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Cranial osteopathic manipulative
diagnosis and treatment is associated with
palpatory sensations perceived by the
cranially oriented osteopathic physician
at various locations on the patient’s body.
The nature of these palpatory sensations
ranges from smooth, regular, and
rhythmic to quick, jerky and/or

irregular motion. A study of
mechano-electric measurements
performed on patients in an inactive state
of the body shows that distinct strain
gauge, electrocardiography,
electromyography, and
integrated-electromyography patterns
correspond with each one of the
palpatory sensations. This correlation far
exceeds random probability.

Motions that are detectable by palpation of individ-
ual cranial bones and/or of the entire cranial vault
are associated with similar palpable motions at other
locations on the body."* However, the cranium and
the sacrum were used in this experiment because the
motion is most apparent in these two areas. The
nature of the physician-perceived sensations is vari-
able. It ranges from a smooth, rhythmic motion
which ebbs and flows and occasionally ceases en-
tirely, to a quick, jerky or vibratory motion which
may be quite irregular. The motions can be repre-
sented mechanically by a single, narrow band-width
amplitude (Fig. la), by multiple amplitudes with
varying frequencies (Fig. 1b), or by a form of a step
function (Dirac’s function) (Fig. 1c). In the first two
instances, the baseline remains unchanged; in the
case of step function, a change is indicated in the
baseline for a limited time period (T,) which is at-
tained either instantaneously (Fig. 1c) or gradually
(Fig. 1d).
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The purpose of this research was to determine
whether there were correlations between selected
mechano-electric parameters (monitored at various
regions of the body) and the physician’s impressions
of the changes in craniosacral motion (mechanics)
during craniosacral diagnosis and treatment. The
results indicate that almost every perceived change
In craniosacral motion (mechanics) reported
“blind™* by the physician has its unique counterpart
in the mechano-electric changes in patterns
recorded from other locations on the patient’s body.

The character of the recorded mechano-electric
patterns was not dependent on voluntary muscle ac-
tivity of the patient, nor was it attributable te changes
in the contact sites on the patient’s body by the physi-
cian’s hands. :

Unless otherwise indicated, all recordings were
made with the patient in a relaxed state. However,
when voluntary muscle action did occur, it was indi-
cated on the tracings.

Materials and methods

The mechano-electric patterns in Figure 1 were
extracted from the recorded monitoring of the time
variations of mechanical strain and of electric poten-
tials of the skin at different loci on the patient’s body
during the cranial diagnosis and treatment. In the
preliminary experiments, six- and eight-channel
tracings were recorded. Later, however, as the
multi-channel record became correlated with the
perceived palpatory sensation, the recording was
reduced to four channels, which was easier for the
observer to handle and interpret.

The four channels included at lease.one strain

*The experimental facility was physically arranged so thart the
physician (Dr. Upledger) was unabie to visualize the recordings as
they were made. All notations were made in 2 timely fashion on
the graph by the scientific observer (Dr, Karni) as the physician’s
impressions were verbally communicated. The scientific observer
did not offer any verbal cues to the physician. Usually, the
mechano-electric pattern changes preceded the verbal communi-
cations by approximately a second. This sequence of events rules
outany obscure possibility that the patients could have responded
“bioelectrically” to verbal cues given by the physician as his im-
pressions were reported.

782/49




Mechano-electric patterns during craniosacral osteopathic diagnosi

s and ireatment

Voltage

Th Y
Y x m .
V3
r-TO-c »Tl-« PTZ—I }—-'T3-| |-———TC — — TC-——I Time
(c) (b) (c) (d)

Fig. 1. Modes of motion amplitudes: {a) single, () multiple, (c) stfpfunc.tion, and (d) gradual step function.

gauge, a unipolar ECG rhythm strip, and at least one
I.EMG measurement. The standard arrangement
was as follows: (1) a single strain gauge placed over

the palpable pulse immediately below the inferior, )

costal margin which monitored the patient’s respira-
tory activity and the arterial pulsations; (2) a unipo-
lar ECG rhythm strip; and (8) two EMG electrodes
placed bilaterally and symmetrically on the anterior
thighs. When our attention was focused upon respi-
ratory activity, the following arrangement was used:
(1) two strain gauges placed symmetrically and bilat-
erally just below the inferior costal margins; (2) a
unipolar ECG rhythm strip; and (3) a single anterior
thigh EMG. Sometimes both arrangements were
applied to the same patient during a single treat-
ment. The change from one arrangement to the
other required only 2 few seconds.

The strain measurements were taken using Peekel
electrical-resistance, high-extension rubber strain
gauges type 208.* These gauges possessa maximum
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extensibility of 20 percent and a maximum com-
pressibility of 15 percent. Gauge specifications are as
follows: overall dimensions, 46 x 17 mm. (1.80 X
0.69 inches); active length, 13 mm. (0.51 inches);
electrical resistance, 119.5 ohm * 0.2 percent; gauge
factor—static extension, —0.0136 = 2 percent;
gauge factor—static compression, + 0.0182 = 2 per-
cent. There is a negative gauge factor because of its
construction; the resistance wire undergoes a com-
pression when 2 positive strain {(extension) 1s
applied. _

“The adhesive recommended by the manufacturer
for the gauge was a Peekel quick-drying adhesive
type L35 which requires skin cleansing with Benzene
solution. After numerous tests, it was decided that
clear surgical tape was an effective adhesive for
proper skin fixation. “This method was used for rea-
sons of convenience.

The strain gauges were connected to a portable
Wheatstone bridge (constructed by N. St. Pierre of



the Biomechanics Department) Each bridge ac-
commodated two strain gauges and was operated
either by a battery power source contained in the
bridge or by drawing a 12-volt output power from
the polygraph. For the moére sensitive experiments,
- and to avoid polygraph noise, the battery source was
employed. :

The electromyography was recorded using
silver-silver chloride electrodes (of a unity gain),
preamplification units, and an “audio-oscilloscope™t
Hewlett Packard EMG Unit Mark 1510B. The EMG
output then was passed into an integrater (also con-
structed by Mr. N. St. Pierre) which converted the
AC signals into their DC time-integral values. The
integrater computed the area (definite integral) per
unit of time between the original EMG-voltage ordi-
nates and the time as an abscissa. The integrater also
functioned as a rectifier and cut out small ampli-
tudes below a specific threshold. Consequently, the
spread of the EMG pattern was more pronounced
because dominant signals were magnified and sec-
ondary redundant signals were eliminated. This is
illustrated in Figure 2, which compares an ordinary
one-lead ECG with its corresponding “integrated”
ECG (I-ECG) recorded simultaneously over the
same pointon the subject’s body by means of chrome
plated snap electrodes. It is apparent that primarily
the R-wave contributes to the time integral, and the
influences of the other waves are small. Thus, in the
inactive state of skeletal muscular activity, integrated
electromyography (I-EMG) eliminated noise and
- was preferable for this research.

The strain gauge, the ECG, and the I-EMG pick-
ups were all connected to a multi-channel Grass
Polygraph. The highest sensitivity gain calibration
was set on 0.01 mv./cm. The frequency gain settings
during the experiments were 3 for the strain gauge
measurements, 15 for the I-EMG, and 75 for the
ECG. -

“In.our experiments, the audio channels were completely shutoff
(not used at all),

. -~
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Fig. 2. Single lead ECG and I-ECG recorded simultaneously.

Results

Some typical four-channel recordings conducted
during cranio-sacral manipulative procedures are
shown in the following figures. Although each pa-
tient showed uniquely personalized patterns, there
were repetitive features in all the tracings which
allowed us to consider atleast four different patterns
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Figs. 3a and 3b. Mechano-electric pattern for a siill point (SP) as (2) spzke, and (&) absolute stop.

which all patients had in common. Using the
classification suggested in Application Note 700 of
Hewlett Packard, 1969, we labeled these patterns as
follows: (1) Rapid oscillations. In the strainography
(SG) over the left hypochondrium, these oscillations
had a relatively small amplitude of 0.02-0.1 percent
strainf and measured frequencies of 52-96 cycles
per minute (cpm). They were present throughout

$One percent strain means an extension of 1/100 of the original
length of the gauge.
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and, when correlated with the ECG, corresponded
in a timely fashion with aortic expansion. In rare
cases, the strain gauges also picked up what may
have been the echo jerks of cardiac valve closures.

In the I-EMG tracings, the rapid oscillations with
amplitudes of 0.1-0.2 mv. and measured frequencies
of 52-96 cpm resulted from the fading cardiac elec-
troactivity which was picked up on the thighs.

(2) Transient waveforms. These waveforms in the
SG which possessed an amplitude of up to 3 percent
strain and a frequency ranging from 6 to 30 cpm



were in one-to-one correspondence with the respira-
tory rate (RR) (thoracic expansion). The average RR
in the resting state ranged between 14 and 18 per
minute in the majority of cases. In our study, trained
athletes (karate experts) were able to voluntarily
lower the RR to 6 per minute orless for 15 minutes
or longer.

(3) Rapid waveforms, or spikes. Apart from the
R-waveform in the ECG, and rarely in the SG, spikes
were prédominantly seen in the I-EMG. Spike am-
plitudes varied from 0.4 to 2.0 mv. The frequencies
of spike occurrence seemed dependent upon the
patient’s neuromusculoskeletal pain syndrome. The
appearance (frequency and amplitude) of spikes de-
creased with favorable response to the treatment
and became a landmark of correlation between the
physician’s reported impressions and sensations and
the patient’s mechano-electric patterns.

(4) Baseline changes. These changes, primarily seen
in I-EMG baseline, were either gradual or abrupt.
Baseline changes often lasted for many seconds and
then relaxed, abruptly forming the shape of a step
function. They seemed to be correlated to changes
in the patient’s muscle tonus and/or reports of pain
by the patient.

Specific terms were given to the physician-
reported sensations during treatment. The follow-
ing glossary was used:

(1) Normal rhythm (NR). This is a smooth regular
pulsatile cranial activity in a rhythim of 8-12 cycles
per minute. This rhythmic activity is in accord with
the concept of a Cranial Rhythmic Impulse as put
forth by Sutherland.’® The sensation of the normal
rhythm as perceived by the physician is that of a
uniform deformation of cranial vault shape, as its
dimensions reciprocally and rhythmically change.
This rhythmic effect can be sensed by palpation
anywhere on the patient’s body. The cause of this
deformation is at present a subject for conjecture;
however, it seems related to the fact that the dural
compartment represents a semi-closed hydraulic
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system as it extends from the cranium through the
spinal canal to the sacrum. This normal rhythm was
not seen on our I-EMG recordings taken during the
experiments. There is, however, some strain-gauge
pickup of the NR if the gauge is placed sufficiently
close to the skull. (The investigators plan further
work using strain gauges which will attempt to dem-
onstrate the presence of a fluid wave motion.)

(2) Still point (SP).** A still point is sensed when the
normal rhythm stops temporarily. This cessation of
motion might occur gradually as the rhythmic mo-
tion amplitude decreases. Or, it can take place sud-
denly when the zero point of the pulsatory
waveform is attained, and the motion stops abruptly.
On the I-EMG record over a thigh, an SP concurs
with a short spike of 1.3 mv. (Fig. 3a) and with adrop
to the baseline level if an absolute stop occurs (Fig.
3b). o

(8) End of still point (ESF).*3 Following an SP, the
system, both skull and body, seems to expand later-
ally. This phenomenon usually begins with long,
slow expansion which then leads to a more even and
symmetric motion. The ESP correlates on the thigh
I-EMG record with the delayed appearance of a 0.4
mv. spike signal, the delay being of the order of 1
second (Fig. 4a). Furthermore, and in contrast to the
SP, an elevated I-EMG activity takes place following
the ESP (Fig. 4b). :

(4) Release (Re). This sensation is of a “plastic”
yielding of the volumetric container in the sense that
frictional resistance or obstruction to fluidity have
been overcome. This relaxation of resistance is ac-
companied by a sharp I-EMG spike which, in mag-
nitude, surpasses any of the previously described
spike patterns. The release signals can be symmetric
(Fig. 5a) or unilateral (Fig. 5b). They play a
paramount role in the osteopathic treatment as
landmarks for improved functional activities.

(5) Shifting. The impression of a tidal fluid motion
and change of direction of flow is sensed by the
phbysician. For example, the feeling or perception
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of still point (ESP) as {a) delayed spike, and (b) before an elevated 1-EMG activity.

Figs. 4a and 4b. Mechano-electric pattern for end
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Figs. ba and Bb. Mechano-electric paltern for release (Re): (@) symmetrical on both thighs,

(b} unilateral on one thigh.
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could be that of an uneven lateral expansion of the
skull secondary to a volumetric fluid shift. When the
direction of the fluid wave changes, a mechanical
change takes place in concert with it.

The pattern of the mechano-electric changes in
shifting is unique and unmistakable. The I-EMG
shows a clear and distinct change of the baseline in
the form of a step function. This usually takes place
during the peak of respiratory inhalation while the
pulmonary volume is maximal. This is clearly indi-
cated by the strain gauge records (Figs. 6a and 6b).
Our correlation between the sensation of shifting
and the step-function patterns was 100 percent.

(6) Pulsating. This is a rapid oscillatory motion of
low-amplitude and high-frequency (50-80 per min-
ute) which is most commonly perceived in alocalized
area of the cranium. Generally, it precedes an ESP, a
release, or a shifting. It is interpreted as an indica-
tion that some important mechanical change is about
to occur. Pulsating usually occurs during the resting
phase of the respiratory cycle (Fig. 7).

(7) Wobbling. This term was used to describe a
low-mode (20-40 cpm), fluctuatory type of motion
with amplitudes larger than those of “pulsating.”
Furthermore, the effect is not localized and can be
felt over the body. Wobbling usually precedes a
major release or shifting. The subjective impression
of the physician is that of a braking mechanism
which interferes with the fluid motion. The typical
electromechanical pattern associated with wobbling
is shown in Figure 8. This event takes place during
the respiratory hold phase following inhalation.

(8) Torsion. ** In torsion, the impression is that of a
rotational periodic motion about a longitudinal axis
through the patient’s body where all sections of the
body are not moving in synchrony. It is an asymmet-
tic, distortional (not volumetric) type of a motion
which is manifested as asymmetric I-EMG pickups
on the lower extremities. Torsion is observed in Fig-
ure 9 as a series of spikes with modest amplitudes
(0.7-1.0 mv.). It does not show in the respiratory

**Torsion as used in this research is not to be confused with
“torsion” as an abnormal refationship between the sphenoid and
occipital bones.??
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activity recordings.

A common denominator of the above physician-
reported sensations is that they are all passive or
inherent to the patient's body; they all occur when
the patientis in arelaxed and inactive state and when
no gross manipulative treatment is being applied.
They are most easily perceived or sensed when the
patient is very quiet.

Discussion

It tacitly has been assumed throughout this
presentation that the mechanical model underlying
the impressions reported by the physician involved a
fluid container composed of several physiologic
compartments, each of which possessed uniquely
different material properties. This container may
allow for very slight changes in its volume capacity.
In effect, and in accordance with the long accepted
Monroe-Kellie doctrine,® the relatively inelastic
dura mater faithfully encloses the brain and spinal
cord as a continuous and connected material re-
giom, || it may represent such a container.

If The dura mater has been described as a tough inelastic mem-
brane which forms the endosteum of the cranial vault. It attaches
firmly about the entire drcumference of the ocdpital foramen
magnuin. It then passes through the entire length of the spinal
canal; its most firm attachments within the canal are only to the
posterior aspects of the bodies of the second and third cervical
vertebrae and within the sacral canal at the level of the second
segment. It is separated from the spinal canal by the epidural
space which ends at the second sacral segment (5-2). Below the
level of 8-2, the dura closely invests the filum terminale, passes
through the sacral hiatus, and descends to the coccyx where it
blends with the periosteum of that bone. The dura mater is
connected to the dentate ligaments within the spinal canal, to the
posterior longitudinal ligament, and to its nerve root sleeves
which exit from the spinal canal with the spinal nerves, The
restrictions to dural motion afforded by the latter three described
attachments are much less than the restrictions imposed by those
attachments within the cranial vauls, at the foramen magnum at
C-2 and C-3, within the sacral canal, and at the coccyx, The size of
volume capacity of the dural container is much greater than is
required to accommodate only the neural structures and, there-
fore, is quite able to respond somewhat independenty to the
stresses and pressures to which itis subjected. When considered as
the material border of a fluid container with the previously de-
scribed firm attachments to bone, the influence of these bony
structures upon the mechanical forces within the container be-
Ccomes gquite apparenl.
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Figs. 6a and 6b. Mechano-electric pattern for shifting: (u) long duration, (b} short duration.

It is postulated that the contents of the dural con-
tainer (brain, -spinal cord, nerves, cerebrospinal
fluid, blood, and other fluids) are very nearly in-
compressible.® As a result, the combined volume of

the contents of the dural container must be very

nearly constant; and the volume of any one of its
compartments can only be increased at the expense
of the others. :

The craniosacral osteopathic doctrine considers
the major skull bones to be interconnected by visco-
elastic sutures,” acting as hinges about which a
kinematic change in configuration can take place.
Furthermore, because the dura mater is membra-
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nous, it is suscepiible to dynamic boundary changes
which correlate to the physician’s impression of the
rhythmic and pulsatory motions of the cranial
bones. The overall picture is, therefore, thatof aless
than rigid mechanical model with a fluid content,
the motion of which, although small, is still within
the range of sensory perception for trained
craniosacral osteopathic physicians.

The nature of the mechanical craniosacral effect
on the neuromusculoskeletal system is, unquestion-
ably, obscure. However, the fact that the craniosa-
cral system does have a measurable effect on other
pafts of the body has been demonstrated on an
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input-output basis by this experiment,

Conclusions

Subjective impressions of various changes in the
craniosacral mechanics which are reported by a
trained craniosacral osteopathic physician are doc-
umentable by instrumental means. This documenta-
tion consists of changes in the bioelectric activity
recorded by I-EMG from the lower extremities,
ECG, and strain-gauge recordings of respiratory ac-
tvity.

Specific patterns of the monitored mechano-
electric parameters correlate directly with subjective
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impressions of likewise specific changes in
craniosacral mechianics as reported by the physician.

The range of the recorded integrated elec-
tromyographic signals is below the level of signals
originating from any voluntary type of muscular
activity, yet is by far larger than instrumental noise
levels.
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