detected between patients with secondary episodic cervicogenic headache and asymptomatic controls. Therefore, 1) the ratio of the habitual cervical posture referred to the maximal active cervical flexion, and 2) a longitudinal approach will be compared to a conventional approach.
The habitual cervical posture of patients with secondary episodic cervicogenic headache is hypothesized to be located more to the end-range of the maximal active cervical flexion compared to asymptomatic controls. Secondly, longitudinal postural analyses are hypothesized to be more relevant in detecting postural differences between patients with secondary episodic cervicogenic headache and asymptomatic controls compared to cross-sectional analyses.

Methods

Design
A case-controlled longitudinal (pre-post) comparison of the habitual cervical posture referred to the maximal active cervical flexion was conducted between women with secondary episodic cervicogenic headache and matched asymptomatic controls.
Two research questions were analyzed: 
a. Is a relative (ratio habitual cervical posture to the maximal active cervical flexion) approach more relevant to detect differences in habitual cervical posture between women with secondary episodic cervicogenic headache and asymptomatic controls compared to an absolute approach? 
b. Is a longitudinal (pre-post) approach more relevant to detect differences in habitual cervical posture between women with secondary episodic cervicogenic headache and asymptomatic controls compared to a cross-sectional approach? 

Participants
Twenty-eight candidates for the headache-group (HAg) and 22 for the control-group (Cg) responded to a general call launched at ------------------------. 
Inclusion criteria for the HAg were: females, -----------, between 18 and 30 years, fulfilling the ‘International Classification of Headache Disorders 3’ diagnostic criteria of secondary episodic cervicogenic headache (Table 1).31 Exclusion criteria were: pregnancy, physiotherapy for head-or neck-related disorders, serious pathology (musculoskeletal, neurological, endocrine, cardiovascular, psychiatric), pain radiation to the arm(s), medication overuse, history of neck/head trauma.
Inclusion criteria for the Cg were: asymptomatic females, ------------, between 18 and 30 years. Exclusion criteria were: pregnancy, physiotherapy for head-or neck-related disorders, serious pathology (musculoskeletal, neurological, endocrine, cardiovascular, psychiatric), pain radiation to the arm(s), medication overuse, history of neck/head trauma.
After using an informative questionnaire with the in-and exclusion criteria (composed by a neurologist), and an examination by an experienced (10 years) physiotherapist with a master degree in manual therapy (researcher), 11 participants were excluded from the HAg. Reasons for exclusion were: migraine (n = 2), age (n = 2), trauma (n = 1), co-morbidity (n = 2) and recent treatment for headache (n = 4). Five participants were excluded from the Cg for age (n = 4) and recent trauma (n = 1). Eventually, 17 participants met the criteria for the HAg (Table 1) and 17 asymptomatic female participants were matched for age to compose the Cg.   
The study is registered as an ‘Observational Study’ at ‘ClinicalTrials.gov (ID ------------------)’ and the Medical Ethical Committee of the ‘---------------------’ granted approval (ref. ------------------). All participants signed the written informed consent in which information was given concerning the confidentiality of the data. The protection of personal data is legally determined by the law of December 8th 1992 on the protection of privacy according to the --------- law. Included participants were anonymized through a numeral code according to their features (Headache or Control). The researcher (--) who performed the testing and statistical analysis only had access to encoded data while an independent researcher (--) provided the encoding. 

[Table 1]

Outcomes, measurements and instruments
The habitual cervical posture and maximal active cervical flexion were primary outcomes expressed as angles in degrees (°). The angles were referred to the vertical axis. Negative angles indicated an extension momentum, positive angles a flexion momentum. 
The habitual cervical posture and maximal active cervical flexion were evaluated with a cervical range of movement device (CROM) (Performance Attainment Associates, St. Paul, MN, USA).32 The CROM is a reliable instrument to assess the sagittal cervical range of motion in healthy participants (test-retest inter-correlation coefficient 0.89-0.98).32 Pearson's correlation revealed a good construct validity with the Fastrak for sagittal measures (extension .98 and flexion .93).33  
Headache intensity (100 mm Visual Analogue Scale for pain intensity (VAS (mm) per attack during a month)34, duration (hours per month), frequency (days per month), referred pain from the neck (yes or no), physical activity (hours per week) (International Physical Activity Questionnaire, IPAQ)35 and time spend using a computer (hours per week) were secondary outcomes extracted from the ‘------------Headache Society’ diary and the IPAQ which had to be completed four weeks before the start of the study.

Test Procedure
A condition to be measured was a VAS-score of 0 mm on the test day. The participant was seated on a chair without back support, both feet on the floor, 90° flexion of the hips and knees, and the arms uncrossed on the thighs.36 A CROM-device was attached to the participant’s head to measure the habitual cervical posture. The participant was asked ‘to sit as you usually do’ without providing instructions or feedback.10,30,37,38 Distraction from postural awareness was created by involving the participant in a conversation (10 minutes). Next, the habitual cervical posture was measured.
Hereafter, the spine was neutrally positioned from lumbar to cervical by the researcher.30 From this posture two maximal active cervical flexion movements were executed guided by the researcher.39 This particular movement was taught with a chin-tuck (‘nod your head to make a double chin’) to obtain a full range of motion. After two exercise trials the results of two measurements, with a five-minute-pause, were averaged. The test procedure was executed before (pre-test) and after a desk-task (post-test). After testing the 100 mm VAS-headache intensity was questioned. 
Desk-task specifications
Participants were seated at a standard desk (height 74 cm, depth 80 cm, width 120 cm) (Bureau voor Normalisatie NBN-EN527) on a height-adjustable office chair without back support. Three questionnaires were manually completed (Headache Impact Test-6, The Short Form-36 Health Survey, General informative questionnaire) to mimic a functional desk-task. The time to complete the task took 20 minutes.12 

Statistics
Analysis was done via SAS JMP version 12.2. Two-tailed P values were reported with a 95% confidence level (P < .05). Parametric or non-parametric statistics were applied based on the assumptions: sample size, normality (QQ-plot, Shapiro-Wilk) and equivalence of variance (Brown-Forsythe). In case of normal distribution, results were expressed by the mean (standard deviation), not normal distribution by the median (25 (Q1) and 75% (Q3) quartiles). Confidence intervals (95% CI) were provided. Based on the assumptions (linearity, equal variances and normal distribution) Pearson’s r, Spearman’s ρ or Chi square estimated possible correlations.
Concerning the cross-sectional measurements (pre-test), a Wilcoxon Ranked Sum test was performed to compare median habitual cervical postures (degrees) between groups. The unpaired t-test was used to compare mean maximal active cervical flexion (degrees) and the ratio habitual cervical flexion to maximal active cervical flexion between groups.  
Regarding the longitudinal measurements (post-test minus pre-test), the Wilcoxon Signed Rank test and the Wilcoxon Ranked Sum were performed to evaluate median habitual cervical postures (degrees) from pre-to post-test (∆x̅ post minus pre) respectively within and between groups. The paired t-test and unpaired t-test were used to evaluate mean maximal active cervical flexion (degrees) and the ratio habitual cervical flexion to maximal active cervical flexion from pre-to post-test (∆x̅ post minus pre) respectively within and between groups.
Correlations solely involving postural variables were expressed through Spearman’s ρ, correlations involving the VAS through Chi square (Table 4). 
Depending on the variable (maximal active cervical flexion or habitual cervical posture) between 8 and 24 participants per group were needed to obtain a power of 80% (α 0.05).19,30 Effect sizes (µ1-µ2/σ1) for maximal active cervical flexion and habitual cervical posture were .55 and -.16 respectively. 

Results

Characteristics of the participants
Table 2 summarizes the characteristics of the participants based on the data from the diary and the International Physical Activity Questionnaire.  

[Table 2]

Cross-sectional analysis of the habitual cervical posture and maximal active cervical flexion 
Group comparisons 
The habitual cervical posture did not differ between groups. The maximal active cervical flexion differed significantly (P = .01) between the HAg and Cg with lower values for the HAg. No significant differences were found between the groups for the ratio habitual cervical posture/maximal active cervical flexion (Table 3). 

Correlations 
In the HAg, the maximal active cervical flexion was significantly (P = .02) positively correlated (ρ = 0.56) with the habitual cervical posture. For both groups, the habitual cervical posture showed no correlation with physical activity, nor time spend behind a computer (Table 4).

Longitudinal analysis of the habitual cervical posture and maximal active cervical flexion
Group comparisons 
The habitual cervical posture of the HAg and Cg did not change significantly, neither within nor between groups, after the desk-task. In the HAg however, the position of the habitual cervical posture to the maximal active cervical flexion changed significantly (P = .04) from pre-to post: the habitual cervical posture in the HAg moved towards flexion (Table 3). Pain intensity after the desk-task significantly (P < .001) differed between groups with higher scores in the HAg .
 
Correlations 
Changes in the ratio of the habitual cervical posture to the maximal active cervical flexion after the desk-task were significantly (P = .004) negatively correlated (ρ = -.64) with the pre-test maximal active cervical flexion in the HAg (Table 4). A larger habitual cervical posture to maximal active cervical flexion ratio was significantly (P = .01) positively associated with a higher headache intensity in the HAg (Table 4).

[Table 3]

[Table 4]

Discussion
Absolute, cross-sectional measurements of the habitual cervical posture might be not sensitive enough as an outcome to capture cervical postural differences between a headache-group versus a control-group.9,10,30 As an alternative, our study refers habitual cervical posture to the maximal active cervical flexion before and after a desk-task. Our results show that the HAg significantly differed from the Cg during the pre-test by showing a: 1) smaller maximal active cervical flexion, and 2) positive correlation between maximal active cervical flexion and habitual cervical posture. 
After the desk-task (post-test) the HAg showed a significant: 1) habitual cervical posture towards flexion, 2) a positive correlation between cervical flexion at the pre-test and cervical extension during the post-test, and 3) higher headache intensity if the habitual cervical posture progressed towards flexion. 

Participants 
Females with episodic, rather than chronic cervicogenic headache were included. The multi-factorial interactions, complex pathophysiology and musculoskeletal dysfunctions in patients with chronic headache cause heterogeneity which might influence postural measurements.37,40 Further, only females were included since females are known to have lower nociceptive thresholds for mechanical stimuli, and a higher general joint mobility.41,42 Restricted age ranges (between 18 and 30 years) were used to limit the effect of age on the outcomes. Older age for instance, is associated with a larger forward head posture and less cervical mobility.43 

Cross-sectional analysis of the habitual cervical posture and maximal active cervical flexion 
Recently an expert panel supported the active cervical range of motion (CROM) as a clinically useful test to evaluate musculoskeletal dysfunctions in patients with tension-type and cervicogenic headache.44 A reduced active or passive CROM has significant implications on cervical proprioceptive mechanisms. If proprioception fails, postural control reduces and the load on spinal tissue increases.23,45 The active CROM in the HAg was in the lower quartile of normative values according to Chen et al. 1999 (flexion 69-48°).46 
Next, maximal active cervical flexion and a habitual cervical flexion posture were positively correlated in the HAg. A possible explanation for this observation could be that prolonged postures cause constant strain on cervical tissue which may lead to the expulsion of water from spinal tissue and induce creep.17,18,20 As a result of ligament laxity and muscle strain muscle spindles might become desensitized which could impair protective reflex activation of spinal muscles.47 Such processes are hypothesized to explain a larger range of motion, since the resistance to movement gradually decreases.48 Prolonged postures which lack variability and induce creep are harmful because they activate cervical nociceptors.29,49 Potential cervical pain generators related to headache are innervated by C1-C3 afferent spinal nerves and include the suboccipital muscles, atlanto-occipital, atlanto-axial and C2-3 zygapophysial joints, C2-3 intervertebral disc, cervical dura mater and vertebral arteries.50 Although there is no direct connection between the cervical spine and the trigeminal nerve, nociceptive information from the trigeminal and cervical territories activate the neurons in the trigeminal nucleus caudalis that extend to the C2 spinal segment and lateral cervical nucleus in the dorsolateral cervical area. This overlap between the trigeminal nerve and cervical is known as a convergence mechanism which could be responsible for pain in the face and head region.50,51
Snodgrass et al. (2014)52 however, reported limited evidence for the diagnostic value of a CROM-test as an exclusive diagnostic criterion in cervical radiculopathy, cervicogenic headache and cervical spine injury. A diagnosis needs to be supported by a thorough anamnesis, supplemented with a cluster of clinical tests to gain insight in the provocative factor(s).44 

Longitudinal analysis of the habitual cervical posture and maximal active cervical flexion  After the desk-task task the habitual cervical posture within the HAg shifted towards flexion. Postural analyses of Australian adolescents and white-collar workers during desk work revealed an increased work-related cervical flexion moment which leads to a flexed habitual cervical posture.24 Active cervical flexion however, might decrease after sustained computer work.53-56 
In our study the ratio of the habitual cervical posture to the maximal active cervical flexion after the desk-task was negatively correlated with the pre-test maximal active cervical flexion (Table 4). Clinically, this posture might implicate that participants in the HAg adopted a more upright posture if the original cervical mobility was larger. Such upright posture could then be a defensive response against flexion-induced creep.30 Prolonged postures can induce temporary changes in the musculoskeletal system and thereby enlarge the neutral zone.17,18 
Although the postural differences in our study seem small, they still deserve attention (Table 3). Subtle angular changes can cause excessive loading on the cervical spine.10,12,23 Edmondston et al. (2007)10 reported a baseline difference of less than 4° in habitual sitting posture between participants with postural neck pain and a control-group. Similar small cervical postural differences were reported by Szeto et al. (2005b)12 between patients with chronic neck pain and healthy controls. An increased load on cervical soft tissue could activate C1-C3 nociceptors which results in headache trough convergence.50,51 In our study the HAg is experiencing a significant (P < .001) higher headache intensity after a brief desk-task compared to the Cg (HAg VAS 41 mm (1.6) vs. Cg VAS 11 mm (2.2)). A positive association between a larger habitual cervical flexion posture and higher scores on the VAS was observed (Table 4). It could be hypothesized that awkward or stressful cervical postures might irritate the cervical dura mater via the rectus capitis posterior minor muscle (RCPmi).57,58 Maladaptive postures could interfere with the activity and structure of the RCPmi. As a response the RCPmi could become hypertrophic (traction on the cervical dura) or atrophic (cervical dural infolding) in prolonged flexed postures due to an increased activation to resist angular flexion of the head, or pain-related disuse respectively.57-59 Dysfunctions of the RCPmi could alter cervical posture and transfer stressful forces to the highly nociceptive (Aδ-and C-fibres) innervated cervical dura. Headache may then develop as a consequence of C1-C3 dural afferents converging at the trigeminal nucleus caudatus.50,51 Recent research confirmed that dural irritation induces trigemino-cervical sensitization, stimulates descending pain-facilitating processes and impairs descending pain-inhibition.60 

Limitations 
Case-controlled studies are sensitive to selection bias. Generalisation of the results is therefore limited to females with secondary episodic cervicogenic headache between 18 and 30 years. The current study cannot provide the reader with causal relations between secondary episodic cervicogenic headache and posture because of the observational design. Given the explorative nature of the study no corrections for multiple testing were applied. The authors realize the possible implications (type-I(α) fault). Measurements are limited to flexion and extension of the total (namely upper and lower) cervical spine without dividing the cervical spine in an upper and lower segment. 

Future research 
Longitudinal research is needed to gain insight in habitual postural behaviour as a cause for neuro-musculoskeletal complaints. To detect small differences we recommend rather relative, than absolute measurements.10,26 In this perspective not only the dynamic nature of habitual cervical posture but also the entire spine ought to be considered.15,16,27 Although the CROM is valid, reliable and easy to use in clinical practice, 3D-measurements can be useful to support the diagnostic phase. Identification of headache-determinants in order to support diagnoses and prevention should also involve exploring the biopsychosocial character of headache. Future studies should include all ages. It seems however appropriate to demarcate specific age groups. Gender and lifestyle factors such as physical activity, sleeping pattern, nutrition, emotions and psychosocial status could influence peripheral and central pain processes. It might be questioned if such processes disturb cervical proprioception.  


Conclusion
Results of the current study indicate that there are indications that longitudinal measurements (pre-post design) of the ratio habitual cervical posture to the maximal active cervical flexion are more sensitive to capture small cervical postural differences between participants with secondary cervicogenic headache and a control-group. 
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Table 1. Diagnostic criteria of cervicogenic headache by the International Classification of Headache Disorders-III31

	Inclusion-criteria
	
	

	Description 
	Headache caused by a disorder of the cervical spine and its component bony, disc and/or soft tissue elements, usually but not invariably accompanied by neck pain.
	

	Diagnostic criteria 
	A. Any headache fulfilling criterion C
B. Clinical and/or imaging evidence1 of a disorder or lesion within the cervical spine or soft tissues of the neck, known to be able to cause headache
C. Evidence of causation demonstrated by at least two of the following:
1. headache has developed in temporal relation to the onset of the cervical disorder or appearance of the lesion
2. headache has significantly improved or resolved in parallel with improvement in or resolution of the cervical disorder or lesion
3. cervical range of motion is reduced and headache is made significantly worse by provocative manœuvres
4. headache is abolished following diagnostic blockade of a cervical structure or its nerve supply
D. Not better accounted for by another ICHD-3 diagnosis
	


	Provocation 
	Headache provoked by at least one of the following: 
1. Cervical posture (e.g. forward head posture )
2. Sitting posture
3. Repetitive cervical movement 
4. Prolonged sitting posture 
	

	Autonomous 
	1. No nausea or vomiting 
2. No photophobia or no phonophobia 
	

	Duration
	At least 10 episodes of headache occurring on 1-14 days per month on average for > 3 months (≥ 12 and ≤ 180 d/y) and lasting from 30 minutes to 7 days


ROM, Range of Motion; d/y, days per year; ICHD, International Classification of Headache Disorders


























Table 2. Summary of the mean group characteristics 
	
	HAg (n = 17)
	Cg (n = 17)
	P value 

	Age, mean (SD), y 
	23.2 (1.8)
	23.6 (2.2)
	.51

	Headache duration, hours per month (SD)
	5.6 (3.9)
	N/A
	N/A

	Headache intensity, 100 mm VAS per attack (SD) month)
	15.7 (5.2) 
	N/A
	N/A

	Headache frequency, days per month (SD)
	7.5 (5.7)
	N/A
	N/A

	Referred pain from the neck (n)
     - Location (n)
	14
Upper cervical spine (n = 10)
Mastoid process 
(n = 4)
	N/A
	N/A

	Physical activity (IPAQ), hours per week (SD) 
95% CI
	3.5 (3)
(2 to 5)
	4 (2.3)
(2.9 to 5.2)
	.51 

	Time spend using a laptop or PC, hours per week (SD)
95% CI 
	32.7 (12.6)
(26.4 to 39)
	29.2 (17.4)
(20.6 to 37.9)
	.51 


HAg, headache-group; Cg, control-group; y, years; n, number of participants; SD, standard deviation; VAS, 100 mm visual analogue scale; IPAQ, International Physical Activity Questionnaire; N/A, not applicable; P value, unpaired t-test; CI, 95% confidence interval 









Table 3. Comparison of postural variables within and between the HAg (n = 17) and Cg (n = 17)
	HCP Median (IQR)
	HAg 
	Cg
	P value‡

	HCP pre-test (°)
	-3 (-7.3 ; 2.3)  
	-3.5 (-7.5 ; 4) 
	.37

	HCP post-test (°)
	-2.5 (-7 ; 3.3)
	-1 (-6.3 ; 1) 
	.98 

	∆HCP (P value†)
	.28 
	.13
	.76 

	MCF Mean (SD)
95% CI
	HAg 
	Cg 
	P value∆

	MCF pre-test (°)

	54.1 (13.7) 
(47.2 to 60.9)
	63.6 (7.1) 
(60.1 to 67.1)
	.01*

	MCF post-test (°)

	53.2 (9.6) 
(48.4 to 58)
	63.6 (6.6) 
(60.3 to 66.9)
	.02*

	∆MCF (P value◊)
	.72
	1
	.54 

	Ratio HCP/MCF Mean (SD)
95% CI
	HAg
	Cg
	P value∆

	Ratio pre-test

	-0.06 (0.19) 
(-0.10 to 0.03)
	-0.05 (0.11)
(-0.10 to 0)
	.42

	Ratio post-test 

	0.07 (0.04) 
(-0.01 to 0.15) 
	0.03 (0.03) 
(-0.04 to 0.09)
	.78  

	∆Ratio (P value◊)
	.04* 
	.36  
	.46 


HAg, headache-group; Cg, control-group; IQR, Inter Quartile Range (Q1 ; Q3); P value‡, Wilcoxon Ranked Sum (between); P value†, Wilcoxon Signed Rank (within); º, degrees; *, p < .05; ∆, post minus pre; n, number of participants; HCP, habitual cervical posture; MCF, maximal active cervical flexion; SD, standard deviation; P valueΔ, unpaired (between) t-test; P value◊, paired (within) t-test; CI, 95% confidence interval
Table 4. Postural correlations within the HAg (n = 17) and Cg (n = 17)
	Pre-test correlations 
	HAg
	Cg

	HCP vs. MCF
	ρ 0.56 (p = .02*)
	ρ 0.19 (p =.46)

	HCP vs. physical activity
	ρ 0.41 (p = .09)
	ρ 0.09 (p = .73)

	HCP vs. computer time 
	ρ 0.27 (p = .27)
	ρ 0.37 (p = .13)	

	VAS vs. ratio HCP/MCF
	ρ -0.21 (p = .41)
	N/A

	Post-test correlations
	HAg
	Cg

	Pre-test MCF vs. ∆HCP/MCF
	ρ -0.64 (p = .004*)
	ρ -0.12  (p = .65)	

	VAS vs. ∆HCP/MCF
	p = .01*
	p = .99


[bookmark: _GoBack]Post-test, post minus pre; HAg, headache-group; Cg, control-group; n, number of participants; VAS, visual analogue scale (pre-test: mm/attack based on the diary; post-test: based on the instantaneous VAS); HCP, habitual cervical posture; MCF, maximal active cervical flexion; ρ, Spearman’s rho; p*, < .05; the VAS was converted to a logistic fit with P values expressed through chi square; N/A, Not Applicable 







