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Abstract

Objective: Although multidimensional interventions including physiotherapy, psychol-
ogy, and education are generally recommended in managing headache, and to prevent
chronification, such approach is lacking in cervicogenic headache (CeH). Therefore,
exploring CeH within a biopsychosocial framework is deemed an essential first step.
Methods: Non-randomized cross-sectional design to compare pain processing,
lifestyle, and psychosocial characteristics between 18 participants with CeH (CeH
group) (40.2 + 10.9 years) and 18 matched controls (control group) (39.2 + 13.1 years).
Pain processing characteristics included degree of central sensitization (Central Sensi-
tization Inventory), and (extra)-cephalic pressure pain thresholds (kPa/cms/s). Lifestyle
characteristics included sleep quality (Pittsburgh Sleep Quality Index), physical activity,
screen time, and sedentary time (hours a week). Psychosocial characteristics included
degree of depression, anxiety and stress (Depression Anxiety Stress Scale-21), and
quality of life (Headache Impact Test-6).

Results: Pain processing characteristics: More (p = .04) participants in the CeH group
showed higher degrees of central sensitization compared to the control group. Lower
(b < .05) (extra)-cephalic pressure pain thresholds were revealed in the CeH group
compared to the control group for each muscle. Lifestyle and psychosocial characteristics:
Compared to the control group, sleep quality and headache-related quality of life were
worse (p <.0001) in the CeH group. Severe to extreme stress was experienced by more
participants in the CeH group (p = .02). Further, significant relations between pain pro-
cessing and (1) lifestyle characteristics and (2) psychosocial characteristics were seen
inthe CeH group.

Conclusion: Exploring multidimensional characteristics in CeH exposed relations
between pain processing, lifestyle, and psychosocial characteristics. These novel find-
ings fill a gap in the current scientific literature, and highlight the need for outcome

research targeting lifestyle and psychosocial factors.
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1 | INTRODUCTION

The International Classification of Headache Disorders 3 (ICHD)
defines cervicogenic headache (CeH) as: “Headache caused by a
disorder of the cervical spine and its components (bony, disc and/or
soft tissue elements) usually but not invariably accompanied by
neck pain” (Headache Classification Committee of the International
Headache Society, 2013). General recommendations for the non-
pharmacological non-invasive management of CeH can be summarized
as: Manual therapy applied to the cervical and thoracic spine whether
or not combined with low load endurance exercises, trigger point
therapy, combination of static and dynamic cervical, scapulothoracic
strengthening and endurance exercises, and low-load craniocervical
and cervicoscapular endurance exercises (Coté et al., 2019; Fernandez
et al,, 2020; Gross et al., 2016; Luedtke et al., 2016; Varatharajan et al.,
2016). Despite these recommendations, there is limited evidence
regarding the effectiveness of such interventions on pain intensity,
frequency, duration, and disability in the long-term (Fernandez et al.,
2020). Further, results from a systematic review with meta-analysis
revealed that pooling results of studies on manually managing CeH
did not support significant effects of such therapies on headache-
intensity, -disability, and -frequency (Coelho et al., 2019). Based on
these inconsistencies it was already proposed that not all patients
with CeH benefit from particular interventions, and that not all
interventions are appropriate (Fernandez-De-Las-Pefas & Cuadrado,
2014).

Although non-pharmacological interventions could play an impor-
tant role in managing CeH, scientific evidence for success of such
interventions remains contradictory (Coelho et al, 2019; Fal-
siroli Maistrello et al., 2019). One in four patients with CeH is
non-responsive to musculoskeletal physiotherapy. According to phys-
iotherapists, such non-responsiveness can be related to augmented
pain processing in the central nervous system, and presence of neg-
ative psychosocial factors (Liebert et al., 2013; Moore et al., 2017).
It was recently stated that local therapy, exclusively addressing the
upper-cervical spine, was ineffective if signs of central sensitization
(CS) are already present. In such state, local therapy might act as a
minimal peripheral nociceptive stimulus maintaining CS (Fernandez-
De-Las-Penas et al., 2020; Woolf, 2011). Headaches which are merely
mediated by a peripheral nociceptive source, also known as bottom-up
sensitizer (e.g., musculoskeletal disorder of the upper-cervical), can be
addressed by targeting that peripheral source through manual therapy
and/or local exercises (Ferndndez-De-Las-Penfas et al., 2020). However,
if additionally central mechanisms, also known as top-down sensitizers
(e.g., anxiety, stress), are involved, clinical management needs to shift
towards a multimodal approach including physical, psychological,
cognitive, lifestyle and educational dimensions directed at normalizing

CS (Bialosky et al., 2018; Fernandez-De-Las-Pefas et al., 2020). Such
dimensions are known influencers on therapy-responsiveness in other
musculoskeletal syndromes such as non-specific chronic low back pain
(O’sullivan, 2012). Integrating both bottom-up and top-down inter-
ventions in order to modulate pain at different levels of the nervous
system therefore seems advised in complex pain disorders such as
CeH (Ferndndez-De-Las-Pefas et al., 2020; Lluch Girbés et al., 2015).
Disturbed pain processing has already been reported in patients with
chronic CeH (Chua et al., 2011). However, it is yet to determine if such
disturbances are also present in patients with episodic CeH, and the
factors which influence it. Identifying maladaptive pain processing
in episodic CeH is relevant in the context of headache chronification
since headache-frequency is related to sensitization (Buchgreitz et al.,
2006).

Yet, scientific results on relations between pain processing,
lifestyle and psychosocial characteristics are, to the best of our
knowledge, lacking in episodic CeH. Such relations however need
to be explored since they relate to chronification of pain (Borsook
et al.,, 2018). To fill this gap, we propose to evaluate patients with
episodic CeH within a biopsychosocial framework. Therefore, the
aim of this study was to analyze relations between pain processing,
lifestyle, and psychosocial characteristics in patients with episodic
CeH.

2 | METHODS

2.1 | Design
This study is designed as follows:

Non-randomized cross-sectional comparison of pain processing,
lifestyle, and psychosocial characteristics between a CeH group and
matched healthy control group;

Analysis of relations between pain processing, lifestyle, and psy-
chosocial characteristics within a CeH group and matched healthy con-

trol group.

2.2 | Sample size

Sample size calculation was not performed to establish a treatment-
effect, but rather to assess feasibility in the context of an exploratory
study. A priori sample size calculation (G*Power 3.1.9.4, Kiel Germany)
to detect differences between groups, based on cervical pressure pain
thresholds (PPT) (mean, standard deviation), resulted in a required
sample size of 15 participants per group (power 80%; a = .05) (Chua
etal.,,2011).
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TABLE 1

Diagnostic criteria

International Classification for Headache Disorders 3 diagnostic criteria for CeH

A Any headache fulfilling criterion C

B Clinical and/or imaging evidence 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 maneuvers

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

2.3 | Participants and ethics

The neurological staff of the headache department of the AZ Vesal-
ius hospital (Belgium) identified and referred participants meeting the
study’s inclusion criteria for episodic CeH between June 2018 (start
enrolment) and July 2019 (end enrolment). Additionally, a general call
was launched at Hasselt University and Zuyd Hogeschool (January
2018 to July 2019). Potential participants for the control group were
recruited (January 2018 to August 2019) by convenience sampling,
word-of-mouth advertising within Zuyd Hogeschool, and the personal
network of the involved researcher.

Inclusion criteria for the CeH group were: Dutch-speaking partici-
pants between 18 and 55 years, with body mass index (BMI) between
18.5 and 24.9 kg/ms (Tashani et al., 2017), diagnosed with secondary
episodic CeH according to the ICHD-3 (Table 1) by a neurologist
(Headache Classification Committee of the International Headache
Society, 2013), having a score of 30 on the 11-item Mini Mental
State Examination test (scale of O to 30) indicating normal cognitive
capacity. Inclusion criteria for the control group were: Dutch-speaking
asymptomatic healthy participants between 18 and 55 years, with BMI
between 18.5 and 24.9 kg/ms3 (Tashani et al., 2017), having a score of
30 on the 11-item Mini Mental State Examination test (scale of O to 30)
indicating normal cognitive capacity.

Exclusion criteria for both groups were: Pregnancy, physiotherapy for
head- or neck-related disorders in the past month before the start of
the study, serious pathology (musculoskeletal, neurological, endocrine,
cardiovascular, psychiatric), pain radiation to the arm(s), medication
overuse (intake of NSAID's, opioids, acetylsalicylic acid, triptans, sim-
ple analgesics for >10 days/month >3 months), history of neck/head
trauma, orthodontics. Eligible participants had to be able to under-
stand, read, and sign the informed consent before officially being
enrolled.

Nineteen participants were recruited and selected to compose the
CeH group. These participants were given a four-week headache-
diary. The control group was matched for age, gender, ethnicity, and
socio-economic status (level of education, employment). Two partici-
pants (one from the CeH group, one from the control group) had to
be excluded after the measurements because of technical artefacts,

resulting in 18 eligible participants per group.

The study, which was part of a larger project (hence the larger sam-
ple size), was registered as an observational study at ClinicalTrials.gov
(NCT02887638). The ‘Medisch Ethische ToetsingsCommissie’ of Zuy-
derland and Zuyd Hogeschool (NL. 55720.09615), and the ‘Comité
Medische Ethiek’ of the Ziekenhuis Oost-Limburg (B371201423025)
granted their approval. Protection of personal data is legally deter-
mined by the Belgian law of December 8, 1992. All test procedures
involving human participants were in accordance with the ethical stan-
dards of the institutional research committees and the 1964 Helsinki

Declaration and its later amendments.

2.4 | Outcomes, measurements, and instruments
Headache, pain processing, lifestyle, and psychosocial characteristics

were the outcomes of interest.

2.4.1 | Headache characteristics

Headache characteristics, that is, headache-intensity (mean 100 mm
Visual Analogue Scale (VAS) per attack during a month), duration (mean
hours per attack during a month), and frequency (days per month) were
extracted from the headache diary of the Belgian Headache Society
(2020). Additional information on referred pain from the neck (yes/no)
was obtained through a customized questionnaire and anamnesis.

Pain processing characteristics

Symptoms of central sensitization were identified using the Dutch Cen-
tral Sensitization Inventory (CSI) (Kregel et al., 2016). Test-retest relia-
bility (ICC 0.82-0.97), and internal constancy (Cronbach’s « 0.87-0.91)
are good to excellent (Scerbo et al., 2018). The CSl is a self-reported
screening tool in which participants determine to what extent state-
ments apply to him/her. Part A was used for further analysis: 25 health-

related somatic and emotional symptoms scored on a 0-4 Likert scale

»u »a »au »a

(“never,” “rarely,” “sometimes,” “often,” “always”) with a maximum score
of 100. CSl-scores 0-29 indicate subclinical, 30-39 mild, 40-49 mod-
erate, 50-59 hard, and 60-100 extreme symptoms of central sensitiza-
tion (Neblett et al., 2017).
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PPTs (kPa/cms/s) of the bilateral suboccipitals, erector spine at
L1, and tibialis anterior were measured with an electronic pressure
algometer (Somedic AB, Stockholm, Sweden) (Balaguier et al., 2016;
Castien et al., 2018; Koppenhaver et al., 2015; Walton et al., 2011; Yli-
nen et al., 2007). PPT is defined as the minimal amount of pressure
that elicits pain. Hypersensitivity over remote, extra-cephalic sites is
considered as a sign of central sensitization. Intra-rater reliability of
cervical PPT-measurements are moderate to good (ICC 0.79-0.90) in
healthy participants, and good to excellent (ICC 0.82-0.99) in partic-
ipants with headache (Balaguier et al., 2016; Martinez-Segura et al.,
2012; Walton et al., 2011). Intra-rater reliability of erector spine PPT-
measurements are excellent (ICC 0.91 + 0.07) in healthy participants
(Binderup et al., 2010). Intra-rater reliability of tibialis anterior PPT-
measurements are excellent in healthy participants (ICC 0.94), and
patients with neck pain (ICC 0.97) (Walton et al., 2011).

2.4.2 | Lifestyle characteristics
Sleep quality was assessed via the Dutch Pittsburgh Sleep Quality Index
(PSQI) which is a standardized, valid, and reliable self-reported one-
month recall questionnaire (Marinus et al., 2003; Mollayeva et al.,
2016). We refer to the systematic review and meta-analysis by Mol-
layeva et al. (2016) concerning the psychometric properties. The index
differentiates poor from good sleepers by measuring seven compo-
nents: Subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping medication, and
daytime dysfunction. Scores on each of these components vary from O
(no problem) to 3 (serious problem). A maximum score exceeding 5/21
indicates poor sleep quality (Buysse et al., 1989; Smyth, 2008).
Physical activity (mean hours a week), screen-time (mean hours a
week computer-use), and sedentary-time during free-time and work
(mean hours a week) were extracted from a customized one-week
recall questionnaire.

2.4.3 | Psychosocial characteristics

The degree of depression, anxiety and/or stress was estimated by
the Dutch Depression Anxiety Stress Scale-21 (DASS-21), a valid
self-reported one-week recall questionnaire (de Beurs et al., 2001;
Parkitny et al., 2012). Internal constancy for the three subscales is
good to excellent (Cronbach’s « 0.91, 0.84, and 0.90, respectively) (de
Beurs et al., 2001; Parkitny et al., 2012). Each of the three sub-scales
contains seven items. The depression subscale assesses dysphoria,
hopelessness, devaluation of life, self-deprecation, lack of interest,
anhedonia, and inertia. The anxiety subscale estimates autonomic
arousal, skeletal muscle effects, situational anxiety, and subjective
experience of anxious affect. The stress subscale evaluates difficulty in
relaxing, nervous arousal, and being easily upset and impatient. Items
are scored on a Likert-scale (0 = “Did not apply to me at all,” and 3 =
“Applied to me very much or most of the time”). Scores for depression,

anxiety, and stress were calculated by summing the scores for the

MINGELS ET AL.

relevant items: subscale depression: 3,5,10,13,16,17,21; subscale
anxiety: 2,4,7,9,15,19,20, and subscale stress: 1,6,8,11,12,14,18. We
refer to Lovibond and Lovibond (1995) for interpretation of the scores.

Impact of headache on quality of life was assessed with the Dutch
Headache Impact Test-6 (HIT-6) (Buse et al., 2012). The HIT-6 shows
good test re-test reliability (ICC 0.80), and internal consistency (Cron-
bach’s «0.79) (Kosinski et al., 2003; Martin et al., 2004). The HIT-6 eval-
uates the impact of headache on daily activities: the ability to function
at work, school, home, and in social situations. Questions are answered

»u »u »u

by: “never,” “rarely,” “sometimes,” “very often,” and “always,” scores are
6, 8, 10, 11, and 13, respectively. The impact of headache on daily life
depends on the total score, which varies between 36 and 78. Scores are
interpreted as follows: <49 means no to little impact of headache on
daily life, between 50 and 55 indicates that headache seems to affect
daily life, between 56 and 59 means headache has a significant impact
on daily life, and >60 indicates that headache has a very heavy impact

on daily life (Kawata et al., 2005; Martin et al., 2004).

2.5 | Test procedure

A condition to be measured was a score of <3 on the 11-point Numeric
Pain Rating Scale on the test day. Participants were asked not to
take analgesics, muscle relaxants, and caffeine-containing beverages
24 h prior to the measurements. Prophylactic treatment(s) remained
unchanged (Headache Classification Committee of the International
Headache Society, 2013). Measurements were performed in a real-
life set-up with a constant room temperature of 25°C at the Motion
Lab (Zuyd Hogeschool, The Netherlands), and executed by the main
researcher.

Questionnaires were completed before PPT measurements. The
questionnaires used allow all kinds of health practitioners (e.g., physio-
therapists) to screen for psychosocial risk factors in patients with mus-
culoskeletal pain (Matheson et al., 2020).

A standardized protocol was used to measure PPTs of the bilateral
suboccipitals, erector spine at L1 (neutral prone position) and tibialis
anterior (seated with 80° knee-flexion) (Koppenhaver et al., 2015; Wal-
ton et al., 2011). Pressure was perpendicularly applied directly on the
muscle belly, staring at O to maximal 1000 kPa, using a 1 cms$ probe
with a slope of 30 kPa/s (Alburquerque-Sendin et al., 2018; O’sullivan
et al., 2014). Participants were instructed to push the stop button when
the sensation of pressure first changed into pain. An exercise trial was
performed once on the right thigh before actually measuring. Mea-
surements were executed twice (ICC 0.86-0.99) after a five-minute
interval in a standardized column-wise order: Suboccipital left, erector
spine at L1 left, tibialis anterior left, suboccipital right, erector spine
at L1 right, and tibialis anterior right (Balaguier et al., 2016; Finocchi-
etti et al., 2011; O’sullivan et al., 2014; Prushansky et al., 2004). Mean
values of two measurements on each location were used for further
statistical analysis (Chesterton et al., 2007; Walton et al., 2011). The
principal researcher performed the test procedure for both the CeH

group and control group. All outcomes were evaluated by the principal
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researcher (physiotherapist with degree in manual therapy, >10-year
experience).

2.6 | Research questions and statistical analyses
Analysis was completed via SAS JMP Pro 14. Two-tailed tests at 5%
level of significance were reported. Demographics and group character-
istics: Continuous outcomes were compared between groups by apply-
ing unpaired t-tests (conditions of normality and equality of variances
were met). Contingency tables (Fisher’s exact test) were composed to
analyze distributions of categorical variables (proportions) between
groups.

Relations between the independent variable’s age, BMI, their inter-
action (age*BMI) (continuous), socioeconomic status (categorical), and
dependent pain processing, lifestyle, and psychosocial outcome vari-
ables were evaluated via stepwise multiple linear or ordinal regression
to obtain the best model fit (i.e., smallest mean square of the error,
Variance Inflation Factor (VIF) < 4). Conditions to apply such models
(normality, homoscedasticity, no collinearity, linearity in multiple linear
regression, and test of parallel lines p > .05 in ordinal regression) had to
be met. Cut-off for multicollinearity was set at VIF > 4. Tukey correc-
tions for multiple testing were applied.

Headache characteristics: Intensity, duration, frequency, and neck
pain were descriptively presented as means (SD), interquartile range,
and proportions (%).

Research question 1: Do participants with episodic CeH show signs
and symptoms of disturbed pain processing compared to the control
group?

The categorical version of CSI (five classes) was proportionally pre-
sented (%). Contingency tables (Fisher’s exact test) were composed to
compare distributions of results between groups. Groups were com-
pared in terms of the five classes CSI, and also for the two-class-version
(Fisher’s exact test) with subclinical versus the other classes (i.e., mild,
moderate, hard, and extreme combined).

PPTs were presented as means (SD). Unpaired t-tests (conditions of
normality and equality of variances were met) were used to compare
average cephalic and extra-cephalic PPTs between groups. Effect sizes
(ES) to quantify the magnitude in mean PPT-difference between groups
(Cohen’s d) were reported and interpreted as: <0.2 small, 0.21 to 0.49
moderate, 0.50 to 0.79 medium, and >0.8 large ES (Rosenthal, 1996).

Research Question 2: Do participants with episodic CeH present with
different lifestyle and/or psychosocial characteristics compared to the
control group?

Distributions of results on the PSQI (four classes), level of physical
activity (four classes), screen-time (five classes), sedentary-time (three
classes), DASS-21 (four classes), and HIT-6 (four classes) were propor-
tionally presented (%), and compared between groups by composing
contingency tables (Fisher’s exact test). Sleep quality (10 cm VAS) and
sleep duration (hours/night) were presented as means (SD), and com-
pared between groups by using the Mann-Whitney test.

Research Question 3: Are headache, pain processing, lifestyle, and

psychosocial characteristics related in both groups?

Linear regression models (simple, multiple, ordinal) or contingency
tables (Fisher’s exact test) were composed depending on the depen-
dent and independent variables, and the conditions (cfr. described
above) to analyze possible relations. Variables were selected based on a
priori hypotheses and entered in the regression model, leading to many
hypotheses being tested. A backward stepwise approach was used to
downsize the model and obtain the best model fit (i.e., smallest mean
square of the error, VIF < 4).

3 | RESULTS

3.1 | Demographics and group characteristics
(Table 2)

Demographics and group characteristics were comparable between
groups. Age, BMI, their interaction (age*BMI), level of education, and
employment did not significantly influence pain processing, lifestyle, or

psychosocial outcome variables (appendix a).

3.2 | Headache characteristics (Table 3)

Participants with CeH suffered from an episodic, moderate to severe
intense headache with a mean duration of 4.1 hours/episode. Referred
pain from the neck was reported by all 18 participants. Headache or

neck pain was not present at the start of the test procedure.

3.3 | Pain processing characteristics (Table 4)
CSI: No significant differences were seen between groups for the ordi-
nal version of the CSI. However, transforming the ordinal to a binary
CSl scale (i.e., subclinical vs. mild, moderate, hard extreme combined)
revealed that significantly more (p = .04, Odds Ratio 4.4) participants in
the CeH group suffered from a higher degree of symptoms of CS com-
pared to participants in the control group.

PPTs: Comparing absolute PPTs between groups revealed signifi-
cantly lower cephalic and extra-cephalic PPTs in the CeH group com-
pared to the control group for each muscle (p < .05). ES, ranging

between 0.61 and 1.21, were medium to large.

3.4 | Lifestyle and psychosocial characteristics
(Table 5)

Lifestyle characteristics: The recommended level of weekly physical
activity (i.e., “high” in Table 5) was achieved by 11.1% of participants
in the CeH group, and by 16.7% in the control group (Global Strategy
on Diet, Physical Activity & Health, 2016). Sleep quality, measured with
the 10 cm VAS, was significantly worse (p < .0001) in the CeH group.
Screen-time, sedentary-time, and distribution of proportions on the

PSQI did not differ significantly between groups.
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TABLE 2 Demographics and group characteristics of the CeH group (n = 18) and control group (n = 18)

CeH group
Age (y), mean (SD) 40.2(10.9)
[C1] [34.6;45.8]
BMI (kg/ms), mean (SD) 23.5(3.2)
[CI] [21.9;25.1]
Marital status, n (%)
Married 9 (50)
Living together 5(27.8)
In a relation (not living together) 2(11.1)
Single 2(11.2)
Socioeconomic status, n (%)
Employment 2(11.1)
Student 16 (88.9)
Working 14 (87.5)
Services 2(12.5)
Self-employed 2(11.1)
Level of education 16 (88.9)
Secondary studies
Graduate school or university
Dominant hand, n (%)
Left 3(16.7)
Right 15(83.3)

Abbreviations: n, number participants; y, years.

Control group p

39.2(13.1) .80%
[32.7;45.7]

23.2(3.2) 76%
[21.6;24.8]

1b

3(16.7) 65P
15(83.3) il
13(72.2)

2(12.5)

2(11.1)

16(88.9)

22b

18(100)

2Unpaired t-test; PContingency table for categorical variables (Fisher’s exact test).

TABLE 3 Headache characteristics of the CeH group (n = 18)

Headache characteristics Result
Headache duration, mean hours/episode (SD) [Cl]  4.1(1.6) [3.3;4.9]
General headache intensity, mean VAS/episode 61(14)

(SD)[C1] [54.4;67.4]
Headache-frequency, median days/month [IQR] 11[10;15.8]
Referred pain from the neck, n (%)

Yes 18 (100)
No 0

Instantaneous headache-intensity

Mean NPRS (SD) [Cl] 0.7(1)[0.3;1.2]
Instantaneous neck-pain-intensity 0

Mean NPRS (SD) [Cl]

n = number participants; VAS = 100 mm Visual Analogue Scale; NPRS = 11-
point Numeric Pain Rating Scale; IQR = 25-75% interquartile range.

Psychosocial characteristics: Significantly more (p =.008) participants
in the CeH group reported a severe impact of headache on their qual-
ity of life (50%), compared to only 11.1% of participants reporting little
to no impact. Distribution of scores on the ordinal HIT-6 differed sig-
nificantly (p < .0001) between groups. Headache-related quality of life
was significantly worse in the CeH group, with 83.3% of participants
reporting a moderate to severe impact of headache on their quality
of life compared to 0% of participants in the control group. Distribu-
tion of scores on the ordinal DASS-stress differed significantly (p =.02)
between groups. Severe to extreme stress was experienced by 33.4%
of participants in the CeH group compared to 0% of participantsin con-

trol group.

No significant differences between the groups were seen concern-
ing the DASS-depression and DASS-anxiety.

3.5 | Relations between headache, pain processing,
lifestyle, and psychosocial characteristics (Table 6)

Following Table 6 summarizes significant relations between: Lifestyle
and headache characteristics, psychosocial and headache characteris-
tics, pain processing and headache characteristics in the CeH group,
and between pain processing and lifestyle characteristics, psychoso-

cial, and pain processing characteristics in both groups.

4 | DISCUSSION

The aim of this study was to analyze relations between biopsychoso-
cial characteristics: Pain processing, lifestyle, and psychosocial char-
acteristics in participants with CeH. Such biopsychosocial framework
is needed to prevent the transition from acute to chronic pain (Bor-
sook et al., 2018). Although scientific literature supports multidimen-
sional patient-centered interventions when managing headaches, such
information is currently lacking for episodic CeH (Peters et al., 2012).
The reason might be that CeH is still defined as headache attributed
to peripheral disorders of the cervical spine (Headache Classification
Committee of the International Headache Society, 2013). This nar-
row definition does however not cover the multidimensional nature
of a pain disorder such as CeH, and might consequently contribute to
scarce and inconsistent evidence of therapy success in CeH (Coelho



MINGELS ET AL.

Brain and Behavior

TABLE 4 Summary: CSland PPTs in the CeH group (n = 18) and control group (n = 18)

Central sensitization inventory
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Dimensions, n (%) CeH group Control group p? (OR)
4(22.2) 10(55.6) .18

Subclinical (0-29) 5(27.8) 3(16.7)

Mild (30-39) 7(38.9) 5(27.8)

Moderate (40-49) 2(11.1) 0

Hard (50-59) 0 0

Extreme (60-100)

Subclinical vs. mild, moderate, hard 4vs. 14 10vs. 8 .04 (4.4)
extreme combined

Pressure pain threshold

Muscle, kPa/cms (SD) [CI] CeH group Control group p® (ES)

Suboccipital left 206.5(78.8)[166.2;246.8] 332.6(268.2)[199.3;466] .03(0.64)

Suboccipital right 179.3(75.1) [140.8;217.7] 273.3(203.2)[172.3;374.4] .009 (0.61)

Erector spine left 428.1(236.2) [310.6;545.5] 584 (229.6) [469.9;698.2] .04(0.67)

Erector spine right 418(185)[323.3;512.7] 596.2(214.3)[489.6;702.8] .008 (0.89)

Tibialis anterior left 365.3(122.9)[302.3;425.2] 613.2(263.1) [482.4;744] .001(1.21)

Tibialis anterior right 397.3(144.2)[323.5;471.1] 626.9 (284.4)[485.5;768.4] .007 (1.03)

Bold numbers = p < .05.
Abbreviations: ES, effect size; n, number participants; OR, odds ratio.

2Contingency table for categorical variables (Fisher’s exact test); "Unpaired t-test.

et al., 2019; Coté et al., 2019; Fernandez et al., 2020; Fernandez-De-
Las-Pefias & Cuadrado, 2014; Gross et al., 2016; Luedtke et al., 2016).
Therefore, as a first initiative to fill this gap in knowledge, we con-
ducted an explorative study focusing on the multidimensional charac-
ter of episodic CeH.

4.1 | Do participants with episodic CeH show signs
and symptoms of disturbed pain processing
compared to the control group?

4.1.1 | Disturbed pain processing in the CeH group

Mechanical pain hyperalgesia, reflected by decreased PPTs, is com-
monly used to describe sensory sensitization (Drummond & Knud-
sen, 2011). We analyzed pain processing by inventorying results on
the CSI, and measuring cephalic and extra-cephalic PPTs. Significantly
lower cephalic (suboccipital) PPTs in the CeH group compared to the
control group are features of sensitization of the trigeminocervical
nucleus (Bezov et al., 2011; Chua et al., 2011). Indications for CS in
the CeH group were further supported by the lower extra-cephalic
PPTs compared to the control group, and by 77.8% of participants
with CeH reporting at least mild symptoms of CS on the CSI (Neblett
et al, 2015). It was already reported that higher scores on the CSI
predict higher pain-related disability in patients with musculoskeletal
disorders in a primary care setting (Tanaka et al., 2019). This finding
was also reflected by the significant relation (p = .006, Fisher’s exact

test) between more reported symptoms of CS and passive responses

(such as rest, analgesic intake or a combination of both) to a headache-
attack by the CeH group in our study. Such passive self-management
was previously reported by patients with chronic CeH in the Akershus
study. The latter revealed that patients might have low expectations
towards traditional medicine, and that CeH is falsely expected to be
self-manageable (Kristoffersen et al., 2013). The general practitioner
or neurologist will only be consulted in case of persistent pain or func-
tional limitations. Such behavior might contribute to the chronification
of CeH.

A footnote concerning the CSl is its interpretation. Results on the
CSI do not refute or confirm CS, but merely are a representation of
general distress (Kregel et al., 2018). This consideration is clinically
relevant since exclusively relying on the CSI to confirm CS might
increase the risk of false-positive outcomes, which influences therapy

approach.

4.2 | Do participants with episodic CeH present
different lifestyle and/or psychosocial characteristics
compared to the control group?

421 | Worse sleep quality, more stress and impact
of headache on quality of life in the CeH group

In the CeH group, the reported sleep quality and headache-related
quality of life were worse, and the level of stress higher compared
to in the control group. The combination of predominant pain, along

with multiple comorbid features such as lowered extra-cephalic
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TABLE 5 Lifestyle and psychosocial characteristics in the CeH group (n = 18) and control group (n = 18)

Lifestyle characteristics

Pittsburgh Sleep Quality Index, n (%)
Optimal (<5)

Borderline (6-7)

Poor (>8)

Sleep quality (10 cm VAS), mean (SD)
[Cl]

Sleep duration (hours/night), mean (SD)
[Cl]

Physical activity hours/week, n (%)
Low (<2 h)

Moderate (1 to 2 times, >30 min)
High (minimal 3 times, >30 min)

Screen-time hours/week, n (%)
Little (<7 h)

Substantiate (7-14 h)
Moderate (14-21h)

Severe (>21h)

Sedentary-time: free-time hours/day, n (%)
No (0 h)

Little (<3 h)

Moderate (3-6 h)

Severe (>7 h)

Sedentary-time: work hours/day, n (%)
No (0 h)

Little (<3 h)

Moderate (3-6 h)

Severe (>7 h)

Psychosocial characteristics
Depression, Anxiety, Stress Scale-21, n (%)
Depression

Normal (0-9)

Mild (10-13)

Moderate (14-20)

Severe (21-27)

Extreme (>28)

Anxiety

Normal (0-7)

Mild (8-9)

Moderate (10-14)

Severe (15-19)

Extreme (>20)

Stress

Normal (0-14)

Mild (15-18)

Extreme (>34)

Headache Impact Test-6, n (%)
Little/none (<49)
Substantiate (50-55)

CeH group

7(38.9)
5(27.8)
6(33.3)

6.6(1.2)
[5.9;7.2]

6.9(0.9)
[6.5;7.4]

7(38.8)
9 (50)
2(11.1)

Control group

11(61.1)
3(16.7)
4(22.2)

2.6(2.2)
[1.5;3.7]

7.4(1.4)
[6.7;8.1]

13(72.2)
2(11.1)
3(16.7)

4(22.2)
13(72.2)
1(5.6)

1(5.6)
1(5.6)
10(55.6)
6(33.3)

Control group

14(77.8)
0
3(16.7)
1(5.6)

0

18(100)

p? (ES)
5

<.0001°
(0.95)

.25P

.05

.89

.63

.62

.33
.82
.01

<.0001

(Continues)
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TABLE 5 (Continued)

Lifestyle characteristics
Moderate (56-59)
Severe (>60)

p? within the group

CeH group Control group p? (ES)
6(33.3) 0

9 (50) 0

.008 <.0001

Bold numbers = p < .05.

Abbreviations: ES, effect size; n, number participants; VAS, 10 cm Visual Analogue Scale (0 = best, 10 = worst sleep quality).
2Contingency table for categorical variables (Fisher’s exact test); "Mann-Whitney test.

PPTs, stress, sleep problems, and a diminished quality of life in the
CeH group might be indicative for an already disturbed pain process
in participants with episodic CeH, and supports previous studies
reporting that CS is not an exclusive feature of chronic headache
(Bernstein & Burstein, 2012; Fumal & Schoenen, 2008; Staffe et al.,
2019). Such disturbed pain processing is influenced by top-down
lifestyle and psychosocial risk factors which means that these fac-
tors could maintain, and even drive a pain process (Staffe et al.,
2019).

Conditioned pain modulation (CPM) and temporal summation
should however be assessed in episodic CeH to determine a noci-
ceptive profile (Yarnitsky, 2015). Such profile, which can be either
pro- or anti-nociceptive, might provide essential information for future
patient-centered interventions (Lumley et al., 2011).

4.3 | Are headache, pain processing, lifestyle, and
psychosocial characteristics related in both groups?

431 | Lifestyle and psychosocial characteristics
relate to pain processing in the CeH group

Thirty multidimensional quality indicators for headache care were pre-
viously agreed on (Peters et al., 2012). Although lifestyle and psychoso-
cial factors were identified as such indicators, no study addresses these
factors in patients with episodic CeH. In the CeH group, relations were
seen between: (1) worse sleep quality, more stress, and more signs and
reported symptoms of CS on the one hand and (2) between a lower
level of physical activity, lower quality of life, more stress, and signs of
peripheral sensitization on the other hand. Presence of both negative
psychosocial characteristics such as stress and more symptoms of CS
has already been proposed by physiotherapists to contribute to non-
responsiveness to treatment in patients with CeH (Liebert et al., 2013).
Further, negative psychosocial variables like depression, anxiety, and
distress are among the most robust general predictors for transition
from acute to chronic pain, for example tension-type headache, neck
and back pain (Fumal & Schoenen, 2008; Lumley et al., 2011; Mills et al.,
2019).

Questioning the patient’s self-reported symptom burden such
as headache-frequency is another quality indicator (Mills et al.,
2019). Headache-frequency is often used to evaluate therapy suc-
cess within the context of chronification. This outcome measure is
additionally used to estimate the degree of sensitization (Adams &

Turk, 2015; Buchgreitz et al., 2006; Luedtke et al., 2016). Higher
headache-frequency might lead to an increased pressure pain sen-
sitivity, and with time CS could develop (Buchgreitz et al., 2006).
CeH in our study is, based on the range of frequencies (10 to 15.8
days/month), merely an episodic headache. However, potential cata-
lysts for chronification were detected. Both long sitting duration at
work and anxiety were independently related to a higher headache-
frequency in the CeH group. Most research on relations between
headache-frequency and CS concerns primary headaches (e.g.,
tension-type headache, migraine). However, the novel key findings in
our work pointing in the direction of disturbed pain processing, and
previous preliminary work suggesting autonomic dysregulation, can
be supportive arguments to justify future studies analyzing central
nervous system involvement in episodic CeH (Mingels & Granitzer,
2020).

Nevertheless, more research is needed before our results can be
transferred to the clinical practice. Based on recent work it is advised
to desensitize the central nervous system in patients with CS by
designing an individually tailored multimodal treatment plan compris-
ing pain neuroscience education, cognition targeted exercise therapy,
sleep management, stress management, and/or dietary intervention
(Arendt-Nielsen et al., 2018; Nijs et al., 2014, 2019; Van Wilgen et al.,
2014).

44 | Limitations and suggestions

In this study, several statistical analyses were used requiring some
caution when interpreting the results. No Bonferroni correction
was applied to analyze simple relations (simple linear regression)
among biopsychosocial characteristics themselves, and between these
characteristics and headache characteristics. Such correction is not
demanded since we examined the effect of one independent variable
on the outcome of interest. Thus, only one hypothesis was tested at a
time (i.e., no increase in the false positive error rate) (Andrade, 2019).
However, caution is needed to interpret and generalize results. Several
variables were selected based on priori hypotheses and entered in the
regression model, leading to many hypotheses being tested. The back-
ward stepwise approach was used to downsize the model. The VIF was
used in case two independent variables were related to the dependent
variable.

The rather small sample size (n = 36) will tend to overestimate an

effect. Post hoc power calculations for most relevant outcomes were:
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TABLE 6 Summary of significant relations between headache, pain processing, lifestyle, and psychosocial characteristics in the CeH group (n =

18) and control group (n = 18)

Relation

Lifestyle (independent) and headache characteristics
(outcome)

Sitting-time at work related to headache-frequency

Screen-time related to headache-intensity

Psychosocial (independent) and headache
characteristics (outcome)
DASS-anxiety related to headache-frequency?

Pain processing (independent) and headache
characteristics (outcome)

Right suboccipital PPTs related to headache-intensity

Left erector spine PPTs related to headache-intensity

Right tibialis anterior PPTs related to
headache-duration

Pain Processing (independent) and lifestyle
characteristics (outcome)
CSl related to HIT-6P

Lifestyle (independent) and pain processing
characteristics (outcome)

Sleep quality related to CSI¢

Level of physical activity related to right suboccipital
PPTs?

Screen-time related to right suboccipital PPTs®

Sedentary-time at work related to left erector spine
PPTs

Screen-time related to right tibilialis anterior PPTs?

Level of physical activity related to left tibialis anterior
PPTs22

Psychosocial (independent) and pain processing
characteristics (outcome)

DASS-stress + PSQI related to left suboccipital PPTs

DASS-stress + HIT-6 related to right suboccipital PPTs

DASS-stress related to right tibialis anterior PPTs

DASS-stress related to CSIf

PSQIl related to CSI8

HIT-6 related to left tibialis anterior PPTs

Bold numbers = p <.05; N/A = not applicable.

CeH group

Estimate 1.17, p = .04*
Estimate 0.78, p =.04*

Estimate 17.5, p = .04*

Estimate —0.01, p = .04*
Estimate —0.004, p =.04*
Estimate —0.007, p =.02*

p <.0001**

p=.002***

Estimate 159.36, p =.005*
Estimate 84.74, p = .04*
Estimate —0.001, p = .69*
Estimate —148.71,p = .20*
Estimate 2.31, p = .94*

Estimates: DASS —94.07, PSQI
—11.61,p=.004* (VIF 1.82)

Estimates: DASS —60.28, HIT-6
—4.86,p=.007* (VIF 1.01)

Estimate: —95.22, p = .004*

p=.005""*

p= 46*+*

Estimates HIT-6 0: 146.5, 1: 34, 2:
25.3,3: —54.67),p=.02*

Control group

N/A

N/A

N/A

N/A

p= 1R
Estimate —308.43,p =.28*
Estimate 101,55,p = .41*
Estimate —38.73, p =.04*
Estimate 124.8,p =.04*
Estimate —188.4, p =.04*

Estimates: DASS 6.02, PSQl 14.75

(VIF1),p=.61*
N/A
Estimate: 14.99,p =.1*
p= .48***
p=.04
N/A

*Linear regression; **Ordinal regression; ***Contingency table for categorical variables (Fisher’s exact test).

@Analysis of the relation between the nominal (severe and extreme vs. moderate) version of DASS-anxiety vs. headache-frequency. Higher headache-
frequency was reported if the level of anxiety was severe to extreme compared to moderate.

bReporting more symptoms (i.e., moderate and hard) of CS was related to higher scores on HIT-6.

€33% of participants with poor sleep quality reported moderate to hard symptoms of CS, compared to 22% with optimal sleep quality reporting subclinical
symptoms.

dBeing highly physical active was related to higher right suboccipital PPTs compared to being moderate physical active.

eShorter (i.e., 7-14 hours/week) screen-time was related to higher right suboccipital PPTs compared to longer (i.e., >21 hours/week) screen-time; A = right
tibialis anterior PPTs were higher with a screen-time of 7-14 hours compared to >21 hours; AA = being low physical active was related to lower PPTs on the
left tibialis anterior compared to being moderate and high physical active.

fHigher CSl-scores (i.e., moderate and hard) were related to higher DASS-stress scores (i.e., moderate to extreme). Based on a contingency table, distributions
of associations between HIT-6 and CSl differed significantly (Fisher’s exact test p <.001) with 38.9% of participants with moderate symptoms of CS reporting
headache had a severe impact on quality of life.

eDistributions of associations between the CSI and PSQI differed; 44% of participants with optimal sleep quality reported no symptoms of CS.

46.2% PPT suboccipital left, 43% PPT suboccipital right, and 46% CSI. number of times. However, we only performed our study once, and
A statistical correct interpretation for results on, for example, the no probability can be assigned to a singular, observed result. Thus, we
CSl is that the null hypothesis will be erroneously rejected in 54% currently have no method for deciding whether this one case was a

(=B probability) of the cases, were this study is to be repeated a large false-negative or a true-negative finding (Levine & Ensom, 2001).
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Psychosocial characteristics in participants with episodic CeH
should be further explored. More research on maladaptive perceptions
is needed. Such perceptions influence a patient’s health behavior and
contribute to the maintenance of chronic pain (Simpson et al., 2018).
Additionally, more attention should be given to positive characteristics
that may be protective against chronic pain.

In our study, 33% of participants with episodic CeH and poor sleep
quality reported higher degrees of symptoms of CS. Since chronic expo-
sure to insufficient sleep may increase vulnerability to chronic pain by
altering processes of nociceptive habituation and sensitization, we rec-
ommend to assess additional CPM and temporal summation in patients
with episodic CeH (Staffe et al., 2019). Although a decreased CPM and
enhanced temporal summation are predictive for pain, to our knowl-
edge, only one study assessed CPM in patients with chronic CeH (Chua
et al,, 2011). Having a less efficient CPM when being pain-free at base-
line, suggests that upon a pain-generating event, a patient is at higher
risk to develop pain than patients showing an efficient CPM at baseline
(Yarnitsky, 2015).

Next, the inconsistency between low extra- and cephalic PPTs, and
mainly mild to moderate reported symptoms of CS (cfr. CSl) in the
CeH group might raise questions. A first consideration concerning this
result is that the CSI provides no direct measure of CS, but results
rather represent general distress (Neblett et al., 2015). Our results
are in line with Kregel et al. (2018). They reported a weaker relation
between results on the CSI and measurements of PPT and CPM, com-
pared to a stronger relation between results on the CSI and measure-
ments of pain intensity, quality of life, pain disability, current pain sta-
tus, and pain catastrophizing (Kregel et al., 2018). Therefore, it seems
advised not to use the CSl as a sole screening instrument, but comple-
mentary to a comprehensive screening protocol.

5 | CONCLUSION

Exploring multidimensional factors in CeH demonstrated relations
between (1) worse sleep quality, more stress, and more signs and
reported symptoms of CS, and between (2) lower level of physical activ-
ity, lower quality of life, more stress, and signs of peripheral sensiti-
zation. These key findings are novel and fill a gap in current scientific
literature on relevant quality indicators for headache care. However,
future research is needed to determine a pain profile and to evaluate a

patient-centered intervention based on such profile.
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