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◗ Hemodynamics and Muscle Metabolism
of Tension-Type Headaches
Messoud Ashina and Michael Langemark

In spite of considerable progress in tension-type headache
research in recent years (2), the origin of pain in this preva-
lent primary headache is unknown. Findings of increased
myofascial tenderness (6,10,12,15) and muscle hardness
(3,20) in patients with chronic tension-type headache sug-
gest that tender pericranial muscles might be the sites of
primary hyperalgesia. It has been hypothesized that dis-
turbances in local muscle ischemia and metabolism in the
tender areas may explain myofascial pain in tension-type
headache and in other myofascial pain disorders such as
trapezius myalgia (8). Various in vitro and in vivo meth-
ods, such as muscle biopsy, single-fiber laser Doppler, and
magnetic resonance spectroscopy, have been used to ex-
plore the mechanisms responsible for myofascial pain.
The results of these studies have been conflicting. Whereas
open studies suggested abnormalities in microcirculation
(13,14), controlled and blinded studies have failed to find
firm evidence of peripheral abnormalities (21) in patients
with chronic myofascial pain (25). In addition to myofas-
cial factors in tension-type headache, it has also been sug-
gested that nociceptive input from the cranial vasculature
may contribute to a primary myofascial nociception in pa-
tients through mechanism of convergence of painful in-
put from different compartments (16). In this chapter, we
focus on various methods used to explore muscle blood
flow and metabolism, as well as hemodynamics of cephalic
nonmuscular compartments in patients with tension-type
headache.

MUSCLE BLOOD FLOW
AND METABOLISM

In an early study, blood flow in the splenius capitis muscle
was measured by the sodium-24 clearance method in pa-
tients with muscle contraction headache (17). Mean mus-
cle blood flow of patients during headache was found to be

33% higher than the mean blood flow in patients outside
of headache. However, there were several methodologic
shortcomings in this study, such as the tracer used not be-
ing freely diffusible, which introduces an important source
of error. Furthermore, the electromyography level was not
controlled.

Langemark et al. (11) studied temporal muscle blood
flow by injecting 133Xe into the muscle and recording the
washout curve (Fig. 72-1). The resting temporal muscle
blood flow in patients with chronic tension-type headache
was not significantly different from that of controls. Rest-
ing blood flows on the two sides were highly correlated,
and no right–left differences could be demonstrated. Dur-
ing isometric work, blood flow increased approximately
fivefold in both patients and controls (Fig. 72-2). A brief
reactive hyperperfusion after isometric work was found
in eight patients and one control subject. The cause and
importance of the phenomenon remains unexplained. No
trend toward correlation was found between the reported
severity of headache and the main flow parameters (rest-
ing flow and relative flow increase during exercise). The
authors could not demonstrate any difference in relative
hypoperfusion or hyperperfusion on the headache and
nonheadache side. No correlation was found between
mechanical pressure pain thresholds and muscle blood
flow values in either rest or in response to isometric
work.

Microdialysis is a unique technique for investigating
and monitoring local muscle blood flow and metabolism in
vivo within a tissue volume of less than 1 cm3 (9). Using the
microdialysis technique, Ashina et al. (4) estimated blood
flow and interstitial lactate concentrations in the trapez-
ius muscle at rest and in response to static exercise in
patients with chronic tension-type headache. The major
finding of that study was a decreased blood flow in re-
sponse to static exercise in a tender point in patients. The
increase in muscle blood flow from baseline to exercise
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FIGURE 72-1. Logarithmically displayed xenon-133 clear-
ance curves from right and left temporal muscles in a patient
with chronic tension-type headache. Note the immediately in-
creased steepness of the curves during isometric and dynamic
work, which occurs in parallel on the two sides. (From Lange-
mark M, Jensen K, Olesen J. Temporal muscle blood flow in
chronic tension-type headache. Arch Neurol. 1990;47:654–658,
with permission.)

and postexercise periods was lower in patients than con-
trols (Fig. 72-3). There was no difference in resting blood
flow between patients and controls. It could be suggested
that patients develop a relative ischemia in the tender point
during static exercise. If so, one would expect that the in-
crease of interstitial lactate concentration would be higher
in patients than controls. However, the authors observed
no difference in local increase of interstitial lactate be-
tween patients and controls (Fig. 72-4). This seems to rule
out the presence of ischemia in the tender point of patients
with chronic tension-type headache during rest and static
exercise.

To elucidate the possible role of inflammation or al-
tered metabolism, Ashina et al. (5) investigated in vivo
concentrations of various inflammatory mediators and
other metabolites in tender muscle in response to static
exercise in patients with chronic tension-type headache.
The authors found no signs of ongoing inflammation in a
tender trapezius muscle of patients in either resting mus-
cle or in response to static exercise. Interstitial concen-
trations of prostaglandin E2, adenosine 5′-triphosphate,
glutamate, bradykinin, potassium, glucose, pyruvate,
and urea did not differ between patients and controls
(5).

FIGURE 72-2. Temporal muscle blood flow in patients with
chronic tension-type headache (P) and headache-free sub-
jects (C). Note the lack of difference during rest as well as
during isometric and dynamic work. (From Langemark M,
Jensen K, Olesen J. Temporal muscle blood flow in chronic
tension-type headache. Arch Neurol. 1990;47:654–658, with
permission.)

The studies by Langemark et al. (11) and Ashina et al.
(4,5) suggest normal muscle blood flow at rest in patients
with chronic tension-type headache. The findings of di-
minished blood flow in the tender muscle during static
work (4) is probably not associated with inflammation
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FIGURE 72-3. Mean nutritive muscle blood flow in 16 patients
with chronic tension-type headache and in 17 healthy control
subjects. The figure shows that the increase in muscle blood flow
from baseline (Rest) to exercise (Ex 1 and Ex 2) and postexercise
periods (Pex 1 and Pex 2) was significantly lower in patients than
in controls (P = 0.03). The plots represent mean ± standard error
of mean scores. (Reproduced from Ashina et al. [4], by permission
of Oxford University Press.)
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FIGURE 72-4. Mean interstitial concentration of lactate in 16
patients with chronic tension-type headache and in 17 healthy
control subjects. There was no difference in change in interstitial
concentration of lactate from baseline (Rest) to exercise (Ex 1
and Ex 2) and postexercise (Pex 1 and Pex 2) periods between
patients and controls (P = 0.38). (Reproduced from Ashina et al.
[4], by permission of Oxford University Press.)

or altered muscle metabolism (5). The lack of difference
in local increase of interstitial lactate between patients
and controls seems to rule out the presence of ischemia
in the tender point of patients with chronic tension-type
headache during static exercise. It is possible that because
of increased excitability of neurons in the central nervous
system, the central interpretation and response to normal
sensory input are altered in patients with chronic tension-
type headache. This may lead to enhanced sympathetically
mediated vasoconstriction and thereby a decreased blood
flow in response to static exercise (2).

CEREBRAL HEMODYNAMICS AND
NONMUSCULAR EXTRACEREBRAL
BLOOD FLOW

In several studies, patients with tension-type headache
have been used as controls for comparison with pa-
tients suffering from migraine and other neurologic dis-
eases. Only one study has focused specifically on regional
cerebral blood flow (rCBF) in patients with tension-type
headache (1). In this short communication, Andersen et al.
(1) reported normal rCBF in patients with chronic tension-
type headache.

In a pilot study, ultrasonically determined blood flow ve-
locities were reported to be increased in episodic tension-
type headache (23), but in a subsequent study of chronic
tension-type headache, no disturbance was found (24).

Vasoconstriction of conjunctival vessels in tension-
type headache has been reported in uncontrolled stud-
ies (18,19), but these observations have never been repro-
duced in a controlled study. The thermographic pattern
of patients with muscle contraction headache in uncon-
trolled studies is similar to that of controls (7,22).

CONCLUSIONS

Despite many efforts, firm evidence for peripheral muscle
pathology as a cause of chronic headache is still lacking.
It is not clear which tender muscles are most relevant for
study. Furthermore, the pericranial muscles are relatively
small and not readily accessible for invasive procedures.
The available data suggest that any muscle pathology will
be much more subtle than that of other diseases which
cause painful muscles, for example, polymyalgia. Studies
of tissue blood flow are hampered by the fact that pain it-
self is accompanied by secondary stress phenomena, such
as increased heart rate and blood pressure as well as re-
distribution of blood flow to vital organs. Available data
show no signs of altered cerebral hemodynamics or non-
muscular extracerebral blood flow, and there is little the-
oretical basis to support further pursuit of nonmuscular
hemodynamic studies with present-day techniques. More
sensitive techniques are needed to answer the question of
whether tension-type headache and other myofascial pain
disorders are associated with peripheral pathology in ten-
der muscles.
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