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A study of the rhythmic motions of the

living cranium

VIOLA M. TRYNANN, b, rAM
1a Jolh, Oaliforvia

The hypothesis of inberont motility
of the crsnium has been 50

by palpation of the living head.

pa

] another associnted with thoracke
respiration might be detectod is In
accord with known physiclogic
phenomena, The report of a thind
palpable rhythm, slower

than elther pulse or respiration,
required more stody. This

artiche reconds & series of experiments
condseted with izstrumentation
saitablo for studying minute
expansile-contractile motions of

the live eranlum, The recordings
show that there is n cranial motility
slower than and distinguishable
froen the motility of the vascular pulse
sond tharacle respiration, and that
soch motion ean be recorded

Burnnl AOAS ol Y, My oty

i

ol
H
i
i
FE7

HHlL
Hi
zggial
ggﬁéi
T

Eighe
§:§!§
EF
il
s34k
]
§75¢



Wetivem of Tho rraium

fingers, »o $at an impresalon of two ebjects
Inatend of oo is received.

Becawse exceptions of this sort can b4 takem
as evidence percelved hy pulgation alne, It
was essentinl b0 devise an inslrezoeat progrsm
to demmemstiate whether the tnctle ohaerva
tioms of eraainl motibty s, @a (o, vald,

As Istensive search of schmtific litersture

animals. but the physinlope concops thus pre
mmwmunww
mextally,

s 1062, theredoce, | invited & skillod elec-
mw.'.c.Mahlmrd
computers, ¥ design an «loctromic rocacding
Instrument vaitable for lavestigating ninte
exyansik-coatractile  motions of the e
creaturs. This report has bees prepared with
Nacmwnwu«
e interredation between the Jaws of ckction-
la.mhmduduusnulﬁohwao(
nerve {anctice is neossary for comprebensisn
of the principles lnvolved in the Instrumens
ou‘uamd:hwdmn

Mechansal rectrding

Invelved in the tnstrumental prodles i D
fact that touch s nonlinear, The parveus sys-
tem will transmit e the branin algmals wheh
lelnehdodnm“hnmmfrr

netal eyclie metiona present

Tactle {ushms of rhythmic metioms in ©e
h-d.u.htnl.hmw\duwbj-\.
might arise in e fellowing way:

The experimenter'’s Sagestips are plaed
mwonmmmmmm&m
and hands supported in wach & way st ==
relative mations toke plwe. Both S soalp asd
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mounting plokoffy to ragister the mwtions
ssught while sxcluding thoie which were
dealred, The attor arise from Al feaat
SORTTES

(1) The lurge motivas of e thorex
sreathing ean profuce & variety of
toma of the haad,
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motion, in sensing (e head without “Sosding”™

it, in shifting plck-offy to arbitrnry positions,
and In sontrelling the pressure of Se grobes

signals are minimixed by @is spplicatien, bat
breathisg signals offer a major difheulty, Pick-
offs may be shifted freddy o positica, are
losalizad bn thelr mossuremcols, and may e
aspplied with controlled yressure.

1t waa decided bo bagin werk with & me-
teen that wosld dapliate a3 chealy as feaible
the standard cpeditiens wnder which palpws

ot wis thut it was better o be totherad by
tise bresthing thas by the puise, mizce brenth-
ing eun be interrupted at will.

Choming ax isetyumontal syaless Lhat par.
alleled palpation seemad the sheetest way
toward evolvisg It
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Motboms of the consdurn

P 4. Appovatem viand frem s Sremt shewing e & Latersl wiow st enhfor) @ ot
Fanioutl priow t'c.-o-C e The Aol

Fram aloge witlh bt
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presaing peziod (Figs. Oa, 3b,
tirme, the feat samistakable

and 52).
recceding
cvwnial rhythmie tmpulse independent of
differest trom palse or respirstion was made,

The sshject suffared from a severe headacke
due o Ughiness of O Mrpe plokoffa bul IS
tad been established that such meticn did exist

Sownid ABASA ™. Yer 1)

and owld bo recorded. Niser modifcations
were made [n the apparntue o0 make it Jess
traumatio %o the subject. In all slooguent ex-
perimants, pick-offs of 025 inch were wsed.
Flgure 4 is a rocending made of & man with
excellent respimatory conlrol and shows reduc-
then in amplitode of the wave and socsd viria-
tien In (requescy during a period of inder-
repted respiration, Rascits sre better when &
pelijeet In alle to intarrupl reapiration st the
midpoint betwean fahalation and exdalation,
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pessible to get suth recerds from moeat subjects
or 9 obtaln recordings from the same sub.

hore, It must be remembered that n typleal re-
cording may average 50 feet In Jemgth
only & fow Inchos cun Be yroveated in the
Net all of the soctions have boea chaen a3
beel ones Lo exhidit e crankal
though these are now common.
howevor, |iatrate surpralng
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plok-offs were Lghtoned, 1 was awseo of Uy
tratamitted respiratory motion, that is, of a
molien of the head relsted to thoracie motha,
Additsomal tightening made me gradaally con.
sciosn of the rhythmie, cydiic kacreane sad de
cresse of prossarw froms within the Besd

ltade of mavessent. The dagree of teemion of
the pacumogragh around the theeax wvas m.
pootant, beoauss it aflfecled the cranial motion,
When it was ayplied tightly ezough to present
raslatance W tharacie expansion, vaa
immediately an incrmse in the diaphragmatic
and abdomisal excursion ¢o Yo ose hand and
in the trazamitied twepisatory metion of the

oa the other. It becnme apparent that
MOt ba tight en n
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PE Ta (%p). Phoee soctions of recerding from sems salioed, with ssallgraph svt of 5 v /oon, The oranial
trecey ot Sie top and Yhe gusmrsigron delow, Frem right © fof't the pueumcgron shows fxo regie
alury rprive, befare mbmrapdion of seapiralion wilh cendivarng dlev, shalow relalition Areagbont

Flg % (mideih ), Lader ssethon shova oramial rigthn lapying Sobind chant mavemninl saf padk of methn
durisg tnterrated seapisation sbich O wnifher rempiratory sor erieriel

PIg. Te (laston), Sull Jotur svetion shosn deanbge bl of plias,
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deep Mdalasion. Cramdal ryclem of wpprosreiinly § savirals san be sor,

Bvolenlary mescular effort to breatha which
waz Hocked i= the ssouth asd throat, since the
pnommegraph & diretly sensRive %o suck
nuscalar actions snd would cloarly revesl an
aborted treathing attempt. Instead 9t shows
veow exhautien cotisuing umtll ishaltion
cocurred,

In the secend secticn (he cranial vhgthm
lagped beliind the chest movement, and Sece
wis a pmk of molien, which was neither
respiratory ner arterial, in the peried of In-
wrrupiod respiration,

In the third sotion the two irncings were
ot of phase,

Figure 8 slows a craninl recsrding of two
periods when the bewatls was interrupted
the middie of the reapimbory eyl A doep in.

Scbjocts selected for these experimonis
were knwwn to dave mebile cranial mech-
anlsms, for the parpose of the stody was Lo
ascertain the activity within & heithy head
However, an sxcootion was made to this ruls
whes n patient with hyyeetrophic Croatalis
presented horsel!l (Figs. Sa and 9%),

Pigure 10 dhows thres setions frem the re
enrding of & remackalily moblle cruaial mech.

tions In chamacter of the excarsions, phase
relstioos Lo resplraticn, saperimpeed rapdd
oscillstions, and slow waves, sad the correls-
ton with chest meverments wia highly crratic
Later, the smplitade of the cranisl thythm
was grester than that of the rasplratory eyele.
This made 1t much eaxer te distingelah Dan %
had been befere, althoagh It wis still dissorted
by e mixing. The superinpossd pulee signal
was unussally large.

Pigures 11a and 110 ahow & remarknble de.
gree of cranial mobdlity in an athletic cctoge-
parian. 1lis sstonkahing brmth-holding ability
made his an ideal subject for the study, and
be bad the afdod qualification of being com-
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ehusnd NI puwfosnl seiin was sunalatend wiih e resalie of palpation,

B ladernd anglon of e Sromial brve. Whe redonds

o

Figuse 155 & & later receading of the same
ring n peried of tervupted reaplon.
tion. During the three canial cycles st the
ning of U period theare waa o delay in
decrease in limb wolame in comparisen
with Ut during resgdration,
Figum 13¢ i & record of the same mubject
At a [nter dite, with the plethysmaograph on the

!

Jowmw ADAL N My 19T)

Wit middie inper, Duriag both sexisined in-
halation sad @asy resplration the peak of
crania) expansion almmt coincidal with the
trougt of ow volume |x-the finger.

Figere 14 woa recorded with the plethys.
wogrgh oo the forenrm and ngain abows the
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“Hiat any escitable stity b emdowed with
swtematism™ He cited the Wintrebery ex-
periments o the automatises of emlwyunic
muscles, and siated: “Ths ssthor, while i

Pamet COEAN A,

ol Do dovrl of sense peivilaged g,
sodnl Usede, XX MDA DATVOSE cextecy sock as e
rengiraiery ortders

Ruch and Fulton® also describad the teale

varlations in activity of the vascesotor cemier
are menifest as perdodic waxing sad wan'ng
of the penera) srterial pressure. These wares
of chasging promure are saualy dealgratod s
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Ny 1L Nemrdiog of 1 ms /e, m.m w) 20 yweeid pomid,

m.i:;c»-'d»m—dxéd eocerd frum vighd forearm. Dartag esy, (wid ssapiaiion o

Aory demsias @ 1) seleme wiment olod w2A Bie sontraetle phowe of the crasial spele,
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Wootivom of the cramium

rcummuwmd.mm,mwdm-uw
pesaiys commading wiih e fragh of Jow volume o the foresrs.

Trwbelering waves, nithough this term,
srictly speuking, shoud be appied caly % the
warm “which Twale observed fi» Animak
with the thorax open sad e Saphmgm par-
alysed. Thase waves, too, resull from rhythmie
variations in Ba activity of the vasocenstrictor
center. Durisg sleep, cortaln mush hoger
wiveilhe variations also eocur™

The week of Searn' va apcntasccusly baeath
ing ancsthetised cats sagpesied that the res.
pivatory center I= the mondulls may have a
comparshle thythmie activity, which infle-
emoes rwpiration by way of the apisal respir
atory metonesroms. Ry studylog intraceluiar
recondings from respiratory metozeurcas be
made the followlsg owmervalions:
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phame occurred (Fig. 10), Sears concioded:

crrtaml nEreITs checian lan anerie 4 oo
e ever the segreentel of
renpinaluoy

This effect has not been elicitod in spizal

animals.
The queation te be considered naxt » wheth.
er » relation exiets Ditween rhythmic cellalar

Taborit* statod:
Pewmrd storwed That the hitaten of wtiviy
e e rwapenae of & M 0 bl

Sewnal MBS A Ny W%

bewnt conchoded that the vasomotor
the respiratory coster in e foor
fourts ventricle possess a factional
wiiieh at tiraen ttanifents & yhythmic
ity similar to et slower than that of
thes, Grosser exporiosetis have shown
mevement of cercbecepioal fuld cocsrs
atdy syschrenosaly with cardine snd
tory teovemant but with &
odicity similar to but siower than
tien. (aarvation asd recurding of
rhnh-k.edmellhllvcmhn
desonstrated that an exyazalle-conlrwetilo mo
Lien octurs with heartbent and

and also with a rigthméc pariodic-
maimmumm-mwm.\
relation betwees chraging potentisl asd rhiyth.

The peryetual outiosring of impauises from the
brsin to malntsin pestum! oguilibeiems, cham.
joal hemosstasis, and o on conselvably may
maltiply e aetivity aof ndividusl ces irdo

pattern of the whole brain, small
cxough 1o be favialtlo % the naked eye, bt
hmmummmwm
which in tsrm soves the dodintely srticelated

el
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comolish the remits an witcessed in ‘m
giw.t "

Come homacns

Inberent metion dose exiet within the living
croaium. It ean bo bstremesislly recorded,
and Its velation to ether known phyeicdogle
funciions may be dedoced from (s simSlarity
to them The peint requives study, however,
Tt ciinbnl mgnifennce aleo roquires extensive
docameatatin.

Apyrenissios & sapresscd to PO Staske of LaJol,
Cz.. whe devignad the apperaivn ond afernd sk
wgartent dwsetion, &0 We Crasisl Acafemy. what

greriaed e s wed & Do, LN, Koee, Kivkas
nllk Collage o wnd Bwrgery, A pdgwe
layne soealtend,
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