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anxiety showed the strongest relation (f = 0.353) with pain intensity. Pain-related
disability was most strongly associated with depression in TMD-pain patients with
TTH (f = 0.444), and with somatization in patients with headache attributed to TMD
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INTRODUCTION

Temporomandibular disorders (TMD) are complaints related
to muscular and joint problems in the masticatory system,
which occur in 5%-12% of the general population [1-4].
Patients with a painful TMD according to the Diagnostic Cri-
teria for TMD (DC/TMD) [2] experience headaches more
frequently than the general population, with a prevalence of

76%—-82% [5, 6] as compared to 50% in the general popula-
tion [7]. The most common headache types in patients with
a painful TMD are migraine (17%—55%) and tension-type
headache (TTH; 22%-30%) [5, 6, 8, 9]. A headache which is
of specific interest in TMD patients is the secondary headache
attributed to TMD. Within the subgroup of TMD-pain
patients who experience headache complaints, this type of
headache is prevalent in about one in five patients [2, 6, 9, 10].
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Migraine and TTH are primary headaches, which means
that the headache is not a sign or symptom of an under-
lying causative disorder but rather a disorder itself [9].
Even though the etiology of migraine and TTH is not fully
understood, in both cases sensitization may play a role
[11-13]. Headache attributed to a TMD is a secondary
headache, indicating that the headache is a symptom of, in this
case, a painful TMD [14]. In patients with (chronic) painful
TMD, sensitization also plays a role in the etiology [15, 16].
Therefore, central sensitization is considered to be one of the
processes that could be responsible for the co-occurrence of
TMD and different headache types [17]. Another hypothesis
for the co-occurrence of TMD and headache is the presence
of shared risk or prognostic factors, such as "bruxism." This
is a repetitive jaw-muscle activity characterized by clenching
or grinding of the teeth and/or by bracing or thrusting of the
mandible [18]. Bruxism is associated with TMD, migraine,
and headache attributed to TMD, though it is not correlated
with TTH [5, 6]. In the case of migraine, bruxism is suggested
to be a risk factor or trigger for migraine attacks [19]. Psy-
chosocial factors, such as depression, anxiety, and ‘somatic
complaints, are also reported as prognostic factors for painful
TMD as well as headache [20-22]. These psychosocial factors
can play an important role in the chronification of both TMD
and headache complaints, and are reported to influence the
perceived pain intensity and pain-related disability in patients
with various types of pain [23-25]. Individuals with TMD
pain, with and without headache, who also experience depres-
sion or anxiety, usually report higher TMD pain intensity and
more TMD pain-related disability than those who do not expe-
rience depression or anxiety [26, 27]. A similar association
between psychosocial factors and headache pain intensity is
found in studies focusing on patients with headache [28, 29].
Furthermore, studies focusing on patients who report brux-
ism have described strong associations between bruxism and
several psychosocial factors, especially in those with orofacial
pain or TMD [30].

Although previous research demonstrated that pain inten-
sity and pain-related disability in individuals with a painful
TMD or headache are associated with psychosocial factors,
and that bruxism may influence these associations, no study
has yet been performed in which all three headache condi-
tions are taken into account. We hypothesize that psychosocial
factors are differently associated with the various types of
headaches within the TMD population. To study these asso-
ciations, correction for bruxism is necessary to account for a
possible confounding effect [6]. Therefore, the objective of
this study was to assess the association between psychoso-
cial factors (in terms of anxiety, somatization, depression,
and optimism) and pain (in terms of headache pain intensity
and pain-related disability), in patients with a painful TMD
and one of the following headache types: migraine, TTH, or
headache attributed to TMD, corrected for the influence of
bruxism.

MATERIAL AND METHODS

This manuscript is written according to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement [31].

Study design and patients

This retrospective medical file study was conducted at the
specialized clinic for orofacial pain and dysfunction (OPD)
of the Academic Centre for Dentistry Amsterdam (ACTA).
Reasons for referral to this clinic are orofacial pain com-
plaints (including TMD and headache), bruxism, tooth wear,
and/or obstructive sleep apnea. Prior to the first visit to the
clinic, all patients complete a digital questionnaire, including
questions on TMD complaints, headache, pain-intensity, pain-
related disability, bruxism, and psychosocial factors. During
the intake, a standardized examination is performed by a
trained dentist following the Diagnostic Criteria for TMD
(DC/TMD) protocol [2]. During the timespan from January
2014 to January 2019, a total 2493 patients visited the OPD
clinic. The medical records of adult patients (at least 18
years of age) who had complete information regarding the
psychosocial part of the questionnaire were retrieved from
the medical database for this study (N = 1745). All data in
these files were retrieved as part of the usual care diagnos-
tic procedure of the OPD clinic. One of the researchers (CT)
checked whether the patient fulfilled the following additional
criteria: i) a TMD-pain diagnosis according to the criteria
of the DC/TMD (i.e., myalgia or arthralgia), and ii) one of
the following headache types: migraine, TTH, or headache
attributed to TMD. In case of missing data relevant for this
study, patients were excluded (see results). The information
from the included patients was anonymized and transferred
into a separate data file for the analyses of the current
study.

This study was considered by the Medical Ethics Com-
mittee of the ACTA not to fall under the provisions of the
Medical Research Involving Human Subjects Act, and to com-
ply with the ethical research code of conduct of the ACTA
(reference number 2,018,038). Data was collected only from
patients who had given consent to the anonymous use of their
information for research purposes as part of the initial intake
questionnaire.

Headache diagnosis

To screen for the presence of migraine or TTH, the
Headache Screening Questionnaire Dutch Version (HSQ-DV)
was used. The HSQ-DV is a validated self-report question-
naire consisting of 11 questions, and based on the criteria
of the International Classification of Headache Disorders

85U8017 SUOWILLOD 3ATe810 3(dedldde ayy Aq peusenob ae Sapie YO ‘88N JO S9InJ o} Akeid18UlUO A8]IM UO (SUO1PUOD-pUB-SWISI W0 A8 |imAeIq Ul |Uo//SdNL) SUORIPUOD PUe SWB | 8 88S *[£202/2T/82] Uo AriqiTauliuo A1 ‘AiseAlun 1oenn Aq 6T62T S09/TTTT 0T/I0p/w00 A8 |im Al 1jeuljuo//sdiy Wwolj pepeojumod ‘Z ‘€202 ‘22.0009T



European Journal of

VAN DER MEER ET AL.

| W LEY [@INES

(ICHD-3) [32]. The HSQ provides two summary scores which
may range from O to 8 points for migraine (equal to O to
100% of the ICHD-3 criteria), and from O to 8 points for
TTH (equal to 0 to 100% of the ICHD-3 criteria) [32]. Based
on these scores, the following tentative diagnoses are made:
no migraine or TTH, probable migraine or TTH (> 6 points,
which equals > 75% of the criteria of the ICHD-3), or definite
migraine or TTH (8 points, which equals all of the crite-
ria of the ICHD-3). In the current study, the cut-off of > 6
points was applied to classify the presence of headache. In
other words, all who fulfilled at least 75% of the ICHD-3 cri-
teria for migraine or TTH were classified as patients with
a probable migraine or TTH, respectively. Double classifi-
cations were allowed. For probable migraine, the sensitivity
and specificity are 0.89 and 0.54, respectively [32]. For the
recognition of probable TTH the sensitivity is 0.92 and the
specificity 0.48 [32]. No differentiation was made between
episodic or chronic headaches diagnoses, all were included
under the same classification.

Headache attributed to TMD was classified by means of
the DC/TMD, which is a validated classification system to
diagnose the various subtypes of TMD [2, 14]. The DC/TMD
criteria for headache attributed to TMD have a sensitivity of
0.89 and specificity of 0.87 [14].

When a patient fulfilled the criteria for more than one
headache type (e.g., both migraine and headache attributed to
TMD), the recommendations of the International Headache
Society were followed: As all headaches have the diagnos-
tic criterium ‘headache is not better accounted for by another
ICHD-3 diagnosis’, we classified patients with a primary
headache combined with headache attributed to TMD as
‘secondary headache with a concomitant primary headache’.
This is because the secondary headache can be provoked
during clinical examination. In case a patient scores posi-
tive on both the migraine and TTH criteria, the following
recommendation of the ICHD-3 was applied; 'when the
migraine or TTH was already pre-existent both diagnoses
should be given‘ [9]. Based on these recommendations, the
subsequent hierarchy in classification was applied to assign
patients to one of the headache groups: headache attributed
to TMD, migraine, TTH, probable migraine and then prob-
able TTH [9]. For example, if a patient scored positive on
100% of the criteria for TTH and on 75% of migraine, this
patient was classified as a patient with a TTH. The con-
current (lower hierarchy) headache types were noted in the
data file.

Headache pain intensity
Headache pain intensity was assessed using a Numeric Pain

Rating Scale based on the following question: “On a scale
of 0 to 10, where 0 means no pain and 10 means the worst

pain imaginable, on average, how severe is your headache?”
[33]. Convergent validity of the Numeric Pain Rating Scale
is considered good with a correlation of 0.79 to 0.95 with the
Visual Analog Scale [34].

Pain-related disability

Pain-related disability was assessed with the Graded Chronic
Pain Scale, which is a multidimensional measure that con-
sists of eight questions on the possibility to perform normal
daily tasks in the past 30 days (three questions regarding
pain-intensity, one question regarding the number of days
with pain, three questions regarding pain-related disability,
and one question regarding the number of days on which
a person is limited by the complaints) [35]. In the current
study, the three pain-related disability questions were used
to assess pain-related disability as related to orofacial pain
complaints, including both the headache and TMD com-
plaints, with scores that can range from 0 (no pain-related
disability) to 10 (pain-related disability as bad as it could
be). The outcome was the average score of the three ques-
tions. Internal consistency values of the Graded Chronic
Pain Scale are considered good with a Cronbach’s a of 0.67
for headache and a Cronbach’s a of 0.71 for painful TMD
[35]. The validity and reliability of the subscale is yet to be
determined.

TMD pain intensity

TMD pain intensity was assessed by the Characteristic Pain
Intensity score of the Graded Chronic Pain Scale. The Char-
acteristic Pain Intensity score is the average score of three
questions in which patients were asked about their jaw pain
complaints right now, worst pain, and average pain of the last
month. The average score is the pain intensity on a scale of 0
to 100 [35].

Anxiety

The General Anxiety Disorder screener is a seven-item self-
report questionnaire and is used to assess anxious mood and
behavior over the past 2 weeks. Anxiety is classified into four
categories: no anxiety (score O to 4), mild anxiety (score 5
to 9), moderate anxiety (score 10 to 14), and severe anxi-
ety (score 15 to 21) [36]. The psychometric values of the
General Anxiety Disorder screener are considered good, with
a convergent validity showing a correlation coefficient of
0.72 to 0.75 by correlating the General Anxiety Disorder
screener with the Beck Anxiety Inventory and the anxiety sub-
scale of the Symptom Checklist-90, respectively. The internal
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consistency of the General Anxiety Disorder screener is 0.92
as measured with Cronbach’s a [36].

Somatic complaints

The Patient Health Questionnaire-15 is a 15-item self-report
questionnaire and is used to assess the severity of somatic
complaints. High scores on the Patient Health Questionnaire-
15 are strongly associated with functional impairment,
disability, and health care use [37]. The Patient Health
Questionnaire-15 classifies somatic complaints in four cate-
gories: minimal somatization (score 1 to 4), low somatization
(score 5 to 9), medium somatization (score 10 to 14), and high
somatization (score 15 to 30). Internal consistency values of
the PHQ-15 are considered excellent, with a Cronbach’s a of
0.8 [37].

Depression

The Patient Health Questionnaire-9 is a nine-item self-report
questionnaire and is used to assess depression. Classification
of depression consists of five categories: no depression (score
1 to 4), mild depression (score 5 to 9), moderate depression
(score 10 to 14), moderately severe depression (score 15 to
19), and severe depression (score 20 to 27) [38]. Psychometric
values of the Patient Health Questionnaire-9 are considered
good, with a construct validity correlation coefficient of 0.33
to 0.73 by correlating the Patient Health Questionnaire-9 with
the Short Form-20. Internal consistency is 0.89 (Cronbach’s
alpha) [38].

Optimism

The Life Orientation Test-Revised is a 10-item questionnaire
and is used to assess the patient’s optimism in general [39].
Six of these items measure optimism, the other four questions
are fillers and do not influence the outcome. The score ranges
from O to 24 points. Higher scores indicate higher levels
of optimism. Convergent validity assessed using the Pear-
son correlation coefficient is —0.22 when correlated with the
Generalized Anxiety Disorder assessment, and —0.31 when
correlated with the PHQ-9 for depression [40]. The Cron-
bach’s alpha coefficient of internal consistency is 0.70 for
optimism [40].

Bruxism

For measuring bruxism, the Dutch version of the Oral Behav-
iors Checklist was used [40]. The Oral Behaviors Checklist is
a 21-item scale for quantifying the frequency of jaw-overuse
behaviors, and is implemented in the DC/TMD Axis II instru-

ments [2]. In the current study, the first four bruxism items
were used to determine a bruxism score. A distinction is made
between activities during sleep and activities during waking
hours. Activities during sleep (two items) are scored on a five-
point scale ranging from (0) ‘none of the time’ to (4) ‘4 to 7
nights a week’. Activities during waking hours (two items)
are scored on a five-point scale ranging from (0) ‘none of the
time’ to (4) ‘all of the time’ [41]. The bruxism score used in
the current study is the average of the four bruxism items and
ranges from 0 (no bruxism) to 4 (severe bruxism). Validity of
the full Oral Behaviors Checklist questionnaire is good with
a Spearman’s correlation of 0.75, and test-retest reliability is
excellent with an intra-class correlation coefficient (ICC) of
0.86 [41]. The validity and reliability of the four-item subscale
is yet to be determined.

Statistical analyses

The patients’ characteristics were presented using frequen-
cies or as mean values, standard deviations (SD), and 95%
confidence intervals. The assumptions for linear regression
models were tested as part of the regression analyses. The
assumptions tested were linearity between the dependent
and independent variables, homoscedasticity, independence
of observations, and normally distributed errors of the stan-
dardized residuals with methods as described by Field [42].
When all assumptions were met, two regression models
were built; one for the outcome measure pain intensity, and
one for pain-related disability. For the multiple regression
models, multicollinearity between the independent variables
(including headache type and bruxism) was checked. Mul-
ticollinearity was considered present when variables would
show a correlation higher than 0.8. All assumptions for linear
regression were met and there was no multicollinearity [42].

Both regression models were stratified by headache type.
Single linear regressions (step 1) were performed to detect
which psychosocial variables were associated with the out-
come measures headache pain intensity and pain-related
disability. Each single regression was corrected for the pres-
ence of concurrent headaches (step 2), as this may influence
the association between pain outcomes and the psychosocial
factors. Then, in the next step (step 3), the regressions were
corrected for the severity of bruxism as bruxism may have a
confounding effect on the association between the outcome
measures and the psychosocial variables [6]. Variables that
changed the regression coefficient of the previous step by
more than 10% were considered to confound that associa-
tion [43]. To be included in the multiple regression analyses
(step 4), a statistically significant association (p < 0.011, see
below) with the outcome measure in the corrected single lin-
ear regression model (step 3) needed to be present. For the
multiple linear regression analyses, the step-by-step forward
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procedure was used, starting with the strongest variable in the
model, and subsequently adding additional variables in order
of their strength as based on the single-regression standard-
ized coefficient . For each step, it was assessed whether there
was a significant change in model fit using the F-test [42].

To account for an increased type-I error rate associ-
ated with multiple comparisons, the online software simple
interactive statistical analysis (http://www.quantitativeskills.
com/sisa/calculations/bonfer.htm) was used to calculate an
adjusted alpha (significance level) for each headache sub-
group. This adjusted Bonferroni correction is based on the
mean correlation between the dependent variables, which was
calculated using R STATISTICAL SOFTWARE (https://www.r-
project.org/). These correlations and the adjusted alpha val-
ues were r = 0.071 and p < 0.011 for TMD-pain patients with
migraine, r = 0.081 and p < 0.011 for patients with TTH and
r=0.059 and p < 0.011 for patients with headache attributed
to TMD. Further statistical analyses were performed using the
IBM SPSS STATISTICS 26 software package (IBM).

RESULTS

From the 1745 medical records available for assessment, 323
were eligible for inclusion in the present study. Reasons for
exclusion (in order of drop-out criterion) were: ‘no TMD pain
diagnosis’ (n = 1262), ‘no headache diagnosis’ (n = 139),
and ‘missing information regarding headache pain intensity’
(n = 21). The mean age of the patients was 42.9 (SD 14.4)
years and 61.0% was female. Myalgia was present in 122
(37.8%) of the patients, arthralgia in 40 (12.4%) patients, and
the combination of myalgia and arthralgia was present in 161
(49.8%) patients (Table 1). Ninety-nine patients were classi-
fied with headache attributed to TMD, of which 49 were also
classified as having a migraine and 68 with a TTH (Table 2).
Of those not having a headache attributed to TMD, 79 patients
were classified with a migraine and 145 with a TTH. Approx-
imately half of the TMD-pain patients with migraine (n = 39)
also experienced TTH, and 21 TMD-pain patients with TTH
had a concurrent probable migraine.

Headache pain intensity

For patients with headache attributed to TMD, headache pain
intensity was significantly associated with all psychosocial
variables in the single regression models (f = —0.269 —0.378;
p < 0.000 - 0.007). Optimism lost its significance (p > 0.011)
and had a > 10% change in the regression coefficient after
correction for the presence of concurrent headaches. In the
multiple regression analysis, only anxiety was retained in the
regression model (f = 0.353; p < 0.001). All outcomes are
presented in Table 3.

For the group of TMD-pain patients with migraine, no sig-
nificant associations between headache pain intensity and any
of the psychosocial variables were present in the single regres-
sion analyses. After correcting for bruxism and the presence
of concurrent headaches (in this case: TTH, n = 39), no sig-
nificant associations were found with the adjusted p-value
of p < 0.011. Hence, no multiple regression analysis was
performed.

In patients with TMD-pain and TTH, no multiple regres-
sion analysis was performed as the single regression models
were not significant (p > 0.011).

Pain-related disability

In patients with headache attributed to TMD, pain-related dis-
ability was associated with all psychosocial factors, except
for optimism, in the single regression analyses (f = 0.332 —
0.397; p<0.001), as well as the corrected single regression
analyses (# = 0.341 — 0.400; p<0.001). Somatization came
out as the strongest variable in the multiple regression anal-
ysis (f = 0.399; p < 0.001). All outcomes are presented in
Table 4.

In TMD-pain patients with migraine, there was no statis-
tically significant association with any of the psychosocial
factors and pain-related disability (p > 0.011) in the single
regression analysis. Therefore, no adjusted regression analysis
was performed (Table 4).

In TMD-pain patients with TTH there was an association
between pain-related disability and all psychosocial factors
in both the single regression and corrected single regression
analyses (f = —0.277 — 0.439; p<0.001). Depression was the
strongest variable based on the multiple regression analysis
(f=0.444; p < 0.001).

DISCUSSION

The key findings of the current study were that in TMD-pain
patients with primary headaches the psychosocial factors were
not associated with headache pain intensity. In those with
headache attributed to TMD, anxiety, depression, and somatic
complaints were significantly associated with headache pain
intensity, even after correction for concurrent headaches and
bruxism. Pain-related disability was associated with psy-
chosocial factors in TMD-pain patients with TTH and in TMD
patients with headache attributed to TMD, but not in those
with migraine.

The current study shows that, in patients with migraine
and in patients with TTH, only some associations with
pain-related disability were found and no associations were
found with headache pain intensity. This is in contrast to
TMD patients with a secondary headache attributed to TMD,
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Total study

population

(N = 323)
Patient characteristics

Gender (female); N (%) 197 (61.0%)

Age in years; mean + SD 429 + 14.4
Myalgia; N (%) 122 (37.8%)
Arthralgia; N (%) 40 (12.4%)
Combined myalgia and arthralgia); N (%) 161 (49.8%)
TMD pain intensity; mean + SD 54.0 +£26.7
Headache pain-intensity; mean + SD 6.2+20
Pain-related disability; mean + SD 39.3 + 304
Psychosocial variables (range of instrument)

Anxiety (0-21) 55+5.1
Somatization (1-30) 10.5 £ 5.0
Depression (1-27) 6.9 +5.5
Optimism (0-24) 15.6 +4.7
Bruxism (0—4) 1.2+ 1.0
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Abbreviations: N, number of patients; TMD, temporomandibular disorder; TTH, tension-type headache.
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TABLE 1 Characteristics of the study population, presented as mean values (SD), or as frequencies by number and percentage.

Headache
attributed to
Migraine TTH TMD
N=19) (N = 145) N=99)
46 (58.2%) 85 (58.6%) 66 (66.7%)
414+ 13.1 438 +15.6 4277+ 13.7
31 (39.2%) 59 (40.7%) 32 (32.3%)
8 (10.1%) 26 (17.9%) 6(6.1%)
40 (50.6%) 60 (41.4%) 61 (61.6%)
53.1+£262 48.8 +27.0 62.6 +24.8
6.7+ 1.7 54+20 6.8+2.0
40.4 +28.0 31.9+£294 49.2 +31.1
59+47 44+45 70+5.8
109 +4.1 9.0+43 123 +£5.8
69+5.0 6.0+5.0 84+63
15.3 +4.7 15.8 +4.7 15.7+4.8
12+1.0 1.1+0.9 12+1.0
Co-morbid
Co-morbid Co-morbid migraine +
migraine TTH TTH
21 40 28
n/a 39 n/a
21 n/a n/a

TABLE 2 Distribution of headache diagnoses in the study population.
Single
headache

TMD-pain and headache attributed to TMD (N = 99) 10
TMD-pain and migraine (N = 79) 40
TMD-pain and TTH (N = 145) 124

Note: Number of participants is depicted in each column.

Abbreviations: N, number of participants; TMD, temporomandibular disorder; TTH, tension-type headache.

where both headache pain intensity and pain-related dis-
ability are associated with all of the measured psychosocial
variables, except for optimism. Higher scores on the presence
of multiple somatic complaints were associated with a
higher headache pain intensity in the patients with headache
attributed to TMD. Somatic complaints are multiple persis-
tent physical complaints such as pain, fatigue or dizziness,
which are all common in patients with widespread pain [37,
44, 45]. Widespread pain is also common in individuals with
TMD, and is considered an expression of central sensitiza-
tion [15]. One of the symptoms of central sensitization is
hypersensitivity for pain, explaining the higher headache
pain intensity scores in patients with higher levels of
somatization [46].

Additionally, the current study shows higher f values in
TMD-pain patients with migraine after correcting for brux-
ism, than before correction, for all psychosocial factors except

optimism in relation to pain intensity. For anxiety and som-
atization, bruxism impacted the associations with headache
pain intensity. In TMD-pain patients with TTH or headache
attributed to TMD, bruxism did not act as a confounder
in any of the associations, which is in line with previous
research showing bruxism to be a confounder in the asso-
ciation between TMD-pain and migraine [6]. Bruxism may
act like a trigger for migraine by overloading the trigeminal
system [19, 47], especially if there is peripheral sensiti-
zation. With a sensitized system, pain intensity may be
perceived at higher levels particularly when other psychoso-
cial factors are at play [48]. Future research should study the
influence on bruxism in TMD-pain patients with migraine
further.

Furthermore, evidence states that psychological factors can
influence headache pain through central nervous system path-
ways [22], and could be mediated by the presence of central
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TABLE 3 Single variable and multivariable linear regression for headache pain intensity in TMD-pain patients with headache, stratified by
headache type.
Step 3: Single variable
Step 2: Single variable regression (corrected for Step 4: Multiple regression
Step 1: Single variable regression (corrected for concurrent headache types (corrected for bruxism and
regression concurrent headache types®) and bruxism) concurrent headache types®)
Pain b b b b p (change
intensity p 95% CI) p 95% CI) p 95% CI) p 95% CI) in model)

Migraine (n =79)
Depression
Anxiety
Somatization 0.08 0.03 (=0.06, 0.13)  0.05
Optimism 0.23  0.09 (0.00, 0.17) 0.24
Tension-type headache (n = 145)

Depression

Optimism
Headache attributed to TMD (n = 99)
Depression 0.38 0.12 (0.06, 0.18) 0.34

Somatization 0.38 0.13 (0.07, 0.19) 0.34

Optimism

0.14 0.05(=0.01,0.12)  0.15° 0.06° (—0.00, 0.12)
Anxiety 0.11 0.05(=0.03,0.12)  0.11° 0.05° (=0.02, 0.12)
Somatization 0.17  0.08 (0.00,0.15)  0.20° 0.09° (0.02, 0.17)
—0.03 —0.01 (=0.08,0.06) —0.04° —0.02° (—0.09, 0.05) —0.043 —0.02° (=0.09, 0.05) — S =

0.11° (0.05, 0.17)
Anxiety 0.37  0.13 (0.06, 0.19) 0.35>  0.12¢ (0.06, 0.18)
0.12 (0.06, 0.18)
-0.27 -0.11 (=0.19, -0.03) -0.22  —0.09 (—0.17, —0.01)-0.22 —-0.09 (-0.17, —=0.01)— - -

-0.16 -0.06 (-0.13,0.02) -0.17 -0.06 (-0.14,0.02) —0.20 —0.07 (-0.14,0.01) — - -
-0.15 —-0.06 (-0.14,0.03) -0.15 -0.06 (-0.14,0.03) —0.18 —0.07 (-0.15,0.01) — - -
0.02 (—0.08, 0.12)
0.09 (0.01, 0.17)

0.08 0.03 (—0.06, 0.13) — - -
0.23 0.09(0.01,0.17) - - -

0.152 0.06° (-0.00, 0.12) — = =
0.108 0.05° (-0.02,0.12) — = =
0.207 0.10° (0.02, 0.17) — = =

0.34 0.12 (0.5, 0.17)
035 0.12°(0.06,0.19)  0.35 0.12¢ (0.06, 0.19) <0.001
0.34 0.12 (0.05,0.18) — - -

Note: fp: standardized coefficient; b: beta regression coefficient; CI: confidence interval; TMD: temporomandibular disorders; TTH: tension-type headache.
2Patients may have more than one headache diagnosis. When more than one headache is present, patients were classified according to pre-defined hierarchy criteria. In

this step of the analysis, the single regression outcomes are corrected for the presence of the other concurrent headaches.

bChange in model is statistically significant (Alpha-value [corrected for multiple comparisons] = 0.011).

¢The variable "concurrent migraine" is significant within the model.

Bold-faced regression coefficients depict estimates demonstrating > 10% change from previous step in the model.

sensitization [48]. In the current study, the psychosocial fac-
tors did not seem to influence perceived pain intensity in
a population of TMD-pain patients with primary headache.
Central sensitization and the chronicity of the complaints were
not taken into account, which could have influenced these
outcomes. Therefore, this should be studied more extensively
in the future. Additionally, future research should consider
prospective studies with a longitudinal design, to predict the
influence of psychosocial factors on the development of pain
intensity and pain-related disability in TMD-pain patients
with headache.

The association between pain-related disability and the dif-
ferent psychosocial factors was stronger in TMD-pain patients
with TTH or secondary headache attributed to TMD, com-
pared to patients with TMD-pain and migraine in the current
study. This indicates that migraine is quite a disabling type
of headache, regardless of the presence of psychosocial fac-
tors, while suffering from TTH or headache attributed to
TMD is more influenced by the presence of psychosocial
factors. Depression was associated in all headache groups
except for TMD-pain patients with migraine. In those with
TTH, depression was the strongest factor in the model.

Depression often comes with a lack of interest or pleasure
in doing things, which could explain the higher disability
scores. Other studies have shown that depression is associ-
ated with pain-related disability in patients with chronic pain
[25, 49]. Overall, somatization, depression, and anxiety influ-
ence a person’s mood, which can directly affect the impact
of the pain complaints and increase the perceived disability.
This is more strongly the case in women compared to men
[50], and the current study consists of more women (61%)
than men. Therefore, the findings of this study in relation
to pain-related disability in TMD-pain patients with TTH or
headache attributed to TMD are not surprising, but it is inter-
esting that in those with migraine the psychosocial factors
do not seem to influence the pain-related disability. Migraine
itself is a very disabling disorder, especially in those with
chronic migraine [51]. Unfortunately, the current study did not
allow for further subclassification between episodic or chronic
migraine, due to the relatively small sample size. It is recom-
mended for future studies to analyze if there is a difference
in influence of the psychosocial factors on pain-related dis-
ability depending on the level of chronicity of the migraine
complaints.
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TABLE 4 Single variable and multivariable linear regression for pain-related disability in TMD-pain patients with headache, stratified by
headache type.
Step 3: Single variable
Step 2: Single variable regression (corrected for  Step 4: Multivariable regression
Step 1: Single variable regression (corrected for  concurrent headache types (corrected for bruxism and
regression concurrent headache types®) and bruxism) concurrent headache types?)
Pain-related b b b b p-Value for
disability p 95% CI) p 95% CI) p 95% CI) p 95% CI) F change

Migraine (n =79)

1.44 (0.21, 2.67) 0.24
1.26 (-0.09,2.60)  0.20
Somatization 0.23 1.57 (0.05, 3.08) 0.19
Optimism 0.04 0.22(-1.15,1.58) 0.05
Tension-type headache (n = 145)

Depression 0.44 2.57(1.69, 3.45) 044  2.60 (1.71,3.48)
Anxiety 0.35 2.25(1.24,3.27) 0.35 2.25(1.24,3.27)
Somatization 0.29 1.94 (0.87, 3.02) 0.30 2.01 (0.93, 3.20)

Depression 0.26 1.36 (0.15, 2.58)

Anxiety 0.21

Optimism
Headache attributed to TMD (n = 99)

Depression 0.39  1.90(0.99, 2.82) 0.40
Anxiety 0.339 1.77 (0.76, 2.79) 0.34
Somatization 0.40 2.12(1.13, 3.10) 0.40

1.97 (1.04, 2.91)
1.82 (0.79, 2.85)
2.14 (1.13,3.14)

Optimism

1.21 (-0.11, 2.54)
1.33 (—-0.21, 2.86)
0.28 (-1.07, 1.63)

024 137(0.14,2.59) - - -
020 1.22(-0.12,2.56)
0.20  1.35(-0.21, 2.90)
0.05 0.28 (-1.08, 1.64)

0.44 2.63(1.74,3.51) 0.44 2.63(1.74,3.51) <0.001
035 229(1.27,3.30) - = =
031  2.08 (0.99, 3.16)

-0.27 -1.72 (-2.71, -0.72) —0.28 —1.73 (-2.73, -0.74) —0.28 —1.74 (-2.74, —0.74) — = =

0.40  1.96 (1.03,2.90)
034 1.83(0.80,2.86) — - -
040 2.13(1.12,3.14) 040 2.13(1.12,3.14)  0.002

-0.21 -1.38 (-2.65, -0.11) —0.22 —1.41 (=2.72,-0.10) -0.22 -1.41 (-2.72, -0.09) — - -

B: standardized coefficient; b: beta regression CI: confidence interval; TMD: temporomandibular disorders; TTH: tension-type headache. Corrected p-value suggesting

statistical significance for all headache groups is p < 0.011.

2Patients may have more than one headache diagnosis. When more than one headache is present, patients were classified according to pre-defined hierarchy criteria. In

this step of the analysis, the single regression outcomes are corrected for the presence of the other concurrent headaches.

Bold-faced regression coefficients depict estimates with > 10% change from previous step in the model.

The results of this study confirm that assessment of psy-
chosocial factors like somatization and depression in the
clinical setting is important information to collect. This is
because certain psychosocial factors in TMD-pain patients
with headache are found to influence the patient’s pain-
intensity and pain-related disability. The influence of psy-
chosocial factors on headache pain intensity and pain-related
disability in TMD patients should then be taken into con-
sideration when tailoring treatment to the individual patient
needs. Especially in patients with a headache attributed to
TMD, counselling [52] and cognitive behavioral therapy [53]
could be part of the treatment strategy, to acknowledge the
associations with these psychosocial factors.

The current study was conducted at a specialized clinic
for OPD. In this clinic, all practitioners work according to
the DC/TMD protocol, which enhances the reliability of the
data. However, not all eligible patients could be included in
the study due to missing data from their medical records.
This led to 21 patients with headache attributed to TMD
not being included in the study due to missing informa-
tion regarding their headache pain intensity. As this missing
information was not missing at random, this may have some
implications for the results. However, comparison of age and

pain-related disability showed no significant differences with
the study population (data not shown). Therefore, besides pro-
viding a bigger sample for the headache attributed to TMD
group, we do not believe it would have changed the results
in another way. Another limitation of the current study is the
use of self-administered questionnaires to gather information
on many of the variables used in this study. Patients may
have provided answers which they feel will help to receive
the treatment they preferred. Another common disadvantage
of self-reported data relates to unreliable answers due to recall
bias. However, the questionnaires used to assess psychosocial
factors, headache pain-intensity, and pain-related disability do
have good psychometric properties. The presence of migraine
and TTH was based on the headache screening questionnaire,
which has a high sensitivity (89% and 93%, respectively), but
low specificity (54% and 48%, respectively). This means there
is an enhanced chance of false-positive outcomes (patients
incorrectly being classified as having a migraine or TTH),
which could have influenced the outcomes. To have a bet-
ter understanding of the influence of psychosocial factors
on pain outcomes in various headache patients, replication
of the study results while using a clinical confirmation of
the headache diagnosis is recommended. Bruxism was also
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assessed by using a questionnaire, which would be considered
as possible bruxism. Possible bruxism yields less certainty of
adiagnosis than definite bruxism, where the gold standard of a
polysomnography is used [18]. However, in order to be able to
compare the results of the current study to the previous study
which described bruxism as a confounder in the association
between migraine and painful TMD, the same assessment tool
was used. That is why in the current study, no differentiation
was made between awake and sleep bruxism, which should be
done in future research as awake and sleep bruxism have dif-
ferent associations with TMD and psychosocial factors [54].

A strength of the current study is that the multiple regres-
sion models that were used were built including a correction
for the influence of bruxism on the studied associations.
Hence, previous research has shown that bruxism does con-
found the association between painful TMD and headache
[6]. Moreover, awake bruxism is associated with myofascial
TMD as well as with psychosocial factors like anxiety and
depression [30, 54]. By correcting for bruxism, the influ-
ence of the different psychosocial factors on pain intensity
and pain-related disability can be better identified [55]. Previ-
ous studies have shown various associations between painful
TMD and psychosocial factors [25, 56, 57]. In a TMD popu-
lation from an orofacial pain clinic, a positive association was
found between TMD pain intensity and anxiety, somatization,
and depression [26]. In the current study, similar associations
as reported in the literature for TMD pain intensity were found
in patients with headache attributed to TMD [26].

In conclusion, in patients with TMD and a primary
headache (migraine and/or TTH), no associations were
found between the psychosocial factors (depression, anxiety,
somatic complaints, and optimism) and headache pain inten-
sity. For pain-related disability, only in TMD-pain patients
with TTH were significant associations with the psychosocial
factors found; not in those with migraine. In TMD patients
with a secondary headache attributed to TMD, both headache
pain intensity and pain-related disability were associated with
all of the measured psychosocial variables, except for opti-
mism. It is of importance for health care providers to screen
for these factors and to optimize treatment.
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