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Abstract

Aim: To identify possible associations between muscular pain and headache in adolescents in a large population-based
sample.

Methods: Grammar school students were invited to fill in a questionnaire on headache and associated lifestyle factors.
Headache was classified according to the German version of the International Classification of Headache Disorders (2nd
edition). Muscular pain was assessed via denoting affected areas in schematic drawings of a body and via provoked
muscular pain on controlled movements of head, neck and shoulder regions.

Results: Prevalence of any headache within the previous 6 months exceeded 80%. In all subjects muscular pain or pain on
movement was most prominent in the neck and shoulder region, ranging from 9% to 27% in the non-headache popu-
lation to up to 63% for individuals with migraine or mixed migraine and tension-type headache (TTH). Frequency of
muscular pain increased significantly with growing chronicity of TTH.

Interpretation: A strong association between muscle pain in the neck/shoulder region and headache was observed,
pointing to the importance of muscular pain for headache in adolescents. Also, in this age group muscular pain appears
to be of particular importance in chronic TTH and — unexpectedly — in migraine, which is the most important new finding
in our study.
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Introduction

Headache is recognised as a significant health com-
plaint amongst adolescents (1). Migraine and tension-
type headache (TTH) are the most frequently reported
primary headache syndromes in this age group, with an
overall prevalence of headache within the 12 months
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before data collection of between 52 and 78% (2-4).
In adults, muscular pain is known to be associated
with both the intensity and the frequency of headache
and to influence many outcome variables, e.g. severity
of headache, burden of disease and chronicity (5-8).
Based on these findings the EFNS task force on the
treatment of TTH include a recommendation to exam-
ine the degree and location of pericranial muscle ten-
derness in a diagnostic workup for TTH, to assist with
the choice of non-pharmacological treatment options
(9). It is generally accepted that regular experience of
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pain within the cervico-trigeminal loop results in sensi-
tisation of midbrain pain structures (10) and becomes
part of headache pathophysiology.

Epidemiological studies in children and adolescents
have identified a whole variety of risk factors for
headache (3,4,11-13). These studies highlight the con-
tribution of stress and lifestyle factors to any headache
disorder, with a larger influence in migraineurs (12,14).
The role of muscular pain, however, has previously not
been addressed in depth in these studies. The exact
localisation of muscular pain in particular has not
been assessed in large studies, although small-scale
studies confined to highly selected patients point to
the suspected importance of muscle tenderness for
headache in children and adolescents (15-18). The stud-
ies suggest a high prevalence of concomitant neck pain
contributing to the frequency, intensity and chronicity
of any headache. However, there are conflicting data as
to the contribution of muscular pain in migraineurs at
present (16,17). Such data are potentially helpful to
define preventive strategies for headache and to
impede its chronification when applied to adolescents.

As population-based studies on potential associa-
tions between muscular pain and headache are rare
among adolescents (11,19), the aim of the present
study was to identify possible associations between
headache and muscular pain in the pericranial, neck
and shoulder muscles in a larger population-based
sample. Applying a validated and previously published
questionnaire allows classification of headache in order
to evaluate differences concerning muscular pain
between migraine and TTH (2,20,21).

Methods

The study was approved by the Data Safety Officer and
the Ethics Committee (082-08) of the Medical Faculty
of the Ludwig-Maximilians-University Munich and the
Bavarian State Ministry for Teaching and Culture.
Students (grade 10 and 11, aged between 15 and 18
years) of 11 public grammar schools in Munich,
Germany, were invited to fill in a questionnaire on
headache and associated lifestyle factors. Recruitment
procedures have been described in detail previously
(14). Written informed consent was obtained from the
parents of the participants. Consent of the participants
themselves was assumed when they handed over the
completed questionnaire to the study investigators.
Students completed the questionnaire during a regular
school lesson (45 minutes) in the classroom under
supervision of a teacher and at least one member of
the Munich headache team (medical doctor or psychol-
ogist) in a quiet and relaxed situation. Of all students
present at school on the respective day of data collec-
tion, 94.8% agreed to fill in the questionnaire.

Headache classification

Subjects who responded positively to the screening
question ‘Did you have any headaches during the last
seven days/three months/six months?” were classified as
headache sufferers. They answered further questions
regarding characteristics and symptoms as well as dura-
tion, frequency and intensity of their headaches. These
questions were constructed according to the criteria laid
down in the German version of the International
Classification of Headache Disorders, 2nd edition
(ICHD-II) (22). Based on these criteria, we used the
following classification: ‘pure migraine’ (including the
subtypes migraine with or without aura, chronic
migraine, probable migraine and probable chronic
migraine) and ‘pure TTH’ (including the subtypes infre-
quent episodic TTH, frequent episodic TTH, chronic
TTH, probable infrequent episodic TTH, probable fre-
quent episodic TTH and probable chronic TTH). A
double diagnosis of ‘migraine + TTH’ could arise in
subjects fulfilling the diagnostic criteria for both prob-
able (chronic) migraine and probable (episodic or
chronic) TTH, which requires compliance with all but
one of the respective diagnostic criteria for migraine or
TTH. All other subjects with headaches that did not
match any of these diagnoses for primary headache
were considered to have miscellaneous headache
(MH). The presence of muscular pain was assessed in
three ways: (1) Subjects who responded positively to the
screening question ‘Do you feel pain in the head, neck
or shoulder? were asked to mark these locations in
each of three drawings with either frontal, back and
lateral views of a body. (2) Subjects who responded
positively to the screening question: ‘Do you feel
pain-sensitive spots in the head, neck or shoulder?’
were asked to mark these spots in three further draw-
ings with frontal, back and lateral views of a body.
Based on these drawings, muscular pain and pain-sen-
sitive spots in the following seven regions of interest
were defined: frontal/temporal muscles, face, back of
the head, neck, shoulder/neck, shoulder and chest. A
grid subdividing each view into eight zones was used for
analysis of data and defining regions of muscular pain
or pain-sensitive spots. A mark encompassing adjacent
zones counted for both. (3) Subjects were asked to
respond to the following questions: ‘Do you feel mus-
cular pain in the head, neck or shoulder which could be
associated with your headache during any of the fol-
lowing movements?” In this part students were given a
detailed description of 13 movements and were asked to
perform each of them. Supervision and assistance was
provided as needed. The following movements were
assessed: (i) head rotation to the left, (ii) head rotation
to the right, (iii) head rotation to the left while looking
up to the ceiling, (iv) head rotation to the right while
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looking up to the ceiling, (v) making a ‘double chin’,
(vi) hyperextending the head to the back, (vii) tilting the
head to one side, (viii) lowering down the shoulder, (ix)
lowering down the shoulder while tilting the head to
one side, (x) clenching the teeth, (xi) opening the
mouth widely, (xii) bobbing the head, (xiii) other
movements. These movements were categorized as fol-
lows: movements (i) to (iv) as rotation of the head,
movements (v) to (vii) as movements of the neck, move-
ments (viii) and (ix) as movements of the shoulder,
movements (x) and (xi) as movement of the jaw joint,
movement (xii) as rapid movements of the head
and movement (xiii) as other movements.

Statistical analyses

Associations between categorical variables were tested
by using chi-square statistics. Separate chi-square tests
for any headache (with ‘no headache’ vs. ‘any head-
ache’), migraine as the only headache (with ‘no head-
ache’ vs. ‘pure migraine’), TTH as the only headache
(with ‘no headache’ vs. ‘pure TTH’), migraine + TTH
(with ‘no headache’ vs. ‘any migraine + any TTH") and
MH (with ‘no headache’ vs. ‘MH’) were calculated.
Furthermore, for subjects with TTH, Cochrane—
Armitage tests for trend for ordered categories were
calculated for infrequent episodic TTH, frequent
episodic TTH and chronic TTH; both included proba-
ble and non-probable classifications. A similar analysis
for ‘chronicity’ of migraine was not feasible due to low
numbers of cases (n=2). P-values <0.05 were consid-
ered to indicate a significant difference. Data were eval-
uated with the SAS software package (version 9.1, SAS
Institute Inc., Cary, NC, USA).

Results
Prevalence of headache

A total of 1260 questionnaires were included in the
analysis; 1047 (83.1%) of the students reported head-
ache at least once during the last 6 months. Amongst
them, pure migraine was found in 129 (10.2%) and
pure TTH in 614 (48.7%) of the participants. Of the
614 subjects with TTH, the following subtypes of TTH
were found: 50 (4.0%) subjects with infrequent episodic
TTH, 75 (6.0%) with frequent episodic TTH, 163
(12.9%) with chronic TTH, 108 (8.6%) subjects with
probable infrequent episodic TTH, 101 (8.0%)
with probable frequent episodic TTH and 117 (9.3%)
with probable chronic TTH. Any type of migraine plus
any TTH was reported by 249 (19.8%) of the subjects.
In the remaining 55 (4.4%) subjects with headache, the
type of headache could not be classified according to
the International Headache Society (IHS) criteria.

Muscular pain in head/neck and shoulder

Localisation of muscular pain. Table 1 shows the propor-
tion of subjects who marked specific regions of muscu-
lar pain in the head, neck or shoulder in the drawings,
separately for subjects without headache, with any
headache and stratified for type of headache. In all
subjects muscular pain was most prominent in neck
and shoulder region, ranging from 14 to 27% in the
no headache population to up to 63% for individuals
with migraine or mixed migraine and TTH headache.
In subjects with pure TTH, the frequency of muscular
pain ranged from 23 to 42%, a trend towards higher
frequency was observed in the chronic TTH group for
muscular pain in the neck (p =0.0029), shoulder/neck
(»=10.0003), shoulder (»p=0.0010) and the face region
(»=0.0393).

In addition, muscular pain in frontal, facial and
chest muscles was more frequently reported by subjects
with migraine or migraine and TTH than by individuals
without headache.

Localisation of pain-sensitive spots. Table 2 shows the pro-
portion of subjects who marked specific pain-sensitive
spots in the head, neck or shoulder in the drawings,
separately for subjects without headache, with any
headache and stratified for type of headache. Pain-
sensitive spots in the shoulder/neck region were by far
the most reported. Around 17% of no headache
adolescents reported pain-sensitive spots, the frequency
in TTH nearly doubling up to 33% and tripling to
around 50% in migraineurs or mixed migraine + TTH.

Frequency of reporting increased statistically signif-
icantly with increasing chronicity of TTH for pain-
sensitive spots in almost all regions of interest:
frontal/temporal (p <0.0001), face (p=0.0010), back
of the head (p=0.0088), neck (»p=0.0102), shoulder/
neck (p <0.0001) and shoulder (p <0.0001), but not
chest (p =0.1140).

Pain-sensitive spots in the chest region were only
reported in statistically significant numbers in students
with migraine.

Pain during movements in neck/shoulder region

Table 3 shows the proportion of subjects who reported
muscular pain that is potentially associated with speci-
fic movements, separately for subjects without head-
ache, with any headache and stratified for type of
headache. Movements were grouped into five main cat-
egories according to an anatomical basis. Taken
together, significantly more subjects with any type of
headache reported muscular pain along almost all
tested movements. Stratified for types of headache,
higher proportions were observed in students with
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to palpation of pericranial myofascial tissues (25).
These studies suggest that increased tenderness is not
only observed in TTH (15,16) but also in migraine (6).

The most accepted theory is that the central sensiti-
sation process is a consequence of prolonged peripheral
nociceptive inputs from muscle tissue within the cer-
vico-trigeminal system (10). Most likely this mechanism
is particularly relevant in patients with chronic myofas-
cial pain, because inputs from muscle nociceptors are
more effective in inducing prolonged changes in the
behaviour of dorsal horn neurons (26). Bendtsen (10)
proposed a model in which the main alteration in
chronic headache involves sensitisation of dorsal
horn/trigeminal nucleus neurons due to increased noci-
ceptive inputs from pericranial myofascial tissues. In
general it is thought that such a mechanism is respon-
sible for the development of chronic TTH. The noci-
ceptive input from myofascial A-delta- and C-fibres
seems to be increased for several reasons (26), resulting
in plastic changes in the spinal dorsal horn/trigeminal
nucleus. As a consequence, the normal inhibitory effect
of low threshold A-beta fibres on transmission in the
spinal dorsal horn is altered to a pain stimulatory effect,
potentiating the effect of nociceptive A-delta- and
C-fibres (26). This increased nociceptive input to
supraspinal structures may result in increased facilita-
tion and decreased inhibition of pain transmission at
the level of the spinal dorsal horn/trigeminal nucleus
and in increased pericranial intramuscular activity.
Mechanisms of central sensitisation and reduction of
inhibitory mechanisms are probably both involved in
altered central nociception in headache patients, thus
inducing and maintaining the chronic pain condition
(10). Along the process of chronification, sensitisation
of pain pathways in the central nervous systems seem to
be play an important part (7,8). In this context it was
not surprising that chronic TTH was associated with a
higher prevalence of pain.

However, the above-mentioned theory of central
sensitisation as a consequence of prolonged peripheral
nociceptive input from intramuscular areas cannot
explain easily the high prevalence of muscle pain in
migraine patients. Most of these patients reported
only episodic migraine attacks. The significantly
increased co-occurrence of muscular pain in children
with migraine might have several potential explana-
tions. Studies of migraine reveal an increased sensitivity
to observe and report other types of pain, probably
resulting from the intensive experience of pain in
migraine attacks (27). In a recent study by our group,
children with migraine reported a considerable shift
towards higher scores for perceived stress (14).
Increased intramuscular activity secondary to psycho-
logical stress is likely to be relevant in this respect,
because the stress condition may cause a prolonged

increase in regional muscle tone via the limbic system
and at the same time potentiate pain facilitation from
the brain stem to the spinal dorsal horn (28). Moreover,
neurophysiological studies in migraine disclose an
abnormality of cortical excitability and information
processing in patients with migraine between attacks.
Lack of habituation is the principal and most reproduc-
ible interictal abnormality in sensory processing in
these patients. Cortical habituation is seen as a protec-
tive mechanism against overstimulation or ‘stress’. It is
conceivable that stress could produce additional chem-
ical changes in the cerebral cortex of sufficient degree to
promote migraine attacks (28). It is not known if such a
change of cortical excitability can also be induced due
to an increased input from muscular nociceptors. In
this context it is interesting that muscular trigger
points are more often located in the ipsilateral pericra-
nial muscles in patients with strict unilateral headaches
(29). This finding still does not allow distinction
between consequence and cause for migraine and trig-
ger points. A further argument for a close relationship
is the increased prevalence of chronic migraine (but also
TTH) in patients with fibromyalgia, the prototype of
musculoskeletal pain disorder (30).

Given the known risk of neck pain to worsen the
frequency of headache in adolescents and the fact
that intramuscular tension is a significant risk factor
for excess morbidity from cervical pain later on, our
findings require further investigation to improve our
understanding of the underlying pathophysiology
(18). Considering the resultant negative impact on the
adolescent’s tertiary education and work participation
in adulthood, proactive preventive strategies can be
imagined to follow.

Strength and limitations

The major strength of our study is its population-based
data collection, although recruitment was confined to a
subgroup of students visiting a grammar school. Given
the high participation rate (94.8%) and the compara-
tively low number of excluded questionnaires (11.6%),
sampling bias seems to be unlikely. With the large
number of participants, it was possible to differentiate
between types of headache and to determine headache-
type-specific associations between muscular pain and
headache.

There are some weaknesses of the present study.
Classifications of types of headache were not validated
by physicians’ diagnoses, but were based on a self-
administered questionnaire. This might have resulted
in comparatively high estimates of headache preva-
lence, particularly for TTH. However, a number of
studies found reasonable sensitivity, specificity and pre-
dictive values for headache screening questionnaires
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(31-33). The construction of the headache question-
naire was based on the criteria of the ICHD-II (e.g.
20,22). The questionnaire used was an established
instrument to assess frequency and localisation of
pain among children and adolescents and has been
extensively used before (2,21,34,35). Its suitability for
the teenaged age group has also been demonstrated
explicitly before (20,34).

Localisation of pain/pain-sensitive spots was only
self-reported, which may account for misclassification
or failure to identify the ‘true’ pain-sensitive area iden-
tified by physical examination (for definition, see
Methods). Validation of self-reported pain spots by
physical examination was not possible because of the
strictly anonymous data collection. However, former
investigations have used comparable questionnaires
(11,19,24) or even shown a correlation between self-
reported pain and results of clinical examination (e.g.
17,18). To come as close as possible within this given
setting (by the Bavarian State Ministry for Teaching
and Culture) to the regions of muscular pain we con-
firmed ‘muscular pain’ (i) by marking a sketch, (ii) by
re-questioning for pain-sensitive spots and (iii) by pain
on movement manoeuvers under supervision of one
member of the Munich headache team.

The cross-sectional study design does not allow disen-
tangling cause and effect by definition. Whether this pain
hypersensitivity is a primary (cause) or a secondary (con-
sequence) phenomenon is still under debate (10,25).

In conclusion, a strong overall association between
muscle pain in the neck/shoulder region and headache
was observed. This is seen as confirmation of the
importance of the cervico-trigeminal loop also in the
spectrum of primary headache in adolescents.
Showing that muscular pain appears to be particularly
important not only for adolescents with chronic TTH
but also for individuals with migraine is one new find-
ing of our study.
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