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Chiropractors and other health professionals use spinal adjustments or spinal manipulation to
assist patients with a variety of health complaints. There is now high-quality clinical research that
supports manipulation as one option in the management of musculoskeletal disorders such as low

back pain, neck pain and cervicogenic headache.1-5

Among chiropractors, clinical decision-making, including the decision to manipulate the spine, is
based on certain fundamental theories. These theories include the hypothesis that displacement of
a vertebra, particularly an upper cervical vertebra, may result in unusual stress being placed upon

the spinal cord, leading to interference with normal spinal cord function,6-7 and that this results in
the development of signs and symptoms. The hypothesized stressors include direct pressure of
bone on nervous tissue, the interactions between the spinal cord and tissues that anchor the spinal

cord within the vertebral canal, and alterations in cerebrospinal fluid dynamics.8-9

The latter theory proposes that subluxation may impair the normal circulation of cerebrospinal

fluid,10 thereby interfering with function of the spinal cord. Some practitioners also claim that there
is an intrinsic oscillation in cerebrospinal fluid pressure, and that this oscillation is palpable
through the human cranium and altered in disease states.

If any of the components of this hypothesis were to prove correct, practitioners might have at hand
(forgive me) useful tools for the diagnosis and treatment of conditions affecting the central nervous
system. It is therefore worthwhile to examine some of the suppositions underlying theories related
to CSF pressure and spinal subluxation.

In this paper, we want to consider three questions:

Does CSF pressure actually oscillate?1.
Is CSF pressure or pressure oscillation palpable?2.
Could vertebral displacement affect CSF pressure?3.

It is certainly clear that CSF pressure oscillates in a rhythmic fashion, and this is reflected in the
movements of the cranial sutures. Particularly during surgery, when patients or experimental
animals receive positive-pressure ventilation, the sutures can be seen to open and close in concert
with respiration. By way of example, in rats, Kusaka, et al., previously reported oscillations in CSF

pressure that they took to be synchronous with respiration.11 However, no numerical data were
reported and there was no attempt to search for oscillation frequencies. Cerebral CSF pressure
oscillations, apparently entrained to the cardiac and respiratory rhythms, have also been reported

in dogs12 and cats.13 In rats,11 cats13-14 and rabbits,15 it has been reported that CSF and intracranial
pressure normally average less than 10mmHg and oscillate over a range of approximately 2 mmHg,



apparently in concert with blood pressure and respiration. Hence, lower frequency oscillations of
less than a few mmHg would be difficult to detect reliably.

In humans, in addition to cardiac and respiratory entrainment, very low-frequency oscillations, the
B waves or Lundberg waves, have also been described. However, these waves have particularly
been sought, and therefore found, in patients with intracranial pathology, and have been

associated with low-frequency oscillations in the respiratory rate16-17 (for example, in Cheyne-Stokes
breathing). Nonetheless, these waves have also been described in artificially ventilated patients

and in well volunteers.18 Episodic slow waves similar to human B waves have also been reported in

the H-Tx strain of rat, which displays spontaneously developing hydrocephalus,19 and this
reinforces the association with pathology.

It seems most reasonable that paced respiration, as in the surgical patient, would entrain CSF
pressure oscillations to the respiratory rate, and therefore tend to obscure lower frequency
oscillations. Hence, experimental evidence of rhythmic variations in CSF pressure, other than those
accompanying the cardiac and respiratory cycles, would not normally be expected in otherwise
physiological preparations. Thus, in humans and other animals, although low-frequency oscillations
in blood pressure, sometimes called Mayer waves, have been attributed to, among other

mechanisms, an intrinsic rhythm in sympathetic output,20 which has a duration in the order of 10
seconds, similar oscillations have not been documented in CSF pressure. Only so-called B waves in
CSF pressure, with wavelengths of 0.5 to 2 minutes, have been described and attributed to

pathological oscillations in the respiratory rhythm.16

Kusaka, et al.,11 reported that, in rats, following intracranial subarachnoid hemorrhage, there were
acute increases in CSF pressure of up to approximately 100 mmHg, lasting for several seconds.
Thereafter, CSF pressure fell, but over a period of hours, underwent oscillations of up to
approximately 30 mmHg. Similar patterns have been reported in human patients following
intracranial injury or failure of CSF shunts. Large-amplitude, low-frequency oscillations have only
been reported as an occasional finding in well subjects. On the other hand, considering the risks
and benefits involved, one would not expect a large volume of such research in subjects without
frank disease, and there are no reports of CSF pressure monitoring in patients with vertebral (or
cranial) subluxation.

In conscious human subjects, lower frequency oscillations within the range of several seconds to
minutes would be more likely to express themselves when the subjects are breathing
spontaneously and without pacing. Hence, investigations in well subjects, rather than surgical
patients, might well reveal additional patterns to CSF fluid dynamics.

Thus, we can say with certainty that oscillations in CSF pressure are a normal finding and are
driven in part by cardiovascular and respiratory rhythms. These pressure waves are most often of
low amplitude. High-amplitude waves are most often reported in patients with intracranial
disorders, but are an occasional finding in well subjects. Coincident oscillations in the cranial
sutures are visible at surgery, but may not be representative of suture movement in normal,
spontaneously ventilating subjects.

To move to our second question, is it reasonable to think that oscillations in CSF pressure can be
palpated through the cranium? Based on numerous observations in experimental animals, and a
few studies in well humans, it appears that short-term oscillations in CSF pressure range over no
more than a few mmHg. Furthermore, it appears that oscillations of a few 10s of mmHg are seldom
described in the absence of very frank intracranial disease. By way of comparison, peripheral



arterial pulses also range over a few 10s of mmHg, and of course, respiratory oscillations are
substantially lower. Nonetheless, ventilatory movements are still palpable. Hence, one is probably
approaching the limits of manual sensitivity in attempting to palpate cranial suture movements.
This suggests that the proposition is neither "a given" nor outrageous; rather, it is an intriguing
hypothesis worth challenging rigorously.

Finally, let us ask whether it is reasonable to think that displacement or adjustment of a vertebra
could alter CSF pressure. Acute or chronic displacement of a vertebra will almost certainly produce
at least a transient change in the volume of the space enclosed by the cranial and spinal meninges.
In a completely closed system, this volume change would necessarily result in a pressure change
which could be detected by sufficiently sensitive technology. Furthermore, the pressure change

should be transmitted throughout the neuraxis. In this regard, Thalen, et al.,21 reported that a 1-
second-duration, 30 cm H20 pulse applied to the cranial dura mater of the guinea pig was
transmitted to the cochlear perilymph virtually instantaneously. Presumably, the pressure wave
would also have been transmitted to the most distal reaches of the subarachnoid space. We are
therefore inclined to assume that displacement of a vertebra, at whatever velocity, might result in
widespread changes in CSF pressure. The technology is available to directly challenge this
hypothesis in animals or humans.

Having said that, the movement of a single vertebra, within physiological limits, would be expected
to cause only a minor alteration in the volume, and thus the pressure, of the neuraxis. This is
because, compared to the total volume of the neuraxis, subluxation would produce such a small
volume change. Furthermore, in the living system, each of the tissues surrounding the brain and
spinal cord will have some capacity to deform, and therefore will buffer changes in pressure due to
changes in CSF volume. Similarly, a degree of buffering will occur by fluid exchange with the

general circulation.13 With these considerations in mind, we are not encouraged to think that
displacement of a single vertebra is likely to produce significant or sustained alteration in CSF
pressure via exclusively biomechanical mechanisms.

This is not to say that manipulation could not produce an instantaneous pulse wave which might
have physiological effects. This is certainly worth investigation. Furthermore, we have previously

observed in anesthetized animals (manuscript in preparation) and conscious humans22 that cervical
manipulation is associated with acute changes in blood pressure. In animal models, acute

hypertension and hypotension are association with changes in CSF pressure.12,14 Hence, cervical
manipulation could result in secondary changes in CSF pressure in the absence of a direct
mechanical effect of vertebral movement on CSF within the vertebral canal.

Hypotheses concerning subluxation, adjustment and cerebrospinal fluid dynamics do not enjoy
much vogue these days. Nonetheless, they are grounded in reasonably sound principles of anatomy
and physiology, and deserve to be challenged rigorously. Regardless of whether one is particularly
attracted to one hypothesis or another, we have to admit that there is still no robust theory to
explain the observed physiological effects of subluxation and adjustment. Theories related to CSF
fluid dynamics are worth investigating and could be pursued with currently available technology.
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