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Abstract

Context: Osteopathic manipulative treatment reduces
symptoms in patients with headache disorders, but the
underlying mechanisms are unclear.
Objective: To evaluate blood flow in the intracranial and
extracranial vasculature before and after occipitoatlantal
decompression (OAD) using Doppler ultrasonography.
Methods: Healthy, first-year osteopathicmedical students
fromA.T. Still University’s Kirksville College of Osteopathic
Medicine participated in a randomized, single-blinded,
two-period, two-treatment crossover study. The partici-
pants were randomly assigned to 1 of 2 treatment in-
terventions: OAD or sham touch. After one week,
participants returned to have the other intervention per-
formed. Blood flow parameters—peak systolic velocity
(PSV) and end-diastolic velocity (EDV)—in the middle ce-
rebral artery (MCA), internal carotid artery (ICA), and
vertebral artery (VA) were evaluated before, immediately
after, 5 minutes after, and 10 minutes after treatment. Dif-
ferences in PSV, EDV, heart rate (HR), and blood pressure
(BP) for both interventions were analyzed for the four time
points using mixed-effects models.
Results: Thirty healthy medical students (11 men, 19
women;mean age, 24 years) participated in this study. EDV
increased after OAD in the MCA, ICA, and VA (all p<0.001);
no change occurred after sham touch (all p>0.05). EDVwas

greater for all post-treatment timepoints after OAD in the
MCA, ICA, and VA than after sham touch (all p<0.001).
Although baseline PSV in the MCA measured before
treatment was different between treatment interventions
(p=0.01), no differencewas found between interventions at
any post-treatment time point (all p>0.59). Changes in PSV
in the ICA and VA and for HR and BP did not depend on
treatment intervention (p>0.06).
Conclusion: Increases in EDV occurred in major cranial
arteries after OAD but not after sham touch, indicating that
OAD improves blood flow to the brain. The exact mecha-
nism of this increase is unknown; however, it can be
explained by either parasympathetic stimulation through
the secretion of vasodilating neurotransmitters or by a
decrease in external tissue pressure on ICA and VA, with
the resulting flow causing further dilation in the MCA.

Keywords: Doppler sonography; headache; occipi-
toatlantal decompression; osteopathic manipulative
treatment.

Occipitoatlantal decompression (OAD) is a cranial osteo-
pathic manipulative treatment (OMT) technique used to free
local restrictions around theoccipitoatlantal joint.1–3 Similar
techniques with slightly different force vectors are used in
this anatomical area as well, including condylar decom-
pression for the occipital condyles and suboccipital
decompression for the area surrounding the suboccipital
muscles.1–5 These techniques can be used to normalize
parasympathetic tone, improve infant feeding issues, and
manage headaches.1,3–6 In a previous heart rate variability
study,6 researchers investigated the effect of suboccipital
decompression on parasympathetic tone. Heart rate vari-
ability was significantly affected by suboccipital decom-
pression, indicating a possible influence on the vagus nerve
and the corresponding parasympathetic tone to the heart.6

The hypoglossal nervemay be influenced byOMT as well.4,5

When treated with condylar decompression, infants with
feeding issues have shown improvements in their suckling
response.4,5 In theory, this management technique releases
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soft tissue restrictions (fascia, ligaments, muscle, and bone)
around the condyles where the hypoglossal nerve travels,
including the hypoglossal canal; these restrictions are
thought to reduce proper neurotransmission to control
tongue movements during feeding.4,5

Patients with headache disorders who visit osteo-
pathic physiciansmay experience a reduction of symptoms
when OMT is used as part of their treatment plan.7,8 For
example, OAD is one of many techniques used to manage
headache disorders, but little research has investigated the
physiological effects of OAD, especially concerning head-
ache conditions. Some studies9–11 have investigated using
multiple cranial and cervical techniques to manage head-
aches. Overall, the current evidence for OMT and headache
disorders is low, so more research is needed to determine
whether these methods are effective and to understand
why they are effective.12,13

Although pharmacological treatments exist for head-
ache disorder prevention and reduction, they may limit the
patient’s quality of life and treatment outcomes because of
associated risks, contraindications, expenses, and side ef-
fects such as worsening symptoms (e.g., chronic daily
headache from overuse).14,15 Alternatively, OAD is a quick
OMT technique that can be performed during an office
visit.1–3,6,16 Further, it can be combined with other OMT
techniques, such as soft tissue and inhibition techniques, or
performed as a standalone osteopathic treatment. Although
techniques like soft tissue can help relaxmuscle tension and
relieve certain types of headache disorders (e.g., tension
headaches), other types of headache disorders (e.g., mi-
graines) are more complex with multifactorial etiology,
symptomatology, and phases that involve extracranial and
intracranial blood vessels, nerves, chemical imbalances, or
inflammation, and can also be genetic or environmental.10

For migraines, evidence supports neural and vascular
involvement.17,18 However, the vascular hypothesis is
controversial because it is debated whether migraines orig-
inate from blood flow or neuronal changes.19,20 The trige-
minovascular system is likely involved andwidely accepted
as contributing to the complex pathophysiology of the
headache phase of migraines.21,22 Specifically, nociceptors
in large intracranial vessels and dura mater are stimulated
and send afferent pain signals to the trigeminal ganglia,
which form the trigeminovascular system and contribute to
the development of migraines.21,22 Vasoactive neuropep-
tides, such as calcitonin gene-related peptide, are released
in the vascular terminals of the trigeminal nerve and its
nucleus.23 Calcitonin gene-relatedpeptidehasbeen found to
induce the release of proinflammatory mediators and may
cause vasodilatory effects in cerebral and dural blood ves-
sels.24,25 This results in additional activation of the afferent

fibers of the trigeminal nerve, causing a positive feedback
loop for further calcitonin gene-related peptide release.24,25

During thecortical spreadingdepressionof theauraphaseof
migraine, slow depolarization waves and cortical inhibition
occur around the same time as aura symptoms, such as vi-
sual or motor disturbances.26 Blood flow changes like
cortical hyperemia and oligemia also take place during this
phenomenon.26 A local cortical spreading depression has
been suggested to release calcitonin gene-related peptide,
potassium ions, glutamate, nitrous oxide, and other mole-
cules that diffuse and activate the nociceptors involved in
the trigeminovascular response observed during the head-
ache phase of migraines.27,28

The clinical benefit of OMT for the management of
headache disorders may arise from neurovascular effects,
particularly whenOAD is used.8,29 Other benefits of OADare
that it does not have asmany side effects asmedications and
may be used as an adjunctive treatment in addition to
medications.Thiskindofcombinedtreatmentapproachmay
reduce the amount of medication used, provide immediate
symptom relief, and improve the patient’s quality of life.

Transcranial Doppler ultrasonography is a noninva-
sive tool that can be used to evaluate blood flow in the
cerebral arteries.30 In the clinical setting, transcranial
Doppler ultrasonography has various applications and is
especially useful in intensive care, since it can be used to
evaluate intracranial stenosis, occlusion, and intracranial
pressure. In patients with migraines, transcranial Doppler
ultrasonography has shown significant changes in circu-
lation during a headache when compared with headache-
free periods.31 Therefore, it would be beneficial to use
transcranial Doppler to assess possible vascular mecha-
nisms by which OAD helps prevent or reduce headache
disorders. Such information would allow physicians to
better understand how to use this OMT technique most
effectivelywhether in combinationwith othermodalities or
as a standalone therapy.

The purpose of the current studywas to evaluate blood
flow in the intracranial and extracranial vasculature before
and after OAD using Doppler ultrasonography. We hy-
pothesized that OADwould result in changes in blood flow
to the head, which could provide a better understanding of
the effects of OAD on cerebral vasculature and aid in the
development of individualized treatment plans for patients
with headache disorders.

Methods

Healthy, first-year osteopathic medical students from A.T.
Still University’s Kirksville College of OsteopathicMedicine
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were recruited to this randomized, single-blinded, two-
period, two-treatment crossover study. First-year osteo-
pathic medical students were sent a mass email inviting
their participation in the study, and describing its purpose:
to examine blood flow to the brain as a result of OMT. They
were informed that Doppler ultrasonography would be
used to evaluate blood flow in the internal carotid, verte-
bral, and middle cerebral arteries. They were provided an
electronic sign-up form with available dates and times.
Students who participated in the first portion of the study
were invited back for the second portion of the study one
week later. First-year students were chosen for the study
because they had not yet been exposed to OAD in their
didactics and skills labs at the time of data collection.
Participation was voluntary, students were not compen-
sated, and there was no penalty for not participating. No
identifying information was collected during the study.
Background information, including demographic charac-
teristics and a brief medical history checklist, was collected
from each participant. If any of the conditions listed on the
medical history were present, the participant was excluded
from the study. Conditions listed for exclusion were:
caffeine use ≤2 hours before participating in the data
collection, rigorous exercise the day of the data collection,
OMT the day of the data collection, smoking, cervical
spinal injuries/fractures/trauma, fusion of cervical verte-
bra(e), vertebrobasilar artery insufficiency, cervical herni-
ated disk, pregnancy, rheumatoid arthritis, chronic
migraine (with and/or without aura), currently experi-
encing headache or migraine, severe osteoporosis, liga-
mentous instability, history of concussion, brain injuries,
ocular trauma, vision disturbance, glaucoma, arterial
hypertension, neoplasm, and Ehlers-Danlos, Marfan, or
any other connective tissue disorder. All procedures of
the current study were approved by the A.T. Still
University-Kirksville institutional review board.

To evaluate blood flow in the intracranial and extra-
cranial vasculature before and after OAD using Doppler
ultrasonography, students participated in two periods and
were randomly assigned to OAD or sham touch treatment
interventions at the first period by a coin toss. Participants
returned for the next period after one week and the second
treatment intervention was performed. The randomization
was used to control for intraparticipant variability. We
included a sham touch intervention to compare OAD with
the effect of simple skin touch. Participantswere unaware of
the type of treatment performed and were instructed not to
have caffeine for at least 2 hours before the sessions.

Before each treatment intervention, the participant was
placed supine on a treatment table for 5 minutes to stabi-
lize blood pressure.32–34 After 5 minutes, the blood flow

parameters of peak systolic velocity (PSV) and end-diastolic
velocity (EDV) were measured in the middle cerebral artery
(MCA), internal carotid artery (ICA), and vertebral artery (VA)
using ultrasonography. PSV was used to evaluate systolic
flow and EDV was used to evaluate diastolic flow. Each par-
ticipant’s heart rate (HR) and blood pressure (BP) were also
measured to evaluate the systemic effect of OAD. These pri-
mary outcome variables were measured at four timepoints:
before treatment (baseline), immediately after treatment,
5 minutes after treatment, and 10 minutes after treatment.

We measured blood flow parameters in both the
intracranial (MCA) and extracranial (ICA and VA) arteries
supplying the brain. The MCA is the terminal branch of the
ICA, is the largest of the cerebral arteries, and supplies the
lateral aspect of the cerebral cortex (motor and somato-
sensory to all but the lower extremity), the temporal pole,
internal capsule, and basal ganglia.35 The ICA and the
external carotid artery are terminal branches of the com-
mon carotid arteries.While the external carotid artery stays
superficial andmostly supplies the superficial aspect of the
head and neck, the ICA enters the cranium through the
carotid canal of the temporal bone to supply the anterior
and middle cerebral circulation, including the fore-
brain.35,36 The VA is an arterial vessel that arises from the
subclavian artery. It travels within the transverse foramina
of the cervical vertebrae and enters the cranium through
the foramen magnum. At that point, the VA pierces the
dura and arachnoid mater, where it becomes intracranial
and eventually combines to form the basilar artery.
Including its branches, the basilar artery supplies the cer-
ebellum and posterior cerebral circulation, such as the
occipital lobe.35,36

For the OAD treatment, the operator (B.R.) sat at the
head of the treatment table placed the pads of his index
fingers on the areas slightly superolateral to the posterior
tubercle of the Atlas of the participant and reinforced his
index fingers with his middle fingers. Next, the operator
moved his reinforced index fingers superoanteriorly to
provide tension until firm contact with the occiput of the
participant was established. The operator then applied
lateral traction by supinating his wrist and forearm and
moving his elbows medially (bringing his reinforced index
fingers laterally) while simultaneously providing gentle
traction on the occiput of the participant. This entire
combination provided posterolateral distraction of the
area. In practice, the technique is completed when the
operator feels a release of tissue tension.1–3 The time for
this release can vary between patients depending on the
degree and severity of their dysfunction and the inherent
viscoelastic properties of individual tissues. To standardize
the technique while maintaining clinical relevance, we
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sought a consensus between clinical osteopathic research
and clinical practice, which suggested that successful
treatment occurred from around 30 seconds to up to 3 mi-
nutes.6,16 Thus, to appropriately monitor all variables
during treatment in the current study, 2 minutes was
determined as the standard time to hold the treatment
position for all participants. After 2 minutes of OAD6,16 the
operator slowly guided the participant back to a neutral
head position. At that time, the primary outcome variables
were measured and recorded by other operators (A.M.,
R.C., T.K.). The participant remained in the supine position
for 10 minutes after treatment, and all measurements were
repeated at 5 and 10 minutes after treatment.

For the sham touch treatment, the protocol was similar
to the OAD treatment, and primary outcome variables were
measured at the same timepoints. However, during the
sham treatment, the operator’s index and middle finger-
pads lightly touched the participant’s occiput, around the
suboccipital sulcus, for 2 minutes. There was no lateral
traction, anterior tension, or firm contact. This protocol
prevented the operator from applying any posterolateral
distraction force to the area.

Cerebral blood flow in the MCA was evaluated unilat-
erally with transcranial Doppler ultrasonography using a
Mindray-5 ultrasound machine (Shenzhen Mindray Bio-
Medical Electronics, Co.) with a 2 MHz phased array
transducer. With the participants in the supine position, a
standard scanning technique was used through the tem-
poral window, located above the zygomatic ridge between
the lateral canthus of the eye and the auricular pinna. The
ICA and VA blood flow was assessed unilaterally using a
10–12 MHz linear probe using color and pulsed-wave
Doppler. The ICA was insonated in its proximal part, near
the bifurcation. The VA was evaluated at the C3–C5 level.
The participant’s HR and BPwere recorded simultaneously
with the vascular blood flow measurements. HR was
measured using the pulsed-wave Doppler waveform of the
ICA and an automatic BP cuff. BP was measured using an
automatic BP cuff. A physician certified by the American

Registry for Diagnostic Medical Sonography with 19 years
of ultrasonography and teaching experience performed all
ultrasonography (T.K.).

Linear mixed-effects models were used to assess the
degree to which changes over time depended on treatment
for PSV, EDV, HR, and BP. Baseline measurements were
included as additional response variables with accompa-
nying fixed treatment effects to allow for distinct estimates.
We controlled for period effects unique to baseline and
post-treatment timepoints. The model included an un-
structured covariance matrix for measurements from the
same student and period and an additional unstructured
covariance matrix between baseline and post-treatment
measurements on the same student across both periods.
This allowed responses at each timepoint to not be con-
strained by the same variance and allowed for correlation
among measurements from the same person. We summa-
rized the model results using the estimated mean at each
timepoint for each treatment with corresponding standard
errors (SE) or 95% confidence intervals (CI) and estimated
mean change from baseline at each post-treatment time-
point. SAS version 9.4 statistical software (SAS Institute,
Inc.) was used to conduct the analyses. A value of p<0.05
was considered statistically significant.

Results

Thirty healthy participants (19 women, 11 men; mean age,
24 years) took part in the study. Mean bodymass indexwas
23.4 and 67% (20 of 30) had a bodymass index less than 25.
Half (15 of 30) of the students received OAD first and then
sham touch. The remaining students received sham touch
first and then OAD.

The EDV showed an interaction between time and
treatment in the MCA, ICA, and VA (all p<0.001). EDV
increased over time after OAD in the MCA, ICA, and VA (all
p<0.001); no changes occurred after sham touch (all
p>0.05; Figures 1, 2, and Table 1). EDV at all post-treatment

Figure 1: Pulsed-wave Doppler ultrasonography images of intracranial and extracranial vessels before and after occipitoatlantal
decompression (OAD): (A)middle cerebral artery (MCA) beforeOAD, (B)MCA after OAD, (C) internal carotid artery (ICA) beforeOAD, (D) ICA after
OAD, (E) vertebral artery (VA) before OAD, (F) VA after OAD.
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Figure 2: End-diastolic velocity (EDV) in intracranial and extracranial vessels at different study timepoints before and after occipitoatlantal
decompression (OAD) or sham touch treatment: (A)middle cerebral artery (MCA), (B) internal carotid artery (ICA), (C) vertebral artery (VA). Error
bars represent 95% confidence intervals.
Before = baseline measurements before the study intervention, Immediate = measurements taken immediately after the study intervention,
5 minutes = measurements taken 5 minutes after the study intervention, and 10 minutes = measurements taken 10 minutes after the study
intervention.

Table : Interaction of time and treatment of arteries and blood flow after management with occipitoatlantal decompression and sham
treatment.

Artery Blood
flow

Timepoint OAD Sham Mean: OAD
vs. sham

Change from
baseline: OAD vs. sham

Mean (SE) Change
from

baseline

p-Value Mean (SE) Change
from

baseline

p-Value p-Value p-Value

MCA PSV Before . (.) . (.) .
Immediately after . (.) . . . (.) −. . . .
 minutes after . (.) . . . (.) −. . . <.
 minutes after . (.) . <. . (.) −. . . <.

EDV Before . (.) . (.) .
Immediately after . (.) . <. . (.) −. . . <.
 minutes after . (.) . <. . (.) −. . <. <.
 minutes after . (.) . <. . (.) −. . <. <.

ICA PSV Before . (.) . (.) .
Immediately after . (.) −. . . (.) −. . . .
 minutes after . (.) −. . . (.) −. . . .
 minutes after . (.) −. . . (.) −. . . .

EDV Before . (.) . (.) .
Immediately after . (.) . <. . (.) −. . <. <.
 minutes after . (.) . <. . (.) −. . <. <.
 minutes after . (.) . <. . (.) −. . <. <.

VA PSV Before . (.) . (.) .
Immediately after . (.) . . . (.) −. . . .
 minutes after . (.) . . . (.) −. . . .
 minutes after . (.) . . . (.) −. . . .

EDV Before . (.) . (.) .
Immediately after . (.) . <. . (.) −. . <. <.
 minutes after . (.) . <. . (.) −. . <. <.
 minutes after . (.) . <. . (.) −. . <. <.

EDV, end-diastolic velocity; ICA, internal carotid artery; MCA, middle cerebral artery; OAD, occipitoatlantal decompression; PSV, peak systolic
velocity; SE, standard error; VA, vertebral artery.
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timepoints and for changes from baseline to each post-
treatment timepoint after OAD were greater in the MCA,
ICA, and VA than after sham touch (all p<0.001).

PSV in the MCA showed an interaction between time
and treatment where differences between treatments
existed only at baseline (p<0.001; Table 1). The baseline
PSV in the MCA was lower for OAD (mean [SE], 58.8 [2.5])
than sham touch (66.7 [2.5]; p=0.01); however, PSV
increased immediately after OAD (63.9 [2.1]; difference,
5.1), reaching similar levels as those after sham touch at
all post-treatment timepoints (all p>0.59; Table 1). For PSV
in the ICA and VA, there were no interactions between
time and treatment (both p>0.35). PSV in the ICA decreased
from baseline (69.4 [2.8]) to immediately after sham touch
(64.3 [2.5]; difference −5.1; p=0.005), but this decrease
was not different from the nominal decrease observed
immediately after OAD (71.3 [2.8] to 69.3 [2.5]; differ-
ence −2.0; p=0.18). Overall, there were no changes over
time for PSV in the VA (p=0.54).

Changes over time did not depend on treatment for BP
or HR (all p>0.06), and there were no changes over time (all
p>0.30).

Discussion

The current study evaluated the effects of OAD on intra-
cranial and extracranial blood flow dynamics. Blood flow
parameters (PSV and EDV) were assessed with Doppler
ultrasonography, while the systemic effect of OAD was
assessed using HR and BP. The brain is supplied by
branches of the circle of Willis, and the circle itself is
formed by the left and right ICA and VA. As such, blood
supply to the brain depends entirely on these four ar-
teries.37 Further, the left and right MCA are two of the main
cerebral arteries that perfuse the brain.38 Thus, significant
changes in blood flow parameters in the MCA, ICA, and VA
would result in changes in perfusion of the brain.

Our results showed that diastolic flow (based on the
EDV) increased in the MCA, ICA, and VA immediately after
OAD and for at least 10 minutes after when compared with
our sham touch treatment intervention. This effect has
been caused by decreased resistance to flow, allowing
greater flow during diastole. Since flow resistance (R) is
inversely proportional to vessel radius (r) raised to the
fourth power (R=8Ln/πr4; where L = vessel length and
n = blood viscosity), even a slight increase in vessel
diameter from decreased external tissue pressure could
lead to significant changes in resistance and accompa-
nying blood flow.39 The increase in flow through the ICA
and VA continued through the circle of Willis and into the

cerebral circulation, leading to the increased diastolic flow
of the MCA during the 10 minutes after OAD and, thus,
improving perfusion of the brain. The exact mechanism of
these changes is unknown but could be explained by either
parasympathetic stimulation through the secretion of
vasodilating neurotransmitters such as calcitonin gene-
related peptide or nitric oxide40 or by a decrease in external
tissue pressure on ICA and VA with the resulting flow
causing further dilation in the MCA.

Other studies have reported changes in vascular
resistance in the carotids with the activation of the trige-
minoparasympathetic reflex.41 The skin over the occiput
and upper neck is innervated by the sensory branches of
C2. It is not part of the trigeminal complex, but studies42,43

have shown possible functional connectivity between the
trigeminal and occipital nerves indicating that trigeminal
nerve can receive sensory information from the greater
occipital nerve and branches of the upper cervical roots.
This means that the trigeminoparasympathetic reflex can
be activated through the greater occipital nerve and sen-
sory branches of the C2. The use of sham touch treatment
intervention in the current study allowed us to control for
the possible effect of autonomic activation due to simple
skin touch, but OAD would have involved the stimulation
of the deeper nerves possibly leading to the increased
parasympathetic tone. Other studies showed autonomic
activation (both sympathetic and parasympathetic) after
cervical adjustment.44 Therefore, it is possible that OAD
triggered an autonomic response that led to a decrease in
vascular resistance in the ICA and MCA, but did not cause
changes in HR, BP, or systolic flow.

These results may prove useful for better treating pa-
tients with headache disorders, whether for the pain
symptom itself or other physiological manifestations. A
systematic review45 of patients with migraines found
decreased flow velocity in the MCA in the early phases of
spontaneous migraine attacks. A brief review46 showed
that flow was dynamic during different phases of mi-
graines, primarily during migraine with aura. During the
aura phase, there were decreases in cerebral blood flow
in the posterior cerebral circulation and moved anteriorly.
Migraine without aura and the interictal periods for
migraineurs with or without aura do not have as many
notable cerebral flow changes. For the interictal periods,
the flow appears similar to healthy patients.46 A 2017
study47 investigating different clinical courses of migraine
found decreases in basilar artery flow and increases in
posterior cerebral artery flow when patients with chronic
migraine changed to episodic migraine (<15 attacks/
month) but no blood flow changes when chronic migraine
persisted (≥15 attacks/month). The same study found that
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patients with episodic migraine in remission had
decreased MCA and basilar artery flow.47 Taken together,
these studies45–47 suggest that there are distinctive
changes in cerebral blood flow for different types of mi-
graines, in different arteries, and at different timepoints.
Thus, given the results of our study, treatment with OAD
may be most beneficial for patients when more blood flow
is needed in the cerebral vasculature during certain
migraine attacks or at specific timepoints during the pro-
gression of those attacks.

Limitations of the current study include a small sample
size and the use of young, healthy participants. However,
we specifically included first-year osteopathic medical
students as our study population because they had not yet
been exposed to cervical and cranial osteopathic manip-
ulative techniques. As such, they were less likely to know
whether the OAD technique or the sham touch treatment
was performed. Our use of healthy participants may limit
the generalizability of our results. Therefore, future studies
could expand this research by using a similarmethodology
as the current study while recruiting patients with various
known headache disorders (e.g., migraine, tension-type,
cluster). The addition of a subjective pain assessment in
such studies may also be beneficial. Finally, given that
research has shown a variety of hemodynamic patterns in
different types of migraines, studies that record the type of
migraine experienced by each patient may be useful to
understand the physiological effects of OAD treatment
further when applied tomigraine-type headache disorders.

Conclusion

This randomized, single-blinded, crossover study evalu-
ated blood flow in the intracranial and extracranial
vasculature before and after OAD using Doppler ultraso-
nography. Our results suggested an increase in diastolic
flow in the MCA, ICA, and VA after OAD when compared
with a sham touch treatment intervention. It seems likely
that OAD decreased vascular resistance increasing blood
flow through the circle of Willis, which resulted in better
brain perfusion as evidenced by the increased MCA flow.
The exact mechanism of this increase is unknown, but can
be explained by either parasympathetic stimulation
through the secretion of vasodilating neurotransmitters or
by decrease in external tissue pressure on ICA and VAwith
the resulting flow causing further dilation in the MCA. As
research on headache disorders evolves, the current study
may help physicians better understand how to use OAD to
target specific phases or symptoms during the clinical
course of migraines or other headache disorders to

establish hemodynamic balance and improve outcomes. In
more general terms, our results may also establish physi-
ological evidence for the theory that OMT can improve
circulation.
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