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Abstract Tension type headache (TTH) is a primary
headache disorder considered common in children and
adolescents. It remains debatable whether TTH and
migraine are separate biological entities. This review
summarizes the most recent literature of TTH with regards
to children and adolescents. Further studies of TTH are
needed to develop a biologically based classification system
that may be facilitated through understanding changes in
the developing brain during childhood and adolescence.
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Introduction

Primary headaches are common in children and adoles-
cents. Tension-type headache (TTH) and migraine are
important sources of disability with several health-related
considerations. In comparison to migraine, little is known
about TTH in children; most of our knowledge has been
extrapolated from adult studies. Childhood and adolescence
mark periods of rapid growth, emotional maturation,
physiological perturbations, and hormonal changes, all
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which may influence the expression of primary headache
disorders in those with a predisposition [1]. For example,
the prevalence of migraine increases with age in both males
and females during preadolescence [2]. With puberty, there
is a higher prevalence of migraine in girls than boys,
suggesting a role of female sex hormones in the expression
of headache. The prevalence of TTH also increases with
age in adolescents [3¢]. It is important to better understand
TTH in this age group because these changes influence
headache phenotypes and may provide important points of
considerations when distinguishing TTH from migraine.

The diagnoses of TTH and migraine are typically based
on the second edition of the International Headache
Society’s International Classification of Headache Disor-
ders (ICHD-II) [4]. According to the criteria, TTH lasts
from 30 min to 7 days and is classified as a bilateral
pressure, tightening or nonpulsating headache of mild to
moderate intensity, occurring without aggravation by
routine physical exertion and without nausea or vomiting,
but may have either photophobia or phonophobia but not
both (Table 1) [4]. It may be argued that the classification
for TTH lacks sensitivity and specificity because the
diagnosis of TTH is essentially made by the lack of
associated symptoms diagnostic of migraine. The addition
of photophobia and phonophobia in TTH diagnosis may
lead to a diagnosis of TTH in quite a few cases that may be
better classified as migraine.

Diagnosis of TTH in children has obvious limitations.
There are difficulties related to the challenges in taking
histories in young children. In one retrospective study
testing the ICHD-II diagnoses of migraine and TTH in
children, many children were unclassifiable because chil-
dren were not able to communicate information regarding
pain quality, pain score, and aggravation by movement or
routine activities [5]. Behavior may be a more useful
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Table 1 ICHD-II Criteria for
migraine without aura and
tension-type headache for
children

Migraine without aura (code 1.1)

A. At least five attacks fulfilling criteria B-D
B. Attacks lasting 1-72 h (untreated or successfully treated)

C. Two of the following characteristics:

1. Migraine headache commonly is bilateral; occipital headache in children is rare

2. Pulsating quality
3. Moderate to severe intensity

4. Aggravated by, or causing avoidance of, routine physical activity

D. At least one of the following associated symptoms:

1. Nausea and/or vomiting

2. Photophobia and phonophobia (photophobia may be inferred from behavior in young children)

Subtypes: Episodic (<15 days/mo) and chronic (=15 days/mo on average for >3 mo)

Tension-type headache (code 2)

A. At least 10 episodes occurring on <1 day/mo on average (12 days/y) and fulfilling criteria B-D

B. Headache lasting 30 min to 7 days

C. Two of the following characteristics:

1. Bilateral location

2. Pressing/tightening (nonpulsating) quality

3. Mild to moderate intensity

4. Not aggravated by routine activity

D. At least one of the following associated symptoms:

1. No nausea or vomiting

2. Photophobia or phonophobia
Subtypes
1. Episodic

A. May occur with or without pericranial muscle tenderness

1. Infrequent
ICHD-II The International

Classification of Headache
Disorders, second edition
(Data from the Headache
Classification Subcommittee of

the International Headache
Society [4].)

2. Frequent

2. Chronic

a. At least 10 episodes occurring on <1 day/mo on average (<12 days/y) and fulfilling criteria B-D

a. At least 10 episodes occurring on >1 but <I5 day/mo for at least 3 months

A. >15 days/mo on average for >3 mo

measure of pain intensity than pain scores in younger children.
Clues to look for include a reduction in social interaction or
play, a child that once was active that later becomes sedentary
and requires more sleep, or perhaps a child that appears less
involved in school. Altogether, studies aimed at validating the
ICHD-II diagnostic criteria for TTH on a phenotypical—
biological basis are necessary to adequately interpret current
studies and begin to answer the pressing questions that exist
[6]. This review aims to summarize the current studies
pertaining to TTH in the pediatric and adolescence age
groups, the applicability of the ICHD-II, and clinical and
pathophysiological considerations.

Classification, Phenotype, and Diagnostic Challenges

The classification of TTH is based on its phenotype as
defined by the ICHD-II [4]. According to ICHD-II, TTH

generally is defined as a bilateral headache with pressing or
band-like quality of low to moderate intensity. TTH can be
distinguished further in terms of frequency, which can vary
in individuals: the infrequent episodic subtype occurs less
than once monthly, the frequent episodic subtype occurs on
less than 15 days per month, and the chronic subtype occurs
15 days or more per month for over 3 months. The
distinctions based on frequencies are rather arbitrary and
the chosen terminology, such as the context in which the
word chronic is used, can be confusing. Moreover, the high
prevalence and the variance over time for infrequent and
frequent TTH make genetic studies harder to interpret and
distinguish from chance [7].

Migraine can commonly present as a bilateral, short-
lasting headache, with episode-to-episode differences in
associated features resembling TTH. Another problem is
that the phenotype may not be fully developed with age
because the phenotype of migraine without aura can evolve
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in adolescence or early adulthood from a bilateral to
unilateral headache [4]. Ultimately, the variability in
phenomenology raises the possibility that, at least in some
patients, we may be speaking of the same disorder with
both typical and atypical attacks of migraine [6, 7].

In clinical practice, it is not always easy to distinguish
between the two entities (Fig. 1). Altogether, it has been
debated whether such distinctions need to be made because
there seem to be more similarities than differences [8]. Due
to several considerations, a significant number of patients
cannot be diagnosed, remain unclassifiable, or carry the
diagnosis of probable migraine or probable TTH [9]. For
migraine in children, the ICHD-II recognizes that attacks
may be of shorter duration, lasting from 1 to 72 h, with
bilateral location and pain intensities that may be inferred
from their behavior. According to one study analyzing the
ICHD-II diagnosis of migraine and TTH in children, the
criteria classify TTH and migraine well, although many
patients were left unclassifiable with a reduction in duration
not making a significant difference [9]. The authors
suggested that the duration criteria be eliminated for TTH
and migraine because a significant increase in duration has
been shown to occur with age. Mixed phenotypes propose
yet another diagnostic issue. In one study, the prevalence of
coexisting TTH and migraine was 6% based on a
population-based study in Swedish schoolchildren [10].
This certainly can be supported by Lipton et al. [11], who
showed that TTH in patients with migraine responds to
sumatriptan whereas patients with TTH alone do not,
supporting the continuum theory at least in patients with
both disorders.

For chronic forms, problems also exist when children
can be diagnosed with both chronic TTH (CTTH) and
chronic migraine. It has been argued that these patients’
ailments could be diagnosed as chronic migraine based on
the new appendix criteria for a broader concept of chronic
migraine [12]. A retrospective chart review of chronic daily
headache in French children and adolescents supports the
use of detailed histories and diaries along with the

Migraine | TTH |

Fig. 1 Diagnostic ambiguity of current criteria for migraine and TTH
in pediatric and adolescent populations. Difficulties in diagnosing
TTH in children from migraine include 1) frequent headache
transformations; 2) changes in phenotype with age and sex; 3)
coexisting migraine and TTH; 4) communication barriers; 5) not
fulfilling the prior episode or duration requirement; 6) methodological
variability in epidemiological studies; and 7) lack of a biological-
based classification system for TTH and migraine
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Silberstein-Lipton criteria for chronic daily headache,
which encompasses transformed migraine, CTTH, and
new daily-persistent headache. The ICHD-II revised criteria
also were found useful and allowed for the diagnosis of
chronic migraine, new daily-persistent headache, CTTH,
CTTH and migraine without aura, CTTH and migraine with
and without aura, probable CTTH, and CTTH with
probable migraine without aura.

When the phenotype is unclassifiable, it may be helpful
to ascertain further information to determine a diagnosis.
Parents usually accompany their children and make it
plausible to obtain a detailed family history of headache.
Classically, TTH lacks the circadian rhythmicity seen in
other primary headache disorders such as migraine or
cluster headache. Ice cream headaches and motion sickness
in the childhood history of the patient may be useful
markers for migraine in unclear diagnostic circumstances.
A history of cyclical vomiting or recurrent abdominal pain
in an unclassifiable patient is suggestive of an evolution to
migraine. Recurrence may be reassuring in confirming the
benign nature of a headache disorder. On the other hand,
the number of episodes in young children is limited by a
short lifespan, and therefore, it has been suggested to
eliminate the number of episodes in young children. This
also may be reasonable keeping in mind headache
transformation in this age group.

High rates of headache transformation between TTH and
migraine create diagnostic challenges. For example, a 4-year
annual follow up study in 12- to 17-year-old patients with
headache showed that headache diagnosis changed in 20.69%
of patients on follow-up [13]. Specifically, there was
transformation of headache type in 4 of 50 patients with
migraine (8%), 10 of 24 patients with TTH (41%), and 4 of
13 patients with other headache types (30.8%). Headache
transformation suggests the possibility of a common under-
lying biology or coinheritance of TTH and migraine.

Neurobiological Considerations

The evidence for the existence of TTH as a separate
biological disorder needs further validation. Nitric oxide
(NO) appears to be an important molecule involved in
regulation of cerebral and extracerebral blood flow, regula-
tion or arterial diameter, and nociceptive signaling possibly
linked to release of calcitonin gene—related peptide (CGRP).
Nitroglycerin infusion has been shown to trigger immediate
and delayed headaches in patients with either migraine or
CTTH, and the authors suggested that NO-related central
sensitization may be an important common denominator in
pain mechanisms of TTH and migraine [14]. While
nociception from myofascial tissues is considered important
in TTH, the role of a peripheral mechanism as an inciting
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factor is not clearly known, and certainly central factors are
important for CTTH because general hypersensitivity to
pain stimuli has been demonstrated [15]. It has been
suggested that peripheral inputs also are important in
migraine pathophysiology, although the presences of aura,
premonitory symptoms, and functional imaging studies
support central activation as a primary mechanism [16,
17]. In a magnetic resonance imaging voxel-based mor-
phometry study comparing 20 patients with CTTH and 20
patients with medication overuse headache with 40 controls
patients, only patients with CTTH demonstrated significant
gray matter decreases in areas of the brain involved in
nociceptive transmission [18]. Such changes seem to be
reversible, as shown in other chronic pain conditions [19].

Further subclassification for the episodic and chronic
subtypes of TTH can be made for children with or without
pericranial tenderness, caused from excessive contraction of
the jaw or scalp muscles [4]. In a blinded study, restricted
neck mobility was significant in children with CTTH with
pericranial tenderness for flexion, extension, and right—left
lateral rotation [20]. Another study showed increased
pericranial muscle tenderness at palpation in children with
migraine, but failed to find an association in the neck—
shoulder regions of children with TTH [21]. The study found
no differences in mean pressure pain thresholds between
children in the TTH, migraine, and nonheadache groups.
Certainly, neck pain is a common finding in migraine,
associated with activation of the trigeminocervical complex.
Altogether, muscle factors may be more important in the
pathogenesis of TTH than migraine, but they are certainly
seen in both disorders, and are not of diagnostic utility [22].

Migraine is considered a neurobiological disorder with a
susceptibility to attacks based on external and internal
triggers. Some studies have indicated that the triggering
factors for migraine are greater than for TTH in this
population [3e, 23]. Stress and peripheral factors such as
posture are considered important in TTH. In an epidemio-
logically based population study, precipitation by sleepless-
ness, sunlight, hunger, exercise, and watching TV were
more common in the migraine group than children with
TTH. The reduced triggerability of TTH has been argued as
a way to distinguish the two entities, and it has been
suggested that lack of triggerability of TTH should become
a part of the ICHD-III criteria [5]. Although helpful in some
cases, this would be an arbitrary distinction.

CGRP levels are not significantly elevated during TTH
in adults [24], unlike migraine, where CGRP levels were
predictive of pediatric migraine when compared to the
nonmigraine group [25]. The CGRP levels were signifi-
cantly elevated when comparing levels during an attack
versus out of an attack. CGRP has been implicated in the
pathophysiology of migraine. CGRP is a neuropeptide
produced by alternative RNA splicing of the calcitonin

gene. CGRP receptors are found on meningeal blood
vessels, trigeminal ganglion and sensory afferents, in the
periaqueductal gray, and in other areas of the brain
associated with migraine pathogenesis [26]. Stimulation of
the trigeminal ganglion can result in elevations of CGRP
and substance P [27, 28]; however, only CGRP was
significantly elevated in the external jugular veins in
patients during an acute attack of migraine. Elevated CGRP
levels are associated with severe and prolonged headaches,
and the headache can be normalized with sumatriptan
treatment [28, 29]. Therefore, one caution in interpreting
these results is that CGRP elevation is associated with
headache severity, so that it may be an artifact of our
classification system and, in line with the continuum theory,
that nonmigraine or TTH is not associated with significant-
ly elevated levels during acute attacks [24]. There is a
relative over-representation of CGRP-enriched afferents
related to dural innervation, which may explain the
importance of CGRP in migraine and the trigeminal
autonomic cephalgias [30]. It is arguable whether this is at
all important for TTH because headache perception in TTH
may be explained by referred pain from trigger points in the
craniocervical muscles [31]. Further work that aims to
identify biomarkers that may distinguish migraine from
TTH 1is necessary to add biological validity to our
classification system.

Epidemiology

The variability in the prevalence estimates of TTH has been
attributed to environmental and genetic factors. According
to estimates based on several prevalence studies, TTH
affects about 31% (10%—72%) of children [32]. In one
study, a family history of headache was found in 40% of
patients with TTH, and first-degree relatives had a 2.1- to
3.9-fold increased risk of CTTH compared to the general
population [33, 34]. In another study, 46% of patients with
migraine were found to have a family history of migraine as
compared to 18% of patients with migraine having a family
history of TTH [35]. On the other hand, one study, a
population-based study of 33,764 adolescent and adult
twins, showed that the risk and frequency of TTH was
found to be higher in patients with migraine, perhaps
because they carry a single diagnosis of migraine [7].
Altogether, family histories are limited in that these
disorders have not been fully defined.

Age is a risk factor for TTH in children and adolescents
similar to migraine. According to a study of Swedish
schoolchildren between the ages of 7 and 15 years, both
TTH and migraine increased with age, especially in girls
[10]. The influence of age also was seen in one study,
conducted in a pediatric specialty care center, where age
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accounted for more variance than sex in headache severity,
duration, frequency, and disability [36]. In a 6-year
epidemiological follow-up study in children, headache
was reported in 909 of 1,155 adolescents and commonly
changed; 57.5% of headaches were diagnosed as TTH,
18.6% were diagnosed as migraine, and 2.6% were
unspecified [3¢]. The most important variation was the
increase in TTH with medication overuse occurring
frequently in 8.7% of adolescents with TTH.

Several large headache global initiatives are underway to
determine the prevalence and impact of headache disorders.
The “Lifting the Burden” campaign is a World Health
Organization global initiative to assess the prevalence and
burden of headache. Based on the initiative, the prevalence
data on pediatric TTH is relatively sparse, with estimates
for Norway, Sweden, and Brazil of 23.2%, 11.8%, and
72.3%, respectively [32]. Winkler et al. [37¢] studied the
prevalence of headache in rural Tanzania through a door-to-
door survey and found an exceedingly low prevalence rate
for TTH. The average 1-year prevalence of TTH in the age
group of 0 to 10 years was 0.04% based on the ICHD-II
criteria. Between the ages of 11 and 20 years, the average
I-year prevalence was only 1.3%. Further efforts that
uncover the scale, the impact, and the factors associated
with population differences of TTH in younger generations
need to be made on the local, national, and global levels.

The discrepancies in prevalence have been attributed to
differences in methodology including prevalence estimates,
usage of the ICHD-II versus other diagnostic criteria, and
interview types. While multiple headache diagnoses can be
appreciated in a clinic setting through a clinical interview,
questionnaire studies may be sensitive to more severe
phenotypes, resulting in single diagnoses of migraine.
Other considerations that may account for population
differences are psychosocial and cultural factors of pain
reporting. The Eurolight project is an initiative with the
objective of gathering updated reliable comparable infor-
mation regarding migraine, TTH, and chronic headache in
selected European countries [38]. Both systematic and
consistent methodological approaches are necessary to
determine the true prevalence of TTH worldwide.

Recently, epidemiological studies have focused on
determining the population dynamics of headache based
on frequencies. A transitional model of TTH shows that
low-frequency TTH may remit or transition to high-
frequency TTH, which may in turn remit or transition to
CTTH [39]. This may be an overly simplified approach, as
there is a substantial rate of transformation between
migraine and TTH in follow-up studies. Even so, epidemi-
ological studies assessing headache frequency have the
advantage of estimating primary headache without the
limitations of ICHD-II, such as those subjects that are
unable to be diagnosed. In a population-based study of
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preadolescent school children in Brazil, the prevalences of
high-frequency headache and chronic daily headache were
2.5% and 1.6%, respectively [39]. High frequency is an
important risk factor for chronic daily headache in adults
and is important to consider in children.

Chronic daily headache is important to study in this age
group, as in one clinic based study, early onset disease was
associated with a worst outcome [40]. CTTH was more
common in adolescents than in adults, but medication
overuse was not seen.

Management

Headache can have a significant impact on the lives of
children and parents; however, there may be too much
attention to psychosocial variables, which are more consis-
tent with the older terminology of tension headache as
opposed to TTH. For example, TTH is associated with
fewer close friends and had a higher rate of divorced
parents [41]. Another study assessing the cognitive profiles of
children with headache when compared to control patients,
showed a significant negative correlation between total
intelligence quotient, performance intelligence quotient, and
the frequency of attacks [42]. This indicates that children with
frequent headache perform not as well as they potentially
could in terms of cognition because of the headaches. This is
a strong argument for treatment. Perhaps these studies should
be approached agnostically to avoid errors of attribution,
especially for a disorder that is so common.

A recent population-based cross-section study of psy-
chopathological symptoms, such as emotional symptoms,
conduct problems, hyperactivity/inattention, and peer prob-
lems, in adolescents with headache did not find a
significantly increased risk in patients with TTH; however,
if psychological factors are present, they should be
appropriately managed in parallel [43].

More controlled studies are needed to assess the efficacy of
nonpharmacological approaches. In an uncontrolled study,
electromyographic biofeedback—assisted relaxation techni-
ques appeared effective in reducing headaches in a 3-year
juvenile TTH follow-up study [44]. More studies for physical
therapy are needed; a study to determine the effects of
specific strength training versus lifestyle counseling in
children with TTH currently is underway (NCTO01155557)
[45]. A study of diet and lifestyle in high school students
suggests different habits in regular intake of breakfast,
physical activity, and consumption of alcohol in adolescents
with any type of headache may be important [46].
Behavioral approaches have the benefit of minimizing the
need for pharmaceuticals and their potential side effects;
however, trigger management and lifestyle modifications
may be challenging due to issues of adherence.
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The European Federation of Neurological Societies
guidelines for treatment of TTH make general recommen-
dations, which can be applied to children [47]. Simple
analgesics and NSAIDs are first-line agents considered
effective. The evidence for the efficacy of prophylaxis is
limited; amitriptyline often is used, as in migraine, although
more randomized controlled trials are needed [48]. Drugs
blocking NO production may be effective for CTTH and
deserve further exploration [49]. Ultimately, one important
aspect of studies in this age group is the issue of
expectation or high placebo rates, which can be accounted
for with a crossover design. On the other hand, the high
placebo rate may be used therapeutically.

Conclusions

To date, little is understood about the biological nature of
TTH in children and adolescents. Growth and develop-
ment with age are associated with many changes
influencing the phenotypic expression of headache.
Headache transformation in young children and adoles-
cents is common, suggesting the possibility of similar
biology at least in some patients. Prevalence estimates
are limited by differences in methodological approaches
including variability in diagnostic criteria. Studies based
on identifying risk factors for frequent headache may
better to identify at risk populations for TTH and
migraine. Altogether, face-to-face structured interviews
are optimal because longer histories of migraines over
time or ‘’chronicity” may trend to more featureless
CTTH [50, 51].

Future research is necessary to validate upcoming
classifications of migraine and TTH, especially in
children and adolescents. Ultimately, we await the point
in our scientific understanding where TTH can be
diagnosed beyond its clinical phenotype because the
current classification leaves many children unclassifiable.
It also is with great anticipation that models of head pain,
identifications of biomarkers, or advances in imaging
pave the way to a more biologically accurate diagnostic
classification system. With these goals in mind, we will
be on our way to ascertain the true impact of the
disorder, develop the best treatments, and effectively
reduce disability.
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