The Pacemaker Theory of the CranioSacral Rhythm

Abstract

The Pacemaker Theory explains the CranioSacral Rhythm (CSR) as a natural, gentle rhythm in the body created by
special nerve cells in the brain. There are numerous specialized nerve cells that act as pacemakers, for example,
to maintain such activity as steady breathing and heart beating. These nerve cells act like a built-in
timer/pacemaker, creating steady rhythms that help control essential physiological functions. The rhythm that can
be measured at about 6 cycles per minute, which we call the CSR, spreads through the body via the vascular
system and helps support balance and vitality. CranioSacral Therapy (CST) works with this rhythm to support the
body’s natural ability to maintain health.

Pacemaker Theory

Recently, Dr. Thomas Rosenkilde Rasmussen, Upledger Institute International’s Director of Research, formulated
the Pacemaker Theory as the most probable biological explanation to date for how the CS Rhythm is produced
and regulated. This theory integrates recent research on human physiology and rhythms and brings a renewed
understanding of how CST touches the foundation of human health.

e The Pacemaker Theory is a scientific explanation of the physiological rhythmic activity that we call the
CranioSacral Rhythm, which is the focus of CranioSacral Therapy.

e The Pacemaker Theory is supported by extensive research across several scientific fields over decades
contributing to our understanding of how Central Nervous System (CNS) rhythmic activity controls vital
physiological functions.

e |tisreferred to as a theory because, in scientific terms, it represents a proposed explanation based on
observation, research, and clinical experience that aims to clarify the mechanism underlying the CSR.

e The CNS generates these rhythmic activities through oscillating neurons that act as pacemakers,
maintaining stable rhythms essential for functions such as breathing and heart rate.

e These neuron-generated rhythms, called “neurogenic” rhythms, are autonomously produced through a
feedback loop of gene transcription and protein translation.

e A central pacemaker located in the brainstem area near the 4th ventricle produces a rhythm of about six
cycles per minute (cpm), and according to the Pacemaker Theory, we call this neurogenic rhythm the
CranioSacral Rhythm (CSR).

e The Autonomic Nervous System (ANS) plays a key role in facilitating communication between this central
pacemaker and peripheral oscillators via neurogenic vasomotion, which is the rhythmic contraction and
relaxation of blood vessels at a rate 5-7 cpm.

e The vascular oscillation of rhythmic contraction and relaxation occurs in all tissues with blood flow and can
be measured and palpated on any part of the body, explaining why the CSR can be felt in various locations.
Vasomotion is the mechanism behind these oscillations, while vascular oscillation is the actual rhythmic
change in vessel diameter, blood flow and pressure that results from it.

e The pacemaker is postulated to communicate with the brain’s physiological systems via the Central
Autonomic Network (CAN) of the brain. This coordination helps maintain homeostasis and ensures
optimal functioning of the body's physiological systems.
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The Brainstem Reticular Formation & CSR. The area believed to generate the CSR in the brainstem near the 4t
ventricular area and connected to the reticular formation (shown in green). The reticular formation near the 4t
ventricular area is performing many important autonomic functions including regulation of respiratory and
circulatory regulation and in relation to the CSR the central regulation of neurogenic vasomotion is located here
(red box).

Central Nervous System, Autonomic Nervous System and Central Autonomic
Network

In essence, the Central Nervous System (CNS) processes information and directs responses, the Autonomic
Nervous System (ANS) carries out these responses through its involuntary control of systems, and the Central
Autonomic Network (CAN) links these processes, maintaining homeostasis and adaptive functioning by balancing
sympathetic and parasympathetic activity.

The Central Nervous System (CNS) consisting of the brain and spinal cord, acts as the body's command center by
processing sensory information, directing cognitive functions, and generating motor commands.

The Autonomic Nervous System (ANS) operates under the CNS’s direction and controls involuntary functions like
heart rate, digestion, and respiration, via its sympathetic (fight-or-flight) and parasympathetic (rest-and-digest)
branches. These two systems are interconnected, with structures like the hypothalamus and brainstem serving as
key regulators that maintain balance (homeostasis) by sending and receiving signals to adjust bodily functions.

The Central Autonomic Network (CAN) is the brain's network that integrates autonomic control with emotional
and cognitive processes. Key regions like the hypothalamus, brainstem, anterior cingulate cortex, and insular cortex
work together to regulate heart rate, respiration, and digestion, while adapting these functions to emotional and
environmental changes. The CAN facilitates communication between the CNS and ANS, ensuring that autonomic
responses are appropriately coordinated with sensory input, cognition, and behavior.



Shortest explanation of the Pacemaker Theory

The neurogenic vasomotion rhythm with a rate of about 6 cycles per minute that is expressed throughout tissues
and fluids is proposed to be the CranioSacral Rhythm (CSR).

Cerebrospinal Fluid

Current science indicates that CSF and its motions are now understood to be central components in human health.
New discoveries are continuously being published emphasizing the importance of CSF flow.

The fine balance between the secretion, composition, volume, and turnover of CSF is strictly regulated by
numerous mechanisms.

CSF circulation and production in relation to human health:

= High sympathetic tone reduces production of CSF and disrupts overall circulation of essential fluids,
including CSF, blood, lymph, and interstitial fluids.

= The volume and rate of respiration (breathing) influence CSF circulation.
= Heart rate pulsations move CSF, especially in brain-related tissue.
= Neurogenic vasomotion moves all fluids of the brain.
= |n general, movement of the body increases CSF flow.
= Deep sleep plays a major role in healthy circulation of CSF.
All the above observations on CSF production and circulation have one thing in common:
All are altered by stress.
The World Health Organization identifies stress as the leading cause of human illness.

In the Pacemaker Theory of the CSR, the CSR originates in the brainstem and is involved in autonomic nervous
system balance, thereby influencing our physiology on multiple levels.

CranioSacral Therapy can be of help to reduce stress and enhance circulation of CSF.

Why the Pressurestat Model is Now a Historical Model

As the scientific understanding of biorhythms, cerebrospinal fluid, and sutures evolves, so does our understanding
of how CST works and why its results can be so profound. The human being functions as a gestalt, a unified
system that is greater than just the sum of its parts. As such, CranioSacral Therapy works with the whole; it
includes all aspects of the being.

(The physiology described below is in simplistic terms and is not the totality of what is happening in the body.)



Dr. John Upledger proposed the Pressurestat Model in the 1970s, suggesting that CSF flow was regulated
neurologically through stretch and pressure receptors, with intermittent CSF production and constant drainage
causing widening and narrowing of the cranium. While this model provided a foundation for understanding CSF
dynamics, ongoing research has not confirmed it, nor Dr. Sutherland’s mechanisms, as the biological explanation
for the CranioSacral Rhythm (CSR). Dr. Upledger acknowledged this evolving nature of the field, stating in the
Preface of CranioSacral Therapy I: “As in any new field of study, the craniosacral concept is changing rapidly. This
book contains the most recent information available. Also included is a considerable amount of observation and
theory that has not yet withstood rigorous scientific testing.”

Today, we understand that CSF flow is driven by coupled oscillatory rhythms—including respiratory breathing,
arterial pulsations, and the rhythm that we call the CSR (6 cycles per minute). These rhythms create synchronized
forces that circulate CSF, making it a response to body rhythms rather than the initiator of movement. Embracing
these insights allows CranioSacral Therapists to remain true to Dr. Upledger’s vision while integrating the latest
scientific understanding to enhance therapeutic practice.

The Pressurestat Model suggested that CSF volume and pressure changes could account for the CranioSacral
Rhythm and body movement. However, current research shows that:

e Cerebrospinal fluid (CSF) itself is not the primary force that propels or directs the body’s overall motion.

e Rather than driving movement, CSF flow adapts and responds to the body’s inherent oscillatory patterns
and rhythmic changes.

e Contemporary scientific understanding shows that CSF circulation is influenced by a complex system of
coupled oscillatory rhythms—such as vascular pulsations, respiratory fluctuations, and other physiological
drivers—whose combined action produces the net flow of CSF.

e In essence, it is the coordinated rhythms of the body that generate and sustain CSF movement.

CSF motion results from a complex interplay of coupled oscillatory rhythms. These rhythms are synchronized and
have a net effect on CSF circulation. Key drivers of this process include:

e Respiratory Breathing Rhythms
e Arterial Pulsations
e What we call the CranioSacral Rhythm (CSR), typically around 6 cycles per minute

The combined action of breathing, arterial pulsation, and CSR creates synchronized movements that facilitate the
circulation of CSF. This dynamic relationship reflects the body’s interconnected systems, emphasizing that CSF
motion is a response to these rhythms, not the initiator. By aligning CST with these principles, we continue to
honor Dr. Upledger’s legacy while embracing the advancements that deepen our practice and understanding.
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