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Introduction

In an earlier report(l), a case of a child who had cranially been
treated by Dr. J.E. Upledger, F.A.A.0, Assoc. Professor at the Bio-

" mechanics Départment, College of Osteopathic Medicine, Michigan State
University, Michigan, USA, and a Visiting'Professér at ‘the Departhent

of Biomedical Engineering, Technion - Israel Institute of Technology,
during his recent summer visitrto‘this c0uhtr§, was described, Here

the rgsults of a‘cranial examination performed by Dr. Upledger on pafients
at the intensive care units of fhe Ldewenstein Reﬁahjlitation Hospital,
Ra'anana, are reported.

Thé purpose of thé examination was to egtabiish,whether or not
these patients, some of them in coma for months and years, still possess
a cranial rhythm énd if the rhythm is substantially retarded in-both
: amplitude.and frequency in comparison with the normal values. The
cranial rhythm was evaluated by Pr. Upledger by the light paipation
of the cranium or the extremities and the fréquency counted in cycles
per minutes {cpm). Later,-however, in some of the cases, a strain-
plethysmographic measurement(z] was carried out which checked very
nicely with the values called for those patients. -

In the following, the results of the examination along with a
brief description of the variéus cases are presented. It is, however,
preceded by a short account of thernéture of the cranial rhythm and
the role it pI;ys as the principal cué wh;ch_directs the physician'in

and during the cranial treatment.
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The Cranial Rhythm

. The cranial content - nerves, arteries and veiﬁs, soft tissue,
membranes etc. - is in a_fluid state within the enclosing membrane
of the dura mater. The inner structure is compartmental(3’4) and
shell like, divided into several layers. - Beneath the ‘dura mater is
the subdural space bounded below by the arachnoid membrane which
-:uns almost parailel to the dura. Further down is-the'suyaréhnoidal
space between the membranes of the arachnoid and the pia mater;_the
latter covering the cerebral cortex. In the subarachnoidal space
flows. the eerebrospinal fluid (CSF} and the subpial space contains
the interstitial fluid - that extracéllular flui& outside and between
the nerve cells. The fluid structure is, therefore, primarily bi-
phasic with the more viscous-and guasi stationary interstitial fluid
as the inner core which-is circulated_from the outside ﬁy the lighter,
almost jnviscid CSF.

The hydraulic content is subjected to the pulsatory motions of

the arterial system, thé venous system and also to the pulmonary system
which transmits its effect to the dura mater through the vertebral con-
nections along the cerviﬁal section of the spinal column., The lateral
displacements which all these systems induce upon the fluid region
sets the latter into motion, the naturé of which depends on its material

properties and on the mechanical behavior of the containerts'ﬁ).

(7,8) considergd the container -

The classical Monro -Kellie'theory
namely the skull bones - rigid,and the inner fluid - imcompressible.
The immidiate implication of these assumptions was that in the event
of any induced qisplaqements the only way for the fluid to give way
was by a rigid displacement to another.compartment of the body so that

the total volume remained intact. This seemed unlikely, however, the

Monto -Kellie doctrine prevailed, at least as a first approximation,
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for quite a while.

'The incompreésibility assumption was_later relaxed; the fluid was
assumed éompressible and measurements were made to find the gross bulk
modulus of the entire fluidtg) and the moduli of each of its phases,
namély that of the CSF and of the interétitiél fluid, separately(lo).
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 pathological cases such as in cases of
hydroéephalus(ll’lz’lsl.

Even with the compressibility assumption, the values of the
bulk moduli indicate that the changes in volume cannot all be "absorbed"
by the compressibility of the fluid, and a deformation of the outer shell
of skull bones has also to be taken into account although that deformation
may be small in magn1tude Thus the boundary condltlons of the shell
should no longer be assumed as‘zero lateral'displacéments. Instead,
some displacements should occur and calqulatibns predict that they are
in the order of a few microns. This is in agreement with diail gauge
measurements which, with the tips of the gauges tightly compfessed .
agalnst the parietal bones,yieid values of 10- 25 microns side dlsplacement
of these bones(14) -

There remains still a considerable gap between values.;f the free
motion of the cranium that Physicians feel during a cranial examination_
for mobility and those of the const;ained motion measured by'a hechanic;l
dial gauge; The ratio of the iwb sets of values is about a hundred to
one and this is explainaﬁle by virtue of tﬁé spécial morpholog} of the
cranial bones. ' : |

The geometrical arrangement of the large bones of the cranium clas-

sify 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 |
thefr_small incremental 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 spriﬁg. Here, each.infinite-
simal element of the coil undergoés torsicn which contributes a displace-
‘ment componené to the axial elongation of the spring. Each elongation

is infinitesimaliby itself. Howevér, an infinite number of.thém are
summed up along the same direction yielding, altogether, a finite value
for the total elongation of the spring. |

The skull bones are joined by soft—tis;ue sutures and the architecture
of the complex is such that a small angular motion of each of .the bones,
which are subjected to internal pressure changes, yields a side'displaéement
". component the integral of which is noticeable and measurebale, This is. -
what the physician feels as a motion 6f7the cranium and its rhythmicity -
the cranial rhythm.i .

Sutherlan&{is} regarﬂed-the cranialrfhythm as a pivot of Cranial -
Osteopathy. He called thé cranial articular structure "a primary
respiratory system" which functions "in conjgnction with the brain, the
ventricles,'and the intracranial membranes' and considered the physio-
logical rhythms of the respiratory'gnd 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
throﬁghout life. Any abnormal'impairment or restricting force'upon
this system by any of its related structures.could cause symptomg which
were often considered idiopathic or the result of neurotic maladyt.

The primary objective of the physician was to trace the impaifment

and try to release it thus allowing the natural physiology to be re-

_stored to its natural state of equilibrium.



Thé normal range of frequency of the cranial rhythm is 10-14 cycles
per minute (cpm). This rate is slower than fhe regpiratory rate in the
relaxed state by almost a third. The normal amplitude, identified with
the lateral displacement of the parietal bone, may reach 1-1 1/2 mm.
Changes of frequency, mosfl& a reduction up to 40%, have been co:related

(16) and when the therapy restored the rhythm

with psychiatric syndromes
to its normal level the syndromes subsided and vanished(16). Mechanical
measurements of the cranial rhythm have also been carried out and found

(17,14) * of the

to be in good agreement with the physicians findings
various techniques, strain plethysmography by means of high-extension,
electrical resistance strain-gauges provéd more sensitive and effective
and this is described elseghere(z).

The.Loeweﬁstein Héspital in Ra‘anana, which is the cduntry's principal
center for rehabilitation, accommodates in jfs intensive.care,units‘the._
most severe cases of brain damages, some of which are in coma for several
years. A cranial examination of the patienfs there offers a wide coverage
of cases from which compérative data can be accumulated. For that purpose,
Dr. Upledger, during his recent visit, performed a cranial examination
on eight patients who represented a cross sectim of the patient -
 popu1ation in that hospital. The results of the examination are brought

below. They are accompanied by a brief account of the patient's &iagnoses )

and a description of their present state.

Results of Cranial Rhythm Examinatioa

I. Patient H.Sh,, Male, age 22. Admitted - 30.11.75. Still in hospital.

Diagnosis: venomous sting of scorpion on i4.10L1975. Patient in a

" *
rhrani,r voaatatisin réatan
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III.

Iv.

VI.

VII.

Patient M.Y., male, age 18. Admitted - 13.11.1977. Still in hospital.

Dizgnosis: as a result of road accident - severe brain step lesion.
Later course: respiratory arrest; removal of left epidural hematoma

and hygroma; tracheostomy. Patient in chronic vegetative state.

Patient H.S., male, age 17. Admitted - 28.1.1979. Diagnosis: spastic

tetraparesis, failure of odontoideum, respiratory failure. Bowels and
bladder incontinence, contracture of lower limbs, connected to a Bennett

respiration machine. Still in hospital.

Patient A.E., male, age 11, Admitted - 26.6.1979. Diagnosis: epilepsy,

coma, transient tetraparesis, s/p suspect viral encephalitis. Had periads

of ups and downs. Released August '79.

Patient R.J.,-male age 27. Admitted - 10.6.1979. A UNIFIL soldier. As

a result of a gun shot wound: diffuse peritonitis; laparotomy, partial
reseétion of liver, nephrectomy. Fracture of right femur, left olecranon
and humerus. After a cardiopulmonary resuscitation - patient in anoxic
coma, tetraplegia, ch;onic vegetative state. Released - 5,10.1979 to be

flown home to the Fiji Island.

Patient G.S., male, age 35. Admitted - 18.7.1979. Diagnosis: weakness in

the upper and lower extremities; polineuropathia, walking difficulties,

Y"gloves and boots" sensory disturbances. Still in hospital. Improvement

_noticed.

Patient S.H., male, age 17. Admitted - 20.10.1975. Injured in a road.

accident. Fraction in D8, D10 and in the skull basis.  Diagnosis:

sensor& disturbances from D8 downward, bowels and bladder incontinence.

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'on a whéel chair.




VIII. Pgtient M.0., female, age 22. Admitted - 12.10.1975. Fell from a
balcony and fractured D8. Diagnosis: complete paraplegia wifh Sensory
disturbances from D-6,7 downwards,.howels and bladder incontinence.
Independent on a wheel chair. Hospitalized for pregnancy reteﬁtion
.(miscarriage prevention). Released - 27.6.1976.

IX. Patient I.M., female, age 24. Admitted - 1976, following an anasthesia
for an oral surgery. Diagnpsis - post cardiac arrest: brain damage due
to anoxia, coma, tracheostomy, contracture of limbs. Patient I.M.

passed away on 7.12.1979.

The above patients, except fpr paticent I.M. (IX), were craniﬁ]ly'
examined by Dr. Upledger, in August, 1979, some oé them in their beds
and some while sitting in their wheel chairst The examination consisted
of the coun% of tﬁe cranial thythm in cpm and the estimate of the percentage
ratio of the pulsatory amplifudes of the craniél rhythm to the normal values.
These ratios were measured - when possible - at three placésﬁ ‘the head, the
upper extremities and lower extremities. The following -Table shows the

results obtained:
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Measu?ements wefe later éefformed an patient.G.S. (VI).and patient
I.M. (Ii)._ The technique - a strain pieéhysmOgraphy.— by means of high-
extension, electrical resistance strain gauges is described_elsewheretz).
The strain éauges were appiied.at,the'upper andllowgr extremities and
picked up the pulses, of course, superimposed on the much siower dila-
tations of the craniai rﬁythm. With respect to the latter, the frequency
could immediately be determined. As to the amplitude ratio, it couid be
aésessed from the .ratio of tﬁé average pulse amplitude to that of the
thythm and compafed with the normal values. Assuming the pulse amplitude
to be practically constant wifh respect to the same patient, over a short
period, the amount of the amplitude-ratio of the cranial rhythm in reference
to the normal pattern could also be assessed at least to a first approximation.

Figufe la shows a section of the strain record measured continuously
over the thumb of patient G.S5. (VI).

A time indicator marked each second by a small spike of the ncedle
‘and every ten seconds by a large spike. When the gain sensitivity was
doubled (Fig. 1b}, so-did the.amplitude of the cranial rhythm. The
frequency count for that patient was 5-6 cyéles per minﬁte and the
amplitude ratio estimated, in comparison with a norml pattern as

40-50%. '

When the gauge was applied over the right foot gnkle the frequgncy
pattern.changed cénsiderably to_22-25 cycles per minute. The p#lse
amplitude was much weaker and a fair assessment of the amplitude ratio
could not be made. When the gauge was moved to the-right foot thumb,'
the‘pulse record was even weaker but the frequency remained in the 20-.

25 cpm range. If these recordiﬁgs are all compared with the corresponding
- resulfs in the Table,-the'confqrmity is indeed striking. - .
Figure 2 shows a section of.the strain t?acing pertaining to the

right hand thumb of natiant T M (TY)
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Fig. 1 Strain-time plethysmography record over patient G.S. 's thumb,

‘with, (a) standard g&in sensitivity, (b} double gain sensitivity.
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Fig. 2 Strain-time plethysmography record over the right hand of
patient I.M. ' )

Again, the frequency of the cranial wave was around ‘5 cpm and the
amplitude ratio assessed as 30-40%. The strain record also picked up
bursts of sliow spastic dilatations of the upper extremity. The paticnt
at that time, after 3&-years'iﬁ a yegetét;ve state, was in a dcspérate

state. She passed away a few days later.

Observations

No conclusive'results méy as yet be deduced from the cranial examination
of some of the patignts at the Loewenstein Hospital suffering from long-~ |
standing spinal and brain damages. Nor are the measurements sufficient to
corroborate to the theories unéerlying craniai mobility and rhythm. How-
ever, some observafions can be made which are in support with the fqndamental

idea of cranial osteopathv and indicate how to nroceed in that ronrces
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A common feature of all the findings is a slow-down of the cranial rhythm
to about one half of the normal level - in freéﬁency and amplitude - when

measured at the head. This level of éctivity is lower than the one measured

in cases of psychiatric disorders(16)

where therhythm was still in the range
of 60-70% of thé'normal values. .

The éranial rthythm is measureable all over the body and retéins-a constant
value throughout. This conforms with a picture of a "primary resbiratory
systen" which sustains itseif to the very end of physiological life;
Exclusions of the constancy of the cranial rhyyhm were defected in some
paraplegic casés. These were also the only cases where, at the lower

extremities, values which exceeded the normal level of rhythmicity by

almost a 100%, were measured. It should also be pointed out that these

‘patients were later released from the hospital with a fair ability to

function.and to move around.

Although cranial rh?thmicify has a neurogenic ;omponent to its effect
primarily as an amplification circuit, at.both ends of input and output
it is a mechanibal phenomenbn. As such it is also amenable to sensitive
and non-invasive mechanical measurements. They, undoubtedly, will throw

more light on the subject when more data is accumulated.
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