TILE PIMYSTOLOGY OF CATAPIHORRBSIS:
BY WESPON A. LRICK, CLEVELAND, GUIO,

Wr will at this Lime confine ourselves Lo 2 considoration of the
phenomona attending the upplication of an clectric current to the
hnan body, with and without an interposing medicausent, and
espocially as applied to the dental organs.

Therc are threo distinet theories as to tho forces at work and
thoir particular action in these processos, and sinco thero ia such o
divorsity of nomenclature and varicty of method for the application
of theso forcos, we will include in this considorntion all tho melhods
of applying an clectric curront Lo the dental organs for producing
antathiesia, whether used in conjunction with o medicament oy not,
'¥hogo theories are,—

1. Tho polarization of Lhe tissue, producing an inhibition of the
gensory impulso.

2. Osmosin.

3. llectrolysis.

Tho first theory pravides thal when an olectric current is ap-
pliad to 0 too with or without & modicanent, the conditions pro-
duced nro due ontirely, ov almost entively, to the c¢lects of Lho
current, nod notb dio Lo Lho modicament, other thin ity assistineo
in conducling o curvent,  Ancther division of this first theory is
that o constant current applicd to the dental branches of Lhe tris
fucial nervo, with the ppsitive pole applied o the tooth and the
negutive pole over tho Gausserinn ganglion, inhithits the normnl sen-
sory itmpulso. Tha lewding advocides of thiy thoeory nmintain that
a cortain wnd definito amount ol current applicd in the manuor just
dogeribed will produce a condition ol awesthesia in the tooth, and
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thut vithor too little or too much will not produce this condilion,
Thoy call it “ghort-circuiting” the nerve.  For this application,
the positive pole of Lhe constanl current is atlached to the dental
engino in such a manner as to mako Lo bur the electrode, the
hand-picee being insuluted, and the negative polo is applied ovor
the CGasserian ganglion upon the samo sido as thae (ooth o be
operated on, which is perfectly insulated.

Thoe next theory provides that the medicamont which iy applied
under the electrodo is tho agont which does Lhe work, but that it
ig caurried in by physical forco, that in some way, jusl as a sbroam
of walor carrics sodiment with it, so thoe cloctric cuvront carries
tha ingrodionts in solution with il through the solvont and throngh
tho tissue.  Tho advocates of this theory have (urnished almost all
the literatnre that has boen written on Lhe theory of entaphorosis

since ils wdvont; wil among its ranks are Lo bo Toand many of

tho forentost men in the dental and medical profussions.  Tho most
oxhanstive articles howring on (his theovy have been writlon by
Drs. }"[oa'l,on) Poterson, and Phillips, whilo o number of. shorter
articles have appeared from olhor writers.

Tho theory of olectrolysin provides practically that all the efteet
produced ip passing an clectric cureent througl u inedicamont, uw
applicd in cataphoresis or in any other way, is clectrolytic. T huvo
not been rblo to find a single povson among the wrilers for the
medical and dewlal profession defending thiv thoory ; it may, how-
ovor, bo worthy of consideration.

Ap tho noxt steps Jet us consider,—

1. Tl physiological effoct of 4 constant carrenton nerve liskue,

2. 'Uho lnws governing osmosis,

3. T'he laws governing cleclrolysis.

[ have domonstrated elsewhers, and verified repestedly, that
tho resistance thirough w tooth, uecordingly as the cavily is wet or
dey, will vary all the way (vom thousandtbs todundreds of thou-
sandthy of obims. I have measured cavities in dentine alter dehy.
drating, and found them to viry from twenty thousand olimn te
over ouo willlion ohmg, and in different parts of the same cavity
alimosl (hat amount of variation over tho suiface of the denting

“ulone ;ibrough the enamel, of course, those figures would Lo muli-
plicd by thousands. )

Two Lhings must bo evident to every one al 4 glanco,—vix,
that in delivering the currepe 1o a tooth from the bur aw the posl.
tizo clecirode, it is impossible Lo have a uniform amount ot current
flowing, as the bur is moved to different pavis of Lbo cavily, owing
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to tho varviablenoss ¢f' tho resistance of tho different parts of the
cavity, and that with so very high a resistanco it would be imypos-
sible (o have moro than an extremely wealc current flowing, unless
tho potentinl wero very many times tbat used.

It has been demonstrated by Nernst and others that “Lbe
ommotic pressure is independeny of the nature of the solvent, and,
in general, obeys tho laws of guses.”  Various proofs for establish-
ing_;' this law avo given in Nernst's “Pheoretical Chemistry," 1895.
It bas also beon demonstrated that “wsolutions having the ewme
osmolic pressuic can be obiained by dissolving cquimolocular
quantitios of tho various substances in tho same solvont.”

Sinco tho naturo of the solvent lias nothing Lo do with tho
oamotic pressure L al oneo beeomes obvions that,—

1o doos not nudder what solvent wo use for our covaine, pro-
viding it is tho force of osmosis Lhad nccomplislicy tho worl,

2. Sinco tho osmatic pressuve is in differont proportion to tho
concentration, the solution should bo na nearly saturated ns possiblo.

3. Sinco tho ogmaolic prossurey is incrensod o u delinilo extent
by each degree increwse of hioat, the solution should be kept ag hot
as possiblo. .

Theso observationg hold good for practical application, if the
force wo aro dependont upon is osmosis.  Wo can innke our doduo-
tions both from a clini"cal und thooretical stund-point.  Will osmosis
carry cocnine into donjine to uny considorable oxtent? To sngwor
this, I have sealed o splurated solution of cocains into cavitics for
two duys, and again Ih’:;"t,wo months, without producing unmsthesia
sxcopl on the very surfacoof the cavity, T havo alse upplied it for
gome timo on an oxposcd pulp, and could not go very far into jt.
Sulphate of strychnine and bichlorido of mercury applied on cotton
to the cliest of frogs produced no physiological effect, while with o
curront, death was produced in o few minutes.  This at one strokg
geoms Lo answor tho question as to whother oswmosis wlono cun
produco this condition.

We nve forced to conclude from tho clinical observalions and
thooretical  probabilities that osmotic pressuve is not vho forco
on which depends tho Li"mmmiwirm ol coenino through dontine into
the pulp. This brings ﬁluﬂ to 1 consideration of tho Iast quostion,
—viz., Whut nvo tho lnws of clectrolysis?

What is clectrolysis? Lt is tho change that is effected by the
passago of an clectric current in o far as tho cloctricity oxhibits
itwoll nn such, ‘ "

How iy oloclricity conducted?  Awn exprossod by Nernat, and
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transtated by Palmer, “The convoyance of clockricily in conduct.

ing aubstances may happen in Lwo difforont ways~——viz, with ov

without (ho associnted Leansporiation of matter. The datter hnp-
pens in tho case of melallic conductors (fivst c¢lass), the former in
clectrolytic conduclors (second elags); heneo theso are called con.
ductors of the firgt and second clusscn respectivoly.”

A solulion conducls oleclricity the boller Lhe moro nwnerous
the iona and the amaller tho {riction which Lbo ions encountor in
their migration.  This conceplion may be applied unchanged. to
evory substance which conduels clectrolytically, whether gascous,
liquid, or solid, whether simplo or mixed.

Lel ug now apply somo of Lheso laws of cleclrolysis Lo the par-
ticilar procesa with which wo aro interested.  Supposo tho positive
polo Lo applicd to the dentino of a (ooth and tho negative to Lho
cheele, | An interposing layer of medicament, say cocaine, in watory
solution, is between the metallic positivo clectrode and the dontine.
The only way clectricity can gel from tho motallic posilive cleclrodo
to Ltho metallic negalive clectrode is by the dissociation of somo ef
the molccules, in every substance of Lhe socond cluss through which
il paspes. In cvery partof the cowrse through tho cocaino solution,
tho denting, the pulp, iho connective tissue, the hlood-vessels, Lo
miuscutar Lissue, and tho sponge on Llic negativo cleclrode, there will
Lo ncleavage of somo of Lho molceules of the various chomical com-
positions into a posiltive and a negative ion, Theso ious with equul
forco and ehaemical equivalents slarl on their respectlive journoys
towavrds their opposite poles. Thoy mcot with friclion which
varies from difforent ions, and since they have tho same force ho-
hind them, pushing them, theiv velocitios will vary with varied
roaigtanco. I in their eourse thoy mocl a now ion, or an olomont
ar compound for which thoy Liavo w greater allinity than Lho foreo
which acparnbed then, they will unito with it until they aro agnin
cafled into sevvico,  Unloss an ion found such an allnity, it would
keep on going until it-got to the molal plato of the negative olee.
trode, and il 1L could unite with it would do so; i’ not, it would e
deposited upon it or be fiberated in Lho furm of gag.

According Lo the oldor Lheoriew, there wan spposod Lo bo n
physical forco exerted in some manner by (ho oleclyic current, and
this theovy hag yol its advocates. Fhero is w newer theory, how-
ever, which is mado by its inlroducor Lo explain all the phenomona.
lts author iz Nernst, of Gotlingon, Germany.  1ic maintaing thut
thero is no Lransmission of wmatler, cxcept the ions themselves.

The final goal ig, of conrse, Lo diminigh tho iimo. 1 do not

— g =
SN

St L L s

w o

RS

AL

A S

- |
'i

£ |



Gulta-Percha. 651

bolieve (s will bo done 1y seoking diroutly for a substanco thad
g o figch oxmotie pressure, but rathor in seoking (Or s reaclion
that will prodeco the et oaetive Jon. L6 iy (rue, howover, thal
substancos that have o high osmolic prossire have good conduc-
tivity.  Sinee tho amount of current wo can use iz Himited by the
prin it of' the tisste, and tho amonnt of clechrolysis is w constant
oapresaion ol tho strongth of cuvvent, of cowrso the amount of
chomicad onergy wo cin bberato is fixed, and wo cannotl hope to
chango this unless we can - hungos somo of the laws of thcir pliysi-
ology, eleclrolysis, or chenusiyy.

Wo bave left these unfized conditions to modifly —viz, to sclect
Lhoions with the greatost migration facility, and which themselvoy,
or the compounds thoy will form, will produce greater physio-
logical offect npon tho tissue for Lho same unit of concenteation in
Lo tissuo.  Lhoro is no veason why great advancement should not,
bo oxpeched, and iLoasany opinion that whoen it dous como it mnst
come along Lhis line.

T am indebled tor valuable references to Professor Mosley, of
the Western Reserve Unrvorsity, Professor Miller, of Case School
of Applied Science, und Prulessor Merdman, of the University of
Michigan,



