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INTRODUCTION

In an earlier report', a case of a child who
had been treated with cranial therapy by Dr.,
J.E. Upledger, F.A.A.O. (Assoc. Professor
at the Biomechanics Department, College
of Osteopathic Medicine, Michigan State
University, Michigan, USA, and a Visiting
Professor at the Department of Biomedical
Engineering, Technion—Israel Institute of
Technology), during his recent summer
visit to this country, was described. Here
the results of a cranial examination per-
formed by Dr. Upledger on patients in the
intensive care units of the Loewenstein
Neurological Institute, Ra'anana, are
reported.

The purpose of the examination was to
establish whether or not these patients,
some of them comatose for extended pes-
iods of time, still possess a cranial thythm
and if the rhythm is substantially retarded in
both amplitude and frequency in compar-
ison with normal values. The cranial thythm
was evaluated by Dr. Upledger by means of
palpation of the cranium or the extremities
and the frequency counted in cycles per
minutes (cpm.). Later, however, in some of
the cases, a strain plethysmographic measure-
ment” was carried out which correlated very
closely with the values obtained by palpa-
tion for those patients.

In the following, the results of the exam-

*Reprinted with permission of the anthors.

ination along with a brief description of the
various cases are presented. It is, however,
preceded by a shortaccount of the nature of
the cranial rhythin and the role it plays as
the principal cue which directs the physi-
cian in and during cranial treatment.

THE CRANIAL RHYTHM

The cranial contents—nerves, arteries
and veins, soft tissue, membranes, etc.—is
in a fluid state within the enclosing mem-
brane of the dura mater. The inner structure
is compartmental®* and shell like, divided
into several layers. Beneath the dura mater
is the subdural space bounded below by the
arachnoid membrane which runs almost
parallel to the dura. Further down is the
subarachnoidal space between the mem-
branes of the arachnoid and the pia mater,
the latter covering the cerebral cortex. In
the subarachnoidal space flows the cerebro-
spinal fluid (CSF) and the subpial space con-
tains the interstitial fluid—that extracellular
fluid outside and between the nerve cells.
The fluid structure is, therefore, primarily
biphasic with the more viscous and quasi-
stationary interstitial fluid as the inner core
which is bordered externally by the llghter,
almost non-viscous CSF.

The hydraulic contents are subjected to
the pulsatory motions of the arterial system,
the venous system and the pulmonary sys-
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tem which transmits its effect to the dura
mater through the vertebral connections
along the cervical section of the spinal
column. The lateral displacements which
all these systems induce upon the fluid
region sets the latter into motion, the
nature of which depends upon the fluid
properties and on the mechanical behavior
of the container.*

The classical Monro-Kellie theory” *con-
sidered the container—namely the skull
bones—rigid, and the inner fluid incom-
pressible, The immediate implication of
these assumptions was that any induced
motion resulted in displacement to another
compartment of the body so that the total
volume remained intact. While this seemed
unlikely, the Monro-Kellie doctrine pre-
vailed, at least as a first approximation of
the physiology involved, for quite a while.

The incompressibility assumption was
later relaxed; the fluid was assumed com-
pressible and measurements were made to
find the gross bulk modulus of the entire
fluid® and the moduli of each of its phases,
namely that of the CSF and of the intersti-
tial fluid, separately.’® The bulk modulus,
defined as the ratio of the increment of
pressure to the relative change in volume
(dilatation) of a closed deformable region,
was also measured in problems such as
hydrocephalus.''- %13

Even with the compressibility assump-
tion, the values of the bulk moduli indicate
that the changes in volume cannot all be
“absorbed” by the compressibility of the
fluid. Deformation of the outer shell of
skull bones has also to be taken into account
although that deformation may be small in
magnitude. Thus the boundary conditions
of the shell should no longer be assumed as
zero lateral displacement. Instead, some
displacement should occur and calculations
predict that it is on the order of a few
microns. This is in agreement with dial
gauge measurements which, with the tips of
the gauges tightly compressed against the
parietal bones, yield values of 10-25 microns
side displacement of these bones."

There remains still a considerable gap
between values of the free motion of the
cranium that physicians feel duringa cranial
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examination for mobility and those of the
constrained motion measured by a mechanical
dial gauge. The ratio of the two sets of
values is about a hundred to one and this is
explained by the special morphology of the
cranial bones.

The geometrical arrangement of the large
bones of the cranium classify it as an “open
structure.” Such structures, composed of a
finite number of elements or of an infinite
number of infinitesimal elements joined
together, are characterized by having all
elements contributing their small incre-
mental motions along a common direction
thus resulting, altogether, in a finite value
of the integrated motion. The simplest
example of an open structure is the coiled
spring. Here, each infinitesimal element of
the coil undergoes torsion which contrib-
utes a displacement component to the axial
elongation of the spring. Each elongation is
infinitesimal by itself. However, an infinite
number of them are summed up along the
same direction yiclding, altogether, a finite
value for the total elongation of the spring.

The skull bones are joined by soft-tissue
sutures and the architecture of the complex
is such that a small angular motion of each
of the bones, which are subjected to inter-
nal pressure changes, yields a side displace-
ment component the integral of which is
noticeable and measurable. This is what the
physician feels as a motion of the cranium
and its rthythmicity—the cranial rhythm.

Sutherland'’ regarded the cranial rhythm
as a pivot of Cranial Osteopathy. He called
the cranial articular structure “a primary
respiratory system” which functions “in
conjunction with the brain, the ventricles,
and the intracranial membranes” and con-
sidered the physiological rhythms of the
respiratory and cardiovascular systems as
only “secondary” to the cranial rhythm. It
was further postulated that in a normal
living human all skull suture articulations
remained mobile throughout life. Any ab-
normal impairment or restricting force
upon this system by any of its related
structures could cause symptoms which
were otherwise often considered idiopathic
or the result of neurotic malady. The prim-
ary objective of the physician was to trace
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the impairment and try to release it thus
allowing the natural physiology to be re-
stored to its natural state of equilibrium.

The normal range of frequency of the
cranial rhythm is 6-12 cycles per minute
(cpm). This rate is slower than the respira-
tory rate in the relaxed state by almost a
third. The normal amplitude, identified
with the Jateral displacement of the parieta)
bone, @y reach 1-1% mm. Changes o
frequency, mostly a reductionip to 40%,
have been correlated with psychiatric syn-
dromes'® and when the therapy restored
the rhythm to its normal level the syndromes
subsided and vanished.'® Mechanical mea-
surements of the cranial rhythm have also
been carried out and found to be in good
agreement with the physician’s findings.'™
"Of the various techniques, strain plethys-
mography by means of high-extension, elec-
trical resistance strain-gauges proved more
sensitive and effective and this is described
elsewhere?

The Loewenstein Hospital in Ra'anana,
which is the country’s principle center for
rehabilitation, accommodates in its inten-
sive care units severe cases of brain damage,
some of which are in coma for several years.
A cranial examination of the patients there
offers a wide variety of cases from which
comparative data can be accumulated. For
that purpose, Dr. Upledger, during his
recent visit, performed a cranial examina-
tion on eight patients who represented a
cross section of the patient population in
that hospital. The results of the examina-
tion are shown below. They are accom-
panied by a brief account of the patients’
diagnoses and a description of their present
state.

RESULTS OF CRANIAL RHYTHM
EXAMINATION

I Patient H. Sh., male, age 22. Admitted—
30.11.1975. Still in hospital. Diagnosis:
venomous sting of scorpion on 14.10.1975.
Patient in a chronic vegetative state.

1. Patient M. Y., male, age 18. Admitted—
13.11.1977. Still in hospital. Diagnosis: asa
result of road accident—severe brain stem
lesion. Later course: respiratory arrest; re-
moval of left epidural hematoma and hy-
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groma; tracheostomy. Patient in chronic
vegetative state.

III. Patient H.S., male, age 17. Admitted—
28.1.1979. Diagnosis: spastic tetraparesis,
respiratory failure. Bowel and bladder in-
continence, contracture of lower limbs.
Connected to a Bepnett respiration machine.
Still in hospital.

IV. Patient A.E., male, age 11, Admitted—
26.6.1979. Diagnosis: epilepsy, coma, tran-
sient tetraparesis, status post probable viral
encephalitis. Had periods of upsand downs.
Released August '79.

V. Patient RJ., male, age 27. A UNIFIL
soldier. Admitted—10.6.1979. As a result
of a gun shot wound: diffuse peritonitis;
laparotomy, partial resection of liver,
nephrectomy. Fracture of right femur, left
olecranon and humerus. After a cardio-
pulmonary resuscitation—patient in anox-
ic coma, quadraplegia, chronic vegetative
state, Released 5.10.1979 to be flown home
to the Fiji Islands.

VI. Patient G.S., male, age 35. Admitted—
18.7.1979. Diagnosis: weakness in the upper
and lower extremities; polyneuropathy,
walking difficulties, “stocking glove,” sens-
ory disturbances. Still in hospital. Improve-
ment noticed.

VIL. PatientS.H., male, age 17. Admitted—
20.10.1975. Injured in a road accident.
Fraction in T8, T10 and in the base of the
skull. Diagnosis: sensory disturbances from
T8 downward, bowel and bladder incontin-
ence. Blindness of the right eye. Released
24.6.1977. Returned for two-week periods
of hospitalization in May '78 and August
'79. Services himself and independent in
wheel chair.

VIII. Patient M.0., female, age 22. Ad-
mitted—12.10.1975. Fell from a balcony
and fractured T8. Diagnosis: complete para-
plegia with sensory disturbances from T6, 7
downwards, bowel and bladder incontinence.
Independent on a wheel chair. Hospitalized
for pregnancy retention (miscarriage pre-
vention). Released 27.6.1976.

IX. Patient I M., female, age 24. Admit-
ted—1976, following an anasthesia for an
oral surgery. Diagnosis: status post cardiac
arrest with brain damage due to anoxia,
coma, tracheostomy, contracture of limbs.
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Patient 1.M. passed away on 7.12.1979.
The above patients, except for patient
LM. (IX), were cranially examined by Dr.
Upledger in August, 1979, some of them in
their beds and some while sitting in their
wheel chairs. The examination consisted of
the count of the cranial rhythm in cpm and
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the estimate of the percentage ratio of the
pulsatory amplitudes of the cranial rhythm
to the normal values. These ratios were
measured—when possible—at three places:
the head, the upper extremities and lower
extremities. The following table shows the
results obtained:

Table — Count and amplitude ratio of cranial rhythm of patients with brain damages.

Cranul Rhythm (cpm) Amplitude Ratio (%)
Upper | Lower Upper | Lower
Patient] Sex Age Diagnosis Head |extrem- fextrem: | Head fextrem- | extrem-
ities ities ities s
EJHSh | M 22 |Venomous sting of scorpion. Chronic vegetative state. 3 - - 30 —
1L} MY, M IR ISevere brain stem lesion. Chronic vegetanive state, 4 - o - -
1L} H.S. M 17 | Spastic tetraparesis. 2.3 15 NR(*) 40 10 NR
V.l AE M 11 [ Epilepsy. Transient p 23 G 6 o 30 0
V.l RJ M 17 Anoxic coma. Chronic vegeiative state. 4 NH NH 0 NR NR
VL] G5, M 3% | Polyneuroapathy {Guillain-Barre). [ o 23 0 n [
VILY S0 M 17 JParaplegia. ) b} 14 U] 0 it
VIL] M.O. F 22 | Paraplgia. 7 - 16 (K) 1060 — GI(Rt)
4.% () 1ol
1X.] LM F 24 | Anoxic coma. Chronic vegetative state. - - . —

{*)INR — No Rhythm detected.

Measurements were later performed on
patient G.S. (VI) and patient L M. (IX). The
technique—a strain plethysmography—by
means of high-extension, electrical resis-
tance strain gauges is described elsewhere.?
The strain gauges were applied at the upper
and lower extremities and picked up the
pulses, of course, superimposed on the
much slower waves of the cranial rhythm.
With respect to the latter, the frequency
could immediately be determined. Asto the
amplitude ratio, it could be assessed from
the ratio of the average pulse amplitude to
that of the rhythm and compared with the
normal values. Assuming the pulse ampli-
tude to be practically constant with respect
to the same patient, over a short period, the
amplitude ratio of the cranial rhythm in
reference to the normal pattern could also
be assessed at least to a general approx-
imation.

Figure 1a shows a section of the strain
record measured continuously over the

thumb of patient G.S. (VI).

A time indicator marked each second by
a small spike of the needle and every ten
seconds by a large spike. When the gain
sensitivity was doubled (Fig. 1b), so did the
amplitude of the cranial thythm. The fre-
quency count for that patient was 5-6 cycles
per minute and the amplitude ratio esti-
mated, in comparison with a normal pattern,
as 40%-50%.

When the gauge was applied over the
right ankle the frequency pattern changed
considerably to 22-25 cycles per minute.
The pulse amplitude was much weaker and
a fair assessment of the amplitude ratio
could not be made. When the gauge was
moved to the right great toe, the pulse
record was even weaker but the frequency
remained in the 20-25 cpm range. If these
recordings are all compared with the cor-
responding results in the table, the confor-
mity is indeed striking.

Figure 2 shows a section of the strain
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Fig. 1 Strain-time plethysmography record over patient G.S.’s thumb, with (a} standard gain sensitivity,
(b) double gain sensitivity.
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Fig. 2 Strain-time plethysmography record over the right hand of patient I M.

tracing pertaining to the right hand thumb
of patient LM. (IX).

Again, the frequency of the cranial wave
was around 3 cpm and the amplitude ratio
assessed as 30-40%. The strain record also
picked up bursts of slow spastic dilatations
of the upper extremity. The patient at that
time, after 3!4 years in a vegetative state,
was in a desperate state. She passed away a
few days later.

OBSERVATIONS

No conclusive results may as yet be de-
duced from the cranial examination of
some of the patients at the Loewenstein
Hospital suffering from long-standing spin-
al and brain damage. Nor are the measure-
ments sufficient to corroborate to the the-
ories underlying cranial mobility and rhythm.
However, some observations can be made
which support the fundamental theories of
cranial osteopathy and indicate how to
proceed in further investigations.

1. A common feature of all the findings in
these patients is a slow-down of the
cranial rhythm to about one half of the
normal level—in frequency and ampli-
tude—when measured at the head. This
level of activity is lower than the one
measured in cases of psychiatric dis-

orders'® where the rhythm was stillin the
range of 60-70% of the normal values.

2. The cranial thythm is measurable all

over the body and retains a constant
value throughout. This conforms with a
picture of a “primary respiratory system”
which sustains itself to the very end of
physiological life.

3. Exceptions to the constancy of the cran-

ial rhythm were detected in some para-
plegic cases. These were also the only
cases where, at the lower extremities,
values which exceeded the normal level of
rhythmicity by almost 100% were meas-
ured. It should be pointed out that these
patients were later released from the
hospital with a fair ability to function
and to move around.

4. Although cranial rthythmicity has a neur-

ological component to its effects prim-
arily as an amplification circuit, at both
ends of input and output it is a mechan-
ical phenomenon. As such it is also
amenable to sensitive and non-invasive
mechanical measurements. They, un-
doubtedly, will throw more light on the
subject when more data is accumulated.
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