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Abstract

Introduction: Craniosacral therapy (CST) has been shown to be effective in treating several neurological conditions
affecting the central nervous system. There are no reports in the conventional medical literature the CST interventions
on vascular response and hemodynamic parameters in humans. Material and Methods: We conducted an experimental
study in 8 healthy subjects (4 men and 4 women; mean age, 22.5 + 1.70 years) were enrolled. The intervention consisted
of a single 50 min session of the 10 step protocol of CST intervention as previously described by Upledger. Were measured
before and after in carotid artery (arterial compliance, systolic and diastolic arterial diameter, pressure-strain elasticity
modulus, systolic/diastolic ratio, resistance index, and pulsatility index) by an ultrasound with an echo-tracking system
and the hemodynamic parameters (blood pressure and heart rate). Results: After intervention with TCS, we found lower
values of blood pressure (systolic and mean), P<0.01. Also found statistically significant changes in plethysmographic
parameters: systolic diameter and pressure-strain elasticity modulus after intervention, P<0.01. No differences in flow
velocity, systolic/diastolic ratio, arterial compliance, resistance index, pulsatility and vascular function. Conclusion:
Applying of craniosacral therapy modifies the physiology of the vascular system and hemodynamic parameters in
healthy subjects.
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Introduction

Craniosacral Therapy (CST) is a very popular non-
pharmacological method used for the treatment and
prevention of migraines, although at present there is
limited evidence for safety and efficacy.1 CST identifies
restrictions in the craniosacral system, including the
skeletal system, the membranes and the cerebrospinal
fluid (CSF) surrounding the brain and spinal cord. This
manipulation by gentle patting, normalizes the rate and
fluid from the central nervous system (CNS), through the
release of restrictions in peri-spinal tissue like fascias and
the connective tissue in general.1 The manual palpation
and manipulation of this system, theoretically affect
sensory, motor, cognitive and emotional processes which
are controlled by the CNS.1,2 Often, CST has been used
as a complementary treatment for physical therapists,

osteopaths, chiropractors and alternative therapists in
order to reduce conventional drug use for pain in a variety
of pathological conditions3-5. Current scientific evidence
reports the use of CST in patients with migraine, either
alone or in combination with standard medical care5-8.

Several authors who have used CST suggest significant
benefits, including: decrease in the intensity of pain
associated with migraine, decrease in the use of drugs
and improvement in physical symptoms5,1,9. However,
these studies lack standardization in the diagnosis of
the headache or migraine and lack documentation of
criteria with scientific validity such as the co-morbidities
of the intervened population, the number of treatments
applied, psychosocial conditions, strategies for coping
with pain, previous trauma, clinical monitoring, changes
in quality of life, or these were not properly reported.
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Additionally, these studies did not include control groups
or randomization, which partially invalidate its clinical
efficacy.

CST also lacks studies evaluating the physiological
effects that may occur during its application. Also, the
biochemical, biomechanical and metabolic mechanisms
have not yet been elucidated1. Since its creation in
the early 80's, it has been postulated that some of the
physiological effects of CST are due to changes in the
cardiovascular system, influenced by the movement and
the increase in CSF cycles and changes in the acid/base
balance, which increase cell metabolism, decreasing the
impulses in the cranial rhythm and restricting respiratory
functions observed in the spinal cord1, 2. Other empirical
approaches suggest that due to pulsations of the spinal
and epidural arteries, and the cerebral vascular plexus, a
state of stasis appears in the cortico-spinal fluid and it is
present frequently in diseases and symptoms related to
the CNS 7. Stasis of the CSF acts on the cardiovascular
system triggering hemodynamic, respiratory, endocrine
and neurological effects8.

Thus, the objective of this study is to evaluate the acute
physiological effects of CST on the cardiovascular
system, which has been suggested to be one of the
main systems affected by this type of therapy. This could
partly explain the effectiveness reported empirically in the
treatment of headaches with a vascular origin.

Patients and Methods

Patients. An experimental study was designed with 8
healthy individuals (4 men and 4 women) from a higher
education level institution in the city of Cali-Colombia.
The selection was performed after inviting subjects to
participate and intention sampling. Subjects with the
following characteristics, identified through a survey
and/or medical exam were excluded: cigarrette smoking,
recent major surgeries or trauma, known endocrine
disease, multiorgan or systemic autoimmune disease,
significant respiratory or systemic disease, significant
cardiac dysfunction, systemic infectious disease or
a recent musculoskeletal disorder (<1 month). All
participants gave written informed consent and the
Ethics Committee of the Academic Center approved the
study, under the ethical considerations recognized by the
Helsinki Declaration and current Colombian legislation
(Resolution 8430 of 1993 of the Ministry of Health).

Clinical and anthropometric evaluation. The following
data was obtained from each participant: i) family
and personal history of cardiovascular risk, ii) basic
anthropometric values (weight and height) using
standardized techniques, and iii) blood pressure
measurement - always measured by the same person
and with the same instrument (Dinamap ® oscillometric
method). Measurements were performed on the right arm
with the participant lying comfortably, the cuff placed at
heart level, adjusting the size of the diameter of the arm
for each subject. Three measurements were averaged
per participant. With these results we calculated the
mean arterial pressure (MAP) by the equation: diastolic
pressure + [systolic pressure - diastolic pressure) / 3].

Arterial physiological measurements by plethysmography.
A SIEMENS SG-60® ultrasound scanner was employed
with an Echo-Tracking® application. Measurements were
carried out in a scale of grays from the right common
carotid artery to its bifurcation and the internal carotid
artery. A longitudinal assessment was performed and
the thickness of the intima and media were measured at
two levels: the carotid bulb and the internal carotid artery
10 mm from the bifurcation. Color Doppler was used to
better define the vascular lumen while the participant
on supine and with an ambient temperature of 22-25 -
C, according to the procedure previously described by
Bots et al1. and Hulthe et al2. The carotid artery was
chosen since it is an important body segment, close to
CST manipulation, and because it is a site associated
with headaches of vascular origin1. The participant
remained in supine decubitus at least 5 min before the
exploration (Figure 1). The 7 Mhz lineal transducer was
positioned so that the carotid artery could be observed
longitudinally maximizing the echoes from the interphase
between the media and adventitia. When this line of
division was captured sharply, the two available tracers
were placed on interphase points that were diametrically
opposed. Once placed, these tracers were displaced
simultaneously with the arterial wall, which allowed the
recording of the distance between both in function of time.
The ECG was monitored during the exploration so that
the system could detect the onset of the systolic (Vfs)
and diastolic (Vfd) flow velocities. With this technique
the following were obtained: a) graphic recording of the
pulse waveform; b) maximum or systolic arterial diameter
(Ds) corresponding to the highest point of each pulse,
at which moment the vessel is subjected to the highest
pressure (systolic blood pressure [SBP]); ¢) minimum
or diastolic arterial diameter (Dd), corresponding to the
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lowest point, at which moment the vessel is subjected
to the least pressure (diastolic blood pressure [DBP]).
All measurements were performed by the same operator
with > 3 years experience in the technique (Figure 1),
2 min before (baseline values) and immediately after
intervention with CST. With the collected data, the
program implemented a series of equations to calculate
the three parameters related to arterial elasticity:

* Arterial distensibility (Da) (mm2/kPa) = 1 (Ds2 -
Dd2)/ 4(SBP - DBP)

» Elastic Modulus (Ep) (kPa) = (SBP - DBP) Dd/
(Ds - Dd)

*  Arterial rigidity index (B index) = In (SBP - DBP)/
[(Ds - Dd)/Dd]

Additionally, the most common indices of the waves,
representing the vascular flow velocity qualitatively, were
calculated.

e Pulsatility index (IP) = (S-D)/C
«  Systole/diastole relationship (S/D) = S/D
* Resistance index (IR) = (S-D)/S

Where S is the peak of maximum velocity at the end of
systole, D is the peak of maximum velocity at the end
of diastole and C is the average of velocity during the
cardiac cycle.

Hemodynamic measurements. Monitoring of the
electrocardiogram, heart rate and blood pressure 2 min

Figure 1. Assessment of vascular function by Doppler. A) Preoperative Doppler Record. B) Doppler signal
record (note the passage of blood in the common carotid artery). C) Echo-tracking ® Application by high
resolution plethysmography.
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prior to the implementation of the protocol, during and
immediately after each intervention was performed.

Intervention. Participants after refraining from drinking
alcohol or performing any physical activity were placed
in a room with controlled temperature and humidity, with
no visual or acoustic stimuli. The cranio-sacral therapy
protocol was applied in this study following the 10-step
sequence from TC v-2 Upledger Institute: Subject supine.
Stations to listen (heels, back of the feet, thighs, EIAS,
ribs, shoulders, 3 escuchas by the cranial vault). 1.
Still point. 2. L5-S1 Decompression, Liberation of the
sacroiliac joints, dural tube traction, 3. Diaphragms: a.
pelvic, b. respiratory, c. estrada toracica, d. Hyoid e.
Cranial Base. 4. Rolling / sliding dural tube. 5. Frontal
Rise ("Lift") (Vertical membranous system). 6. Parietal
rise ("Lift") (Vertical membranous system). 7. Spheno-

80
i : )
70

basilar compression / decompression. 8. Temporal
Techniques (horizontal membranous system). 9. ATM
compression / decompression 10. "Still Point" (CV-4).
Stations to listen. An expert physiotherapist trained on
CST (> 3 years) applied this protocol.

Analysis plan. The statistical analysis was performed with
SPSS, version 19. The results are expressed as mean +
standard deviation. A factorial ANOVA was used to test
the changes before and after the intervention in each
variable, after CST. For all measurements, a statistical
significance value of p <0.05, was considered.

Results

The sample included 8 participants aged between 18 and
25 years. The average age was 22.5 + 1.7 years. Table
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1 summarizes the anthropometric and clinical data. All
results were within the normal age range.

After CST lower blood pressure values (systolic and
mean), p <0.01, were evidenced (Figure 2). Statistically
significant changes in the following plethysmographic
parameters were shown after CST: systolic diameter and
Ca, p <0.01 (Figure 3). No differences in flow velocity, the
systole/diastole relationship, elastic modulus, resistance,
pulsatility and vascular stiffness indices (Figure 3) were
found.

Discussion

Upledger and other pioneers who followed his observations
and investigations popularized cranio-sacral therapy in
the 80s 1, 2. Although movement of CSF is unlikely, it
has been postulated that application of pressure on the
cranio-sacral system results in its transmission through
the system 5. In practice, CST stimulates some sensory
nerves and the autonomic nervous system and thus
induces blood circulation recovery. 7, 9

Table 1. Clinical characteristics (n = 8)

(Media * DE)
Age, (years) 225+1,7
Weight, (kg) 60,3 + 8,2
Height, (cm) 168,9 + 6,1
Body mass index, (kg/m2) 222+19
Systolic Blood Pressure, (mm Hg) 123,0 £ 14,0
Diastolic Blood Pressure, (mm Hg) 69,5+ 8,4
Average blood pressure, (mm Hg) 82,2+ 10,8
Heart rate, (bpm) 70,9+70,9

Figure 2. Craniosacral therapy effects on the hemodynamic response in healthy subjects.
Data presented as mean + SD.
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Figure 3. Craniosacral therapy effects on the acute vascular response and vascular parameters in healthy

subjects.

Data presented as mean * SD.
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The main findings of this study were the following. First,
a session of 50 min of CST with the 10-step protocol
(TCS-v2) can change arterial compliance, arterial
diameter and systolic blood pressure. To our knowledge,
there are no reports in the literature about the effect
of CST on the vascular response and hemodynamic
parameters in humans. Several studies have reported
that arteries of medium and large caliber, mainly in the
cardiothoracic region of healthy middle-aged adults,
appear to be less rigid than in adults with alterations of
the musculoskeletal, vascular, lymphatic and endocrine
systems.1,2 It has been suggested that the mechanisms
underlying the increase in systolic arterial diameter
induced by CST are based on activation of thin nerve
fibers that release vasoactive neuropeptides and nitric
oxide (NO), resulting in vasodilation and increased
blood flow.1 The resulting decrease in vascular tone
(vasodilation) and blood pressure may directly and
indirectly contribute to the regulation of brain activity and
induce hemodynamic changes. These changes have
been confirmed in this study, as well as a significant
decrease in vascular rigidit . However, further studies are
needed to elucidate the origin of these findings.

Post TGS Pre TCS Post TGS

Secondly, the direct assessment of the dynamic
compliance of the carotid artery revealed that CST
could modify it approximately 29%. We can only
speculate on the mechanism by which CST improves
arterial compliance. This physiological variable is mainly
determined by the elastic and intrinsic properties of the
artery.1 The arterial wall elements which determine
arterial compliance are elastin and collagen (the structural
determinant) and the vasoconstrictor tone exerted by
smooth muscle cells (the functional determinant).1
Since biochemical changes in the composition of elastin
and collagen in the arterial wall are produced in the
long term, it is unlikely that the short-term change of
CST modify arterial distensibility by this mechanism.
Nevertheless, it is possible that increased pulse pressure
and mechanical distension during CST "the collagen
stretch", change the crosslinking of collagen1. This would
increase arterial compliance, a mechanism known as
mechanotransductioni. This vascular variable may also
be modified short-term, acutely, through modulation of
the adrenergic sympathetic tone of the smooth muscle
cells in the vessel walls. It is possible that CST increases
arterial compliance by reducing chronic inhibitory
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influence exerted by the adrenergic sympathetic tone,
either directly or by increasing the sympathetic inhibitory
effect of NO1. Future studies will be needed to determine
the physiological mechanisms by which CST generates
changes on arterial distensibility.

Another finding was a significant decrease in blood
pressure, approximately 7%. The mechanism by
which CST can achieve this effect is not clear yet,
but it has been suggested that CST can modify the
neurotransmitter center in the central nervous system10,
19. In our study, we hypothesized CST induces vascular
and hemodynamic effects. The arteries (large and
medium) have two types of innervation: i) sensitive
afferent fibers and ii) autonomic sympathetic ones. Both
type of fibers penetrate into the adventitia and media
and the vascular smooth muscle of arteries. The axon
reflex induced by CST induces vasodilation in arterioles,
possibly by releasing NO in the axon terminal1 or perhaps
by blocking the sympathetic system by stimulation of the
central nervous system2. However, this effect was not
determined.

Overall, our results have a number of potentially
important clinical implications, since a reduction in arterial
compliance is believed to contribute significantly to the
pathophysiology of cardiovascular disease related to age
(for example: migraine of vascular origin)1. However,
the reduced elasticity of arteries is the mechanism
which predominates in reducing cardiovagal baroreflex
sensitivity1. This contributes to the onset of ventricular
tachyarrhythmias, ischemic cerebral disease and
sudden cardiaovascular death with advancing age1.
It's possible that a greater compliance in the carotid
artery (and perhaps the ascending aorta) is associated
with increased barorreflex sensitivity 14. Moreover, a
reduction in arterial compliance related to age can affect
cardiac function by increasing vascular impedance and
this is related to cerebrovascular disease14. This in turn
decreases left ventricular performance1 and increases
blood pressure, significant risk factors for cardiovascular
and renal disease 19-22.

Thus, our findings indicate that the vascular system is
modified by the application of CST, and the temporality
or intensity between the physiological processes that
determine the vascular morphology and physiology are
altered due to the endothelial reactivity of vessels, their
tone and the peripheral vascular resistance. However,
our results should be interpreted with caution due to the
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limitations of the study. First, few subjects were included
with a limited range of age. Secondly, the feeding patterns
were not taken into account and they can modulate
vascular and metabolic responses. Third, the inability
to control the plethysmographic parameters during the
CST application was not evaluated. Therefore, any
changes that might have occurred during the intervention
were not recorded. We emphasize though that if our
hypothesis was the ability of CST to generate changes
in vascular morphology physiology and hemodynamics,
this limitation does not seem relevant.

Conclusion

This study is one of the first experimental research studies
using plethysmographic techniques designed to examine
changes in the local vascular morphology and physiology
in large vessels. Our observations may provide a
starting point for further clinical studies focusing in the
field of rehabilitation and treatment of musculoskeletal
and vascular disorders with the application of CST. In
fact, some benefits in movement restricting conditions
associated with the presence of vascular migraines
have been shown with the use of CST1,2. Future
studies should explore these and other physiological
and metabolic changes with more participants in order
to validate the observations described here.
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