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INTRODUCTORY.

URING the past year S. C. Brooks
D and the writers, working in the

Research Institute laboratories in
Cleveland, have attempted to throw light
upon some Very important questions
which have arisen in the practice of the
so called “Electrolytic Medication.” The
purpose of this and succeeding papers is
to study the action of electrolytes and
electric current upon bacteria and body
tissues under conditions simulating the
treatment of infected oral tissues in the
human body. It is hoped in this way to
aid the dental profession to clear away
some misconceptions regarding ‘“‘Electro-
lytic Medication” and to more readily
establish such a therapeutic method
upon a firm basis.

The treaiment of various diseases and

diseased areas by medicaments carried
into the tissues thru the aid of a gal-
vanic current has been known, in dentis- -
try, as “Cataphoresis” (W. J. Morton),
“Tonic Medication” (Jones), “Electroli-
zation” (Rhein), “Electro-Sterilization”
(Prinz), “Electrolytic = Medication”
(Fette), and “Iontophoresis” (Kdller).
There has been no uniform choice of any
one of these terms. Indeed, to select one
descriptive of the method is somewhat
arbitrary, depending largely upon the

conception of what takes place. Since. '

the diffusion of ions in a mean direction
(not specifically toward the cathode) is'
considered the important factor, and not
always to effect sterilization but, as well,
the stimulation tending toward the re-
generation and repair of periapical and
other tissues we may suggest, that the
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term “Electrolytic Medication” appears
to be satisfactory and the most applicable
of those which have been used, Fette has
previously indicated (1) that the term
“Electrolytic Medication” is preferable
to “Ionic Medication” or “Ionization” as
it implies a method of treatment with an
electrolyte and that electrolysis (not alone
“Tonization”) is one of the associated
phenomena. The term may not be
wholly applicable but it appears to more
nearly approach a descriptive one and
be less confusing than the others referred
to. We shall use, in this paper, electro-
lytic medication synonomously with the
phrase electro-chemical method, and dis-
criminate between the names of associ-
ated phenomena, e. g. dissociation, elec-
trolysis, polarization, etc.

The use in dentistry of galvanic cur-
rent and externally applied medicaments
was suggested in 1858 by B. W. Rich-
ardson. In 1887 Dr. McGraw demon-
strated, at a clinic in Chicago, some ap-
paratus in this connection. In 1895 Gil-
lett, one of us (Price), Van Woert, and
others, perfected apparatus and studied
what was then known as ‘““Cataphoresis.”
L. P. Bethel, W. J. Morton, M. L. Rhein,
E. Sturridge, and others, treated pyor-
rhea and attempted from 1896 on to cor-
rect various septic conditions with the aid
of this agent. In 1903 Hoffendahl, after
working with Miller in Germany, recom-
mended that electricity be used without
externally * applied electrolytes. Since
then, in this country and abroad, con-
siderable prominence has been given to
the use of electricity with and without ex-
ternally applied electrolytes to cure and
correct certain abnormal or pathological
conditions, i. e., to sterilize infected
© tissues and to stimulate and lead to the
replacement of tissue destroyed as a re-
sult of infection.

An electro-chemical method has been
advocated for various reasons. One of
the chief of these is apparently the aim
to reach deep seated infections with dif-

(1) JYournal of the National Dental Association,
March 1917.

“trolled reagent,
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férent medicaments which, it has been
assumed, could be driven into the tissues
to “seats of infection” by an easily con-
electricity. - Some of
these medicaments have disinfecting
properties but, what is essential to note
here, the combination of electrolytes and
electric current has been definitely cred-
ited by Prinz (2), and perhaps others,
with having sterilized infected areas,
(presumably by direct action upon the
bacteria). Some articles on this subject
have, also, given the writers of this paper
the impression that electrolytic medica-
tion has led to the stimulation of the
body tissues to repair destroyed portions.

The usual treatments with electrolytic
medication vary considerably. They in-
volve the use of a galvanic current with
an approximate range of one-tenth
milliampere to five milliamperes, over a
period of from five to forty-five minutes.
Electrodes of copper, zinc, platinum, sil-
ver and iron have been used with either
anode or cathode in the tooth, An “in-
different” (larger) electrode serving as
the opposite pole is placed by some op-
erators on the gum rear the tooth to be
treated, by others on the cheek,
back of the neck, on the forehead, or on
either wrist. The electrolytes which have
been recommended and used are copper
chloride, copper sulfate, magnesium chlo-

~ride, potassium iodide, sodium chloride,

silver nitrate, zinc chloride, zinc sul-
fate .and possibly others. Jodin in
alcohol and in water has also been rec-
ommended .in connection with electro-
lytic medication but the halogen is not
an electrolyte, i. e., does not conduct
electricity to any appreciable extent.
Studies to determine the effect of differ-
ences of potential, current density, the

- value of one electrode over another, or

the superiority of an electrolyte for a
specific purposé have not been prose-
cuted extensively enough to satisfy the
writers. This fact along with the vari-
ety of technic, the great differences of

(2) Prinz, H' “Electro Sterilization,” Dental -
Cosmos, April 1917, page 373,
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opinion among the profession and some
conflicting clinical data which we have
secured; has led us to undertake the
present work. The clinical data in-
cluded the culturing of the fluid from
the periapical area in a large number of
cases, including immediate aspirations,
one hour after, and one and several days
after, electrolytic medication,and in each
and every case we obtained vital cul-
tures. These clinical tests also included
the extracting of a tooth and the cultur-
ing of its root apex and the periapical
tissues after the treatment had been
given for thirty minutes at 4 ma. The
current was again applied to this tooth,
after extraction, for one hour at a high-
er current strength in a normal salt and
the apex still gave vital cultures.

A study of the literature on this sub-
ject has involved the construction of a
bibliography, based mainly upon the
review of twenty different dental
journals (cf. “Bibliography of Elec-
trolytic Medication”). The oldest of
these journals have been reviewed
since 1881 and the rest since their
beginning. In many cases the in-
dexing has been found to be so poorly
done that volume after volume has had
to be scanned serially. The result has
been the review of the development of
the method, the gaining of a quite defi-
nite idea as regards the present stand-
ing of electrolytic medication and the
recognition of the . complexity of the
problem. Besides the dental literature
we have frequently referred to the medi-
cal journals, and those of the more exact
sciences, especially physical chemistry,
for recent contributions to the subject
and original investigations. From this
review we have been impressed with the
need of an analysis of the whole problem
and have, consequently, condygcted the
experimental work and considered the
theoretical aspect under the following
four divisions: ‘

A. Direct Effects.

1. Toxicity of electrolytes, to an-
swer the questions (a) What concentra-
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tion of electrolytes, acting for a unit
time, are toxic so that they cause irre-
versible changes, i. e., death of bacteria?
(b) In these concentrations for the same
unit of time, is there destruction of hu-
man tissue beyond the limit of body tol-
erance and power of regeneration?

2. Effect of galvamic curremt upon
living tissues, to answer (a) Will gal-
vanic currents kill pure or mixed cul-
tures of bacteria and what is such an
irreversible change a function of (i. e
time, icurrent-density, electromotive
force, etc.) ? (b) What is the effect upon
human tissues of a galvanic current act-
ing under conditions which will kill
bacteria in that locus?

'3. Electro-chemical effects, to throw
light upon (a) What effects are produc-
ed when electrolytes are used in connec--
tion with galvanic current upon bacteria
and upon- human tissues under condi-
tions which would kill bacteria and un-
der - conditions simulating the present
practice with regard to electro-steriliza-
tion of root canals and periapical tis-
sues? (b) What is the depth to which
the ions penetrate under a fall of po-
tential which is used in connection with
electrolytic medication, and what is the
penetration a function of?

B. Indirect Effects.

4, Tissue repair factors, to answer -
(a) What are the essential factors in
the repair of periapical tissues? (b) Can
electric current, or electrolvtes, or both,
change dying cells to recuperating or
living cells?

GeENERAL CONSIDERATIONS,

Before proceeding to the presentation
of the experimental data regarding the
action of electrolytes and electric cur-
rent on tissues, the writers believe that
it is necessary to consider some general
and related questions. . ,

It has been intended in this paper to
point out the value of quantitative de-
termination and care in the recording of
experimental results. To aid in mak-
ing this clear, the analysis of the prob-

Sty
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lem includes largely the determination
of certain quantitative factors with
which we are especially concerned. To
put this view in other words, we believe
that it is not sufficient to know what
changes take place, but also kow they

. take place and how one factor is related

to another, in a given reaction. The
medical profession has already realized
the necessity for quantitative methods
in research. Recently, for example,
studies on the “rate of cicatrization”
have been reduced to mathematical ex-
pression by Carrel, DuNouy, and others
(3). The subject of immunity, or im-
munization, probably better known to
the dental profession, is being developed
more rapidly since the quantitative stud-
ies of Madsen and Jorgensen on the
blood’s content of agglutinin and Lev-
in’s studies on the concentration of
diphtheria antitoxin in goat’s blood (4).
In dentistry Prinz (5) has proposed,
altho with unreliable data, an express-
ion to calculate the time of current ap-
plication in “Electro-Sterilization.” Tt
is essential, we wish to point out, that
this need of quantitative expressions be
more fully realized in dentistry.

In this connection Arrhenius (4)
wrote
"“As long as only qualitative methods are used

in a branch of science, this camnot rise to a higher
stage than the descripfive one.”

His point may be taken as implying
that medicine today consists of countless
descriptions of known diseases, observa-
tions of the treatments, of drugs used,
and the clinical results, and to form
an opinion of the manner in which these
substances react it is essential to utilize
the methods introduced by modern phys-
ical chemistry. Descriptive and qualita-

(3) Carrel and Hartnian, Jr. Experimental Medi-
cine, ’16, XXIV, 5,429; DuNouy, Ibid, 451; Same
XXV, 5,721 ; Vincent, Ibid XXVI, 1,83.

.(4) Arrhenius, Immunochemistry, N. Y. 1907,
Macmillan; Madsen and his pupils ‘“Memoirs in
the Communications de I’ Institute serotherapione
de I’ Etat danoig 1907-13. i

(5) Prinz, Cosmos, LIX, 4,393, April 1917.

(4) Arrhenius, Quantitative laws in Biological
Chemistry, London, 1915, G. Bell and Sons, Lid.

tive chemistry are of very limited value.
Physical and theoretical chemistry al-
low us to follow quantitatively the in-
fluence of temperature and of foreign
substances upon the interesting organic
products; which are of greatest im-
portance in medicine, in the physiolog-
ical processes of daily life and in the
diseases and their therapy. Biological
chemistry and - general physiology in
applying the physico-chemical methods
have paved the way to a clearer under-
standing of the vital processes upon
which is based the advance in medicine.
The literature reviewed for this study
indicates that the dental profession has
not realized the significance of care in
the recording of results and of quantita-
tive measurements.

There have been a few notable ex-
ceptions to the last statement. We would
refer here to the studies in metallurgy,
cocain anesthesia, teeth stains, and, re-
cently, the studies with relation to bac-
teria and the internal secretions. With
reference to the problem of electrolytic
medication, the early observations and
conclusions from studies in cataphor-
esis 1895-1900, regarding the chemical
and physical factors, have, however,
passed unimproved and untested in spite
of the fact that investigations in medi-
icine and physiology destroy, to a great
extent, the value of these old results and
must change, as will be later seen, our
concept with regard to such phenomena.

In the main the investigators of the

question of “Electro-Sterilization” and
those who have striven to perfect technic
in the application of such a method have
neglected, furthermore, to appreciate
fully the significance of characteristic
differences between living and non-liv-
ing systems. A knowledge of electric-
ity, deemed important by Sturridge (6)
and many others (7), and even a knowl-

(6) Sturridge, E. “Dental Electro-Therapeu-
ties,” Lea and Febiger, N. Y. 1914,

(7)  Tousey, Sinclair, “Medical Electricity”—
Saunders, 1915; Jones, Lewis. “Ionic Medication,”
Blakiston, 1914, 2d ed.; Fette, G..T., Cosmos, March
1917, and this Journal, March, 1917,

i
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edge of electro-chemistry, is not sufficient.
Electrical response in living tissue, the
role of electrolytes, polarization phe-
nomena, the significance of the semi-
permeability of membranes, surface-ten-
sion, etc., have not been considered suf-
ficiently in the past when drawing con-
clusions as to the efficacy of such an
application of electro-chemical phenom-
ena as an “Electrolytic Medication.” In
1900 Cook, A. Pont, and one of us
(Price), discussed the significance of
certain of these physiological questions.
No further consideration of such mat-
ters has been prominent in the dental
literature. '

With living matter, we must not over-~
look the fact that we are dealing with
two types of reactions, (known in chem-
istry as the “reversible” and the “irre-
versible”). The characteristic of the
living state is that reactions are not in
stable equilibrium and are largely of the
reversible type. For example, we are
not dealing with reactions as

Hy+1%0,=H,0 or NaOH-+HC1=NaC1-+H;0
but more of the type
C:H;0H-+CH; COOHz=CH;.CO0C; Hy+H:0

(the last known as ‘“‘esterification” and
“saponification”). The reactions in the
body further, have been considered, by
some investigators, as similar to the
change in gelatine from solution to jelly
and the reverse (sol&>gel). In the
body we presume that changes occur
constantly in.oné or the other direction,
hence we speak of them as reversible.
In a large measure the effect of clec-
trolytes and electric current upon the liv-
ing cells leads to the type of reversible
reactions (such as alterations in the
semi-perreability of membranes, tempor-
ary changes of the hydrogen-ion concen-
tration, narcosis, or anesthesia, and the
like). In physical and organic systems
an increase in the tensity of such re-
agents or a longer reaction time will of-
ten lead to irreversible changes; result-
ing, in the body, in the destruction or

death of the tissue. This statement ap-
plies to bacteria as well as to body cells.

It will be worth while to point out
some of the reactions of this type with
which we are concerned in this connec-
tion. Constant electric current, e, g.
galvanic electricity, passing thru the liv-
ing organism, alters many physiological
processes. Where the current enters the
tissue (in the region of the anode) there
is decreased irritability, depression, or
inhibition  (“anelectrotonus”); where
the current leaves the tissue (the region
about the cathode) there is excitation or
heightened irritability —(‘“‘catelectroton-
us”).

“IThe essential basis of the effect appears to be
an altered polarization of the cell surface” (Lil-
lie) (8). ‘

Reversible changes in the semiperme-
ablé membranes and other secondary ef-
fects are known to accompany this polar-
ization effect in many cases. This is
attributed by Nernst to the accumula-
tion of the ions of the dissolved elec-
trolytes of the cell at the membrane,
under a constant fall of potential.

As regards the actions of ions and
molecules of electrolytes in contact with
the living cell there are many character-
istic effects of the reversible type. Mag-

nesium sulfate is known to produce an- .

esthesia. Similar effects are produced
by potassium salts. Calcium and stron-
tium salts cause reversible desensitiza-
tion in nerve and muscle. (Lillie, above)
Calcium, also, antagonizes the stimula-
ting action of pure sodium salts, hence
its use in Ringer’s and Locke’s solu-

tions.

Considerable significance is attached
to the effect of the neutral salts upon
the colloids of the cell, especially of the
surface layer or plasma membrane,
(probably a solution effect or surface
tension change.) Czapek, Osterhout,
Macallum, Lillie, Hober, Overton, and
others, have studied the effects of elec-
trolytes and, as well, other chemicals

(8) Lillie, R. 8. Biological Bulletin, Vol. 5,311,
May 1916. -
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upon the surface membranes. Some of
the effects were found to accompany an
increase or decrease of the surface ten-
sion and are closely connected with the
electrical potential difference existing
between colloidal (or other cell particles)
and the medium by which the cell is
bathed. The significance of this sur-
face effect, of alterations of the semi-
permeability of the plasma membranes,
is important. Lillie considers that “a

surface effect is sufficient to set in mo-
tion the whole complex apparatus of re-
sponse in the cell-interior.”

Whatever effects have been produced
during electrolytic medication are ap-
parently, we believe, of the reversible
type. In other words, electrolytes or
electric current in low concentrations or
for brief periods of time may intensify
or suppress certain functions. Presum-
ably, however, increase, either in the in-
tensity of the reagent or the amount of
reaction time, should lead to irreversi-
ble destructive changes. Our experi-
ments indicate this irreversibility in re-
actions with bacteria has not been se-
cured. The reversibility or irreversibil-
ity, it must be noted, is the same in char-

acter with living cells of whatever type

or function, i. e. bacteria, epithelial
bone, or other cells, differing only in de-
gree, due probably to different rates of
metabolism, or to constitution, charac-
teristic of the individual cell.

A. Direct Effects.

1. Action of Electrolytes upon Bac-
teria and Other Organisms.

Studies of electrolyte action on bac-
teria have been made necessary because
investigations in the past have not taken
into account (1) exact quantities of the
reagents, (2) the time over which the
reaction was allowed to take place, or

(3) the conditions were not comparable,

with those which we meet in electrolytic
medication. For instance, many of the
investigators working with bacteria “in
vitro” allowed the electrolytes to act for
twenty-four hours. It is essential for
_our purpose to know what direct action
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there is in every minute, or at least after
five, fifteen and thirty minutes.

For this purpose, a series of electro-
lytes (chlorides and sulfates of eleven
different elements) were selected and
used in different concentrations for dif-
ferent periods of time.

Saturated and ten per cent (a) solu-
tions were made up at twenty-five degrees
centigrade. One per cent and one-tenth
per cent solutions were made up from
the latter by diluting a pipetted sample
(i. e. ten cc and one cc respectively) to
one hundred cubic centimeters at the
same temperature. (b)

The procedure was to use one-half
cubic centimeter of each salt or acid solu-
tion and an equal quantity of an active
culture of mixed oral bacteria in dextrose
agar broth. (Hence, there was a total
concentration of one-half that made up.)

Certain experimental errors, it is. hop-
ed, were avoided in this series. Every
precaution was taken in the series to pre-
vent contamination of the salt and acid
solutions as we were attempting to study
the direct action of pure electrolytes. The
culture of bacteria was grown fresh and.
was used within twenty-four hours. A
freshly extracted infected tooth was
ground up in a mortar and mixed with a
sterilized dextrose agar broth, about one
quarter of a liter. In twelve hours, at
thirty-seven and one-half degrees centi-
grade, an active culture was observed in
every case. The mixture of electrolyte
and bacteria was placed in small test
tubes and kept thruout the reaction time
at constant temperature, thirty-seven and
one-half degrees centigrade. After five
minutes had elapsed a sample on a flam-

(a) Ten grams by weight diluted with distilled
water to one hundred grams of solution.

(b) We have used ‘per cent” concentrations
because this term occurs in the dental literature on
this subject. We have calculated all of the con-
cenirations in terms of the molecular weight in a
liter of solution. It is to be hoped that in dental
research of the future, investigators will utilize the

Jatter (molecular) concentrations and, as well, the

chemical equivalent (normal) concentrations, terms
used by the analytical chemist. It would then be
possible without difficulty to recognize equivalent
chemical action, and compare, readily, results from
differeént hands.
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TABLE 1.
ActioNn oF ELECTROLYTES ON BACTERIA IN MaAss.
CONCENTRATION
SOLUTION ACTING
REAGENT M W P.C. P.C MOLAR
1 ALE(S0.), 24 H,0 516.68 11.4 5.7 0.11
3 AlEx(30d. 24 H, 10.0 5.0 0.097
3 “ 1.0 0.5 0.009
i - 0L .05 0.001
5 ALy(NHJ(SO00)s 24 H:0 474.48 15.1 (575 0.159
: z(“‘m)z( )¢ H 00 e §-159
7 « 1.0 0.5 0.010
8 o B 0.05 9.00L
9 CuSO. 5 Hs0 249,57 : . 0.349
w0 e 1000 5.0 0.200
1 « 1.0 0.5 0.020
o | i i i
13 Fe SO, 7 H0 277.84 . . 137
1w e U 1000 5.0 0.180
5 1.0 0.5 0.018
18 N 98.0 80 g
17 HS0 98.0 : . :
18 e 10.0 5.0 0.51
19 “« 1.0 0.5 0.051
20 - e 0:05 0.005
21 K.80 174.2 . . 1287
29 e 1.0 0.5 0.029
2 o ; 2?5'% 13,'{1)5 8'223
MgS0,. 7 B0 246.32 ;s : :
24 MeRp 2 1050 5.0 0.203
96 “ 1.0 0.5 0.020
o ik b
2080, T H0 187.37 : . :
Z8 ZnSQu T Hs 10.0 5.0 0267
30 “ 1.0 0.5 0.026
i 1 42'5 208 8'%22
; . 12 H,0 376.58 : : :
§§ AlsCls- 12 By 10.0 5.0 0.133
3 w“ o 1.0 0.5 0.013
F e 01 2‘1’% 0:078
' 218.99 . : X
3 CaCly 6 H0 10.0 5.0 0.248
bt « 1.0 0.5 0.025
e N 81 22% 1.4
. 152.49 : : :
40 CuCl; 2 H0 10.0 5.0 0.330
) « 1.0 0.5 0.038
B 9 2308 0443
540.44 . 23, :
44 FeCly 12 H0 10.0 5.0 0.093
4 - 1.0 0.5 0009
a o 3270 1600 1388
36.46 . . :
5 BCL, 100 5.0 1.372
& - 1.0 0.5 0,137
A 0.1 0.05 .01
; 271.52 6.8 3. KT
32 HgCly 1.0 0.5 0.018
5 W 0.1 R 0:003
5 74.56 25. . 1
W Ea, 10.0 5.0 0.671
[ . 1.0 0.5 0.067
b & i i
203.24 35. . :
5 MeCla 8 H:O 10.0 5.0 0.246
61 « 1.0 0.5 0.025
Bl e :
8.4 3 : :
6 Nac, 58.4¢ 1070 5.0 0.855
o - 1.0 0.5 0.086
L. ke i
4.3 . . :
61 NEG1 124.38 1000 5.0 0.412
68 - 1.0 0.5 0.041
E e 3 o b
I ERCh 2808 0.1 0.05 0,002
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TABLE I (Continued.)

AcTION OF ELECTROLYTES ON BACTERIA IN Mass.

CONCENTRATION
SOLUTION ACTING

REAGENT M. W. P.C. P.C MOLAR
78 ZnCly; H:0 154.29 79.8 39.9 2.586
74. 1 (Alc) ) Control 126.92 7.0 3.5
75 “ in 1.0 0.5 )
76 - # ) Alcochol 0.1 0.05
77 1 (Water) 0.027 0.013825 0.0011
78 KI 166.02 59.0 29.5 1.777
79 “ 10.0 5.0 0.301
80 “ 1.0 0.5 0.030
81 “ 0.1 0.05 0.003

ed platinum loop, or tungsten-gold wire,
was transferred to each of four tubes of
sterile dextrose agar broth. This was
also done after fifteen, thirty, sixty and
one hundred and twenty minutes. Con-
trols with the solvent of the electrolyte,
in this case water, were used in every
case. Observations of the fincubated
samples were made after twenty-four
and forty-eight hours, and in some cases
four days. If, in this incubation time,
a tube was still clear it was called nega-
tive. (See Table IT). Controls in ev-

ery case indicated (cloudy tube) that .

the growth of bacteria was active and
alive thruout the longest reaction period
of over two hours, under the same con-

- ditions as the electrolyte-bacteria re-

action was proceeding.

The results are significant. The fol-
lowing decreasing order of toxicity was
recorded for neutral salts: :

- Mercury>Iron>Copper> Aluminum

With the acids which were possessed of
toxic properties, concentrated hydrochlor-
ic was slightly greater in effect than con-
centrated sulfuric. In the case of mer-

curic chloride of all concentrations used,

i. e. saturated and as low as 0.002M, all
the bacteria in the mixture were killed
during five minutes. A saturated solu-

tion of ferric chloride was slightly ef- -

fective after fifteen minutes and reached
a maximum in about thirty minutes, No
dilutions of the salt were effective. A sat-

-

urated solution of copper chloride re-
quired one hour before it could be said
to have a disinfecting action, and a sat-
urated solution of copper sulfate requir-
ed two hours. The saturated solution of
aluminum chloride inhibited but did not
prevent growth -thruout two hours. Con-
centrated hydrochloric acid was effective
as a disinfectant within five minutes,
but ten per cent and one per cent solu-
tions required one hour. The bacteria
withstood the action of concentrated
sulfuric acid for more than five, minutes
but were killed in something less than
fifteen. Ten per cent solutions requir-
ed two hours before they were effective,
Lower concentrations of the reagents
than those mentioned had no perceptible
effect. There was no disinfecting, or
even antiseptic action, with the follow-
ing cations: Ammonium; calcium; fer-
rous iron; lead; magnesium; potassium;
sodium and zinc. The anions chloride
and sulfate exhibited no toxic proper-
ties. *

We are thus led to conclude with re-
gard to the electrolytes in their direct
action upon bacteria that, to disinfect or
sterilize chemically, it would be neces-
sary in the case of mixed cultures of
bacteria to use concentrations which

*In regard to the terms antiseptic and disinfect-
ant we follow the accepted wuse in bacteriology.
The term antiseptic is taken to mean either neu-
tralization of toxin or to inhibit bacterial growth,
while disinfectant means to kill or cytolyze the

bacteria and stop growth, permanently, of bae- -
teria’ present. .

o T T
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# represents growth;

- represents no growth.

0.5 ¢.c.

INFECTED ]

[EDIA

0.5 c.c. REAGENT

5M React'n

15M Reactn

30M Reactn

1Hr Reactn

2Hr React'n

24 h

48 H

24 H

48 H

24 H 48 B

24 H

48 H

24 H

48 E

8¢

#HHH

—— ——
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TABLE II (Continued.)

RESULTS ¢

# represents growths

- represents no growth.

CONTROL 0.5 c.c.

INFECTED MEDIA

0.5 c.c. REAGENT

MEDIA

BM React'n

15M Reactn

30M Reactn

1Hr Reactn

2Hr Reactn

22 H

48 H

24 H

48 H

24 E 48 B

2¢ H

48 H

24 B

48 H

24 H

48 H

HHH

would be prohibitive in connection with
electrolytic medication. It would not
seem wise to attempt to use about the
teeth the concentrated hydrochloric or
sulfuric acid which would be necessary
to kill any large quantity of bacteria in
a short period of time. Mercuric chlor-
ide is not advisable to use except exter-
nally, unless it can be reduced by the
body to HgCl (mercurous chloride or
“calomel”). The time and concentra-
tion necessary to disinfect with ferric
chloride or copper sulfate, for this rea-
son, makes these electrolytes almost pro-
hibitive. This statement of the case ap-
plies under the conditions which the

bacteria were killed in these experiments.
Tt is obviously impossible in practice to
bring about the total concentration with
which these results were obtained in
these tests.. The diffusion of a solution
from the pulp chamber to the periapical
or other tissues surrounding the teeth
would require considerably longer time
even with the electric current, and then
it is doubtful if the distribution could
be anywhere nearly as effective or un-
iform as in our experiments.
Referring to the work of others for
comparison Kronig and Paul (9) found

(9) 1896—Zeitschr—-Phys. Chem. 21, 414.

—"

[ ———
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that the number of colonies of bacteria
depended upon the time during which
the toxic reagent acted and upen the con-
centration of the solutions. They found
that the more dilute the solution the less
was the action. They used pure strains
of bacillus anthracis and staphylococcus
pyogenes aureus distributed on garmets
to insure uniform amounts of the flora.
The only other results known to us which
are comparable are those of Sternberg
who used five cubic centimeters of rea-
gent and five cubic centimeters of a bac-
terial culture in media, allowing the ac-
tion, in every case, to proceed for two
hours.* _Sternberg found that the mini-
mum concentration of five reagents
required to kill bacteria was as fol-
lows: (10)

HC1 NaOH
Anthrax 1:1100 1:450
Diftheria 1:700 1:300
Glanders 1:200 1:150
Tyfoid 1:300 1:180
Cholera 1:1350 1:150

Boer (11) found that in two hours it
required HC1 in the following concen-
trations to kill:

Anthrax b. 1:1100
Diftheria 1:700
Glanders 1:200
Tyfoid 1:300
Cholera spir. 1:1350

Kitasoto (12) found HNO, required

as follows:

Cholera spir. 359 HNQ; 5 hrs:
Tyfoid 35% HNO; 5 hrs. .

KOH was found to require

Pus cocei 109 KOH 2 hrs.
T..B. bac. 109, KOH 24 hrs. failed to kill.
Tyfoid 0.18% KOH 5 hrs. killed.

NaOH Kitasoto found to be the same
as KOH.

While it is somewhat out of place in
this discussion it will be well to mention

#Qther investigators allowed the reaction to pro-
ceed for twenty-four hours and most of them in-
troduced only an amount of bacteria which could
be carried on a platinum loop into relatively large
quantities of electrolyte solutions, thus making it
difficult to compare results.

(10) Sternberg, G. M., Manual of Bacteriology,
Y. 1893, .

(11) Boer, ¢f. Sternberg loc. cit.
(12) Kitasoto, cf, Stermberg loc. cif.
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here the action of chlorin as a disinfect-
ant. Prinz (13) writes

“The ionization of a one per ceni. sodium chlo-
ride solution by means of the galvanic current
within a root canal furnished free chlorin in
‘status nascendi’ in the presence of moisture and
body temperature which is most active, and ad-
mirably sulted for our purposes. The free chlorin
sterilizes the walls of the root canal—and bleaches
the discolored dentin. Incidentally, the foniza-
tion of salt water furnishes an appreciable amount
of hydrochloric acid which acts as a superficial
golvent of tooth structure, and thereby enlarges the
root canal.”

"From this quotation we might under-
stand that the chloride don is a disin-
fectint because of the author’s use of the
word “ionization.” We believe, however,
after careful inspection, that Prinz does
not mean ionization, but electrolysis.
Regarding the action of electrolytic pro-

AyCl; AgNOs CeHs0H
1:8000 1:20000 1:300
1:1000 1:2500 1:300
1:400 1:4000 1:300
1:500 1:4000 1:200
1:1000 1:4000 1:400

ducts we will speak later under the head
of electro-chemical action upon bacteria
but we will here make clear the differ-
ence between the action of ionic (charged
molecular or atomic) chlorin and gas-
eous (electrically mneutral) chlorin.
There is danger of confusion in the use
of the terms, by authors in the dental
literature.

The chloride ion as dissociated from
any neutral salt or hydrochloric acid in
water solution (that is, femic chlorin)
is not a disinfectant. Our experiments,
for example, referred to above (where
we used highly dissociable chlorides) ex-
hibited no toxic reaction with bacteria.
In all cases (in one series) the chloride
ion (anion) was present and in suitable
concentration to have disinfected, had
the ion possessed that property. This
result is in agreement with the findings
of many investigators. The chloride ion
(likewise the sulfate or nitrate ion) is

38é13)Prinz, H. Dental Cosmos, April 1917, page
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non-toxic, Plant and animal cells will
live for days, in mixture of neutral salts
(Ringer’s or Locke’s solution) where the
anion is chloride (also true of sulfate or
nitrate).

On the other hand, chlorin in gaseous
or molecular (electrically neutral or non
ionic) form is a disinfectant. It has an
affinity for hydrogen and releases nascent
oxygen. It must act, however, in the
presence of moisture, as Prinz indicat-
ed.* We may illustrate here that anthrax
spores, which had been previously dried
and exposed to 44.7 per cent dried chlo-
rin were not destroyed. Moistened
spores were killed in the same time with
four per cent chlorin. (10) |

We do not understand how “ioniza-
tion” of a sodium chloride solution will
liberate chlorin in such a form that it
will disinfect. It must be understood
that “nascent” chlorin (indicated by
Prinz) refers to the gas and not to the
ion, and ionization does not produce the
former, but the latter. It is the former
upon which the action of the hypochlo-
rite solution, suggested by Prinz,* de-
pends for its disinfecting property and
we wish to point out here that this action
is not direct but in reality by a secondary
or indirect reaction. The Dakin-Dau-
fresne hypochlorite solution is slightly

soluble in water and yields Ca(++},

C1¢) and (C10)®) jons. In the pres-
ence of catalizers the hypochlorite solu-
tion would decompose as follows:

hypochlorite :
2 CaCl (OC1)->»2 CaCl,4-0,

The germicidal action of the hypo-
chlorite solution js dependent, according
to Dakin, upon the formation of a chlo-
ramine group (NC1) (14) which is

* strongly bactericidal and non-irritating
to animal cells. With regard to the em-
ployment of electrically decomposed
chlorin from sodium chloride solution to

*loe. cit.

(14) Dakin, H. D., Proceedings Royal Society,
England, 1916, B. 89, 234.

sterilize root canals, we shall discuss
later.

One may conclude from these state-
ments regarding the direct action of elec-
trolytes in common use that, as used in
the experiments cited when acting alone,
i. e. without electric current, are either
(1) not effective in killing bacteria or
(2) are effective (a) only after consid-
erable time or (b) in short periods of
time, in concentrations which are not
easily used in dental practice. The sev-
eral electrolytes, the effects of which have
been thus studied, are those most used in
electrolytic medication or accessible for
use. Other electrolytes which may be

effective in usable concentrations, i. e. so -

as not to injure body cells beyond re-
pair, and to kill bacteria in periods of
time of two hours or less, have not been
studied within the knowledge of the
writers. It appears to us, then, that if,
with the aid of electrolytic medication,
up to the present, certain infections have
been checked, infected areas sterilized, or
repair instituted as a result of the action
of electrolytes or their ions, it is not a
direct independent effect of electrolytes
upon the bacteria.

GarLvanic CURrReNT AND Living Tis-
SUES.

The action of direct current upon
bacteria has not been studied carefully
to any appreciable extent. Becquerel,
Davey, Fabre, Paleprat, Guardana, d’
Hahn, Hassenstein, Mangani, Priestly,
Sigard and de la Fond investigated the
action of galvanic current upon tissues
between 1870 and 1875. Cohn and
Mendelsohn in 1883 reported some stud-

ies of the effects of low galvanic currents-

on bacteria in nutrient solution, and this
work was continued by Prochowink and
Spaeth in 1890. Apostoli and Laquer-
riers in 1890 tried currents of 100-150
milamperes in nutrient medium and re-
ported them efficient in killing bacteria,
attributing the results to electrolytic pro-
ducts. Versoogen reached the same con-
clusion in 1891 after similar experimen-

SENS————
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tal work. Zierler and Lehmann (Wurz-
burg) in 1900 gave a detailed account
of the action of galvanic current on bac-
terial infection of root canals. None of
the evidence from these investigators is
as conclusive in telling us about the ac-
tion of the current as is that from the
researches of Loeb, Maxwell, Jennings,
Kithne, Nernst and others working to
give a physico-chemical explanation of
the phenomena involved. The results of
older investigators were . conflicting;
sometimes indicating that electric cur-
rent would kill bacteria, at other times
it would not. The physico-chemical
studies have given us very definite ideas
as to how the current acts and have es-
tablished the fact that it may stimulate,
depress, or even cytolyze tissue cells, We
now know that the ions move under the
influence of the electric current in the
living cells much as they do in a battery
—going to the opposite faces of the
membranes—the’ physiological “poles”
of the cells acting like electrodes. In
this manner we would suppose that the
ions in the medium surrounding the
cells can be accumulated at the mem-
branes. We have thus an effect not un-
like polarization in a battery. We now
know also that other particles suspended
in liquids move with the current. Col-
loidal particles and even bacteria may be
carried in a definite direction by such
means (cataphoresis).

In the case of the body with which
we are especially concerned, it conducts
electricity like a liquid

“in which,” as Loeb says, *“the current is carried
by the dissociated ions or such colloidal particles
as possess an electric charge. The concentration
of the colloidal particles is very small compared
with that of the electrolytes in solution, so that the

conduction of the latter one is mainly or practi- .

cally exclusively responsible.” (15)

Two effects are produced by the con-
stant current in living tissue—one fol-

(15) Loeb, J., Dynamics of Living Matter, Mac-
millan, N. Y. 1906, page 98.

lowing any rapid change in the intensity
of the current, the other
‘“thruout the whole duration of the current and
congists in an increase of irritability at the cathode
and a decrease at the anode.”

The work done by the current in pass-.
ing thru a liquid conductor
“congists, first, in the pulling of the ions thru the
liquid to the eléctrode and, second, in the with-
drawal of the charges from the ions and the trans-
formation of the latter into uncharged atoms at
the electrodes.”

Loeb and others believe that the latter
is unimportant: Koller (16) attempts to

~make use of the transference of the

charge from the ion to the tissue, consid-
ering that the charge now given up to
the tissue cell (not to the electrode) is
the principal factor. On_this question
there is no evidence known to the writ-
ers. It seems from the evidence which
is at hand that the physioclogical actions
of electric current are due almost wholly
to the increase of the concentrations of
ions at the electrodes. Now, it is espec-
ially significant that the membranes may
serve as electrodes, in many cases where
the radicals or ions are precipitated in
their uncharged form unlike the action
at the poles of a battery where polariza-
tion phenomena occur.

Two other effects are recognized in -
connection with the passage of electric
current thru Tiving tissues. One of
these is the rise in temperature. In 1898
(17) one of us (Price) considered that
the rise in temperature was important
and calculated this rise in degrees cen-
tigrade, per second. = Without consider-
ing opposing forces such as radiation,
the increase was calculated as 4.04 de-
grees cent1grade per second. This was
in thetissue in the apical foramen. The
effects of temperature are, of course, im-

(16) Koller, H., Correspondenz-Blatt fiir Schwei-
ser Aerzte, Basel, April 28, XLVII, No. 17, pp 513-
44 and No. 16, p 485.

(17) TItems of Interest, May 1898.
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portant in living phenomena, heat rigor
in muscle beginning at 42 degrees centi-
grade, and probably some type of coagu-
lation changes taking place in other tis-
sues. The action of heat is reversible
~up to a certain point but if the tempera-
ture is changed suddenly, or maintained
for any length of time beyond the normal
range, it is irreversible. The tempera-
ture to kill bacteria, however, is consid-
erably beyond what the body will toler-
ate, requiring a temperature above 50
degrees centigrade for some time. In
some cases, with spores, a temperature
of 120 degrees centigrade must be
maintained for thirty minutes. No such
temperature would ever be reached in the
body without destruction of vital cells.
In this connection we have found in a
series of tests that, if the temperature
were maintained constant and below 37.5
degrees, the passage of direct current of
100 volts thru a culture of bacteria for
fifteen minutes is of no effect. Without
preventing the rise in temperature the
same current inhibited the growth in one
minute and disinfected it in five minutes.
_ This current is, of course, impossible of
attainment with a patient for any length
of time, not even an instant.

There is also the effect of very weak
currents in living cells. In the case of
Actinospherium (a single celled animal
used to demonstrate this electrical effect),
Kiihne reports thus: '

““When subjected for some time fo constant cur-
rent it begins to disintegrate on the anode side.

This is a purely electrolytic effect, not one which
could be considered stimulating.”

Phenomena of secretion are also pro-
duced -by the constant current which, in
the case of Amblystoma (a salamander)
reported by Loeb was shown to be a
direct effect on the gland cells of the
body surface.

“When a current is sent thru a trough filled with
water which contains an Amblystoma, a secretion
of whitish mucus appears on the skin wherever the

outside of the latter is struck by the current waves
emanating from the anode.”

THE JOURNAL OF THE NATIONAL DENTAL ASSOCIATION.

If paramecia (another single celled-
form) are subjected to constant current
“the effect is such that the position of the cilia on
the side of the cathode is altered while on the side

of the anode the cilia retain their normal position,
provided the current is not too strong.”

This effect is produced mechanically,
and chemically as well. Effects of this
kind are presumed to occur with bacte-
ria, and like effects probably take place
in the body during infection.

We believe from this that there is no
evidence to justify the assumption that
galvanic current can sterilize infected
tissues in the body by killing bacteria
directly, without serious destruction of
body cells. The current would act as
we have seen by precipitating the ions
at the bacterial membranes if it would
act at all and thus, by changing the
electrical and chemical ccndition, lead
to cytolysis. But this same action is
going on with the body tissue cells.
There appears in the case of the body,
as we know, a characteristic regulation
and change during the passage of per-
ceptible weak galvanic currents, (such
as are used in electrolytic medication).
The cells presumably accomodate them-
selves to the movement of the ions while
the current is flowing. They are affect-
ed only by a sudden increase or decrease
in the intensity of the current (sudden
accurnulation of ions). As we have
found no evidence to the contrary and
in our experiments bacteria were not
killed. during the passage of constant
current, we presume the bacteria, like-
wise, take care of the polarization,

ELEcTRO-CHEMICAL EFFECTS.

In possible contrast to the action of
electrolytes and constant electric current,
independent of each other, we shall now
be concerned with their combined (elec-
tro-chemical) action. The impression
of most of those who use electrolytic
medication seems to be (1) that electric
current will drive ions into tissues which
they could not otherwise penetrate, (2)
that the electric current dissociates -
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(“ionizes”) the electrolytes in the solu-
tion, or the electrode in the tooth (root
canal), or both, and (3) that there is an
electrolytic action in the tissues. This
impression has been favored by experi-
ments of Prinz, Sturridge, Jones, Finzi,
and others, in the following way:

Experiments by Finzi (18) are report-
ed by Jones (19) and Sturridge (20)
where potassium ferricyanid ions were
carried into the tissues of “cats, rab-
bits, a monkey and a dog,” by electric
current. Without the current it is re-
ported that the ions had not penetrated.
Leduc is reported by Sturridge (21) as
having used colored ions and demon-
strated that they penetrated into the
body. Permanganate of potash ions were
employed on both arms where the elec-
trodes were in contact with the flesh. At
the positive pole no staining took place
while at the opposite pole a brown punc-
tate rash appeared. Sturridge (22)
demonstrated the movement of copper
and iron ions into coagulated albumen,
noting the movement of green (cupric)
ions and blue (Turnbull’s, not “Prus-
sian” blue,) indicating ferrous ions.
Prinz has introduced two experiments
to indicate the migration of chlorin. In
reality he has demonstrated the move-
ment of the hydrogen ion. In one case
a tube of an alkalin gelatine solution,
“containing 1% of sodium chlorid, col-
ored pink with phenolphthalein,” has a
platinum electrode in each end.*

With the passage of an electric cur-
rent hydrogen ions migrate from the
anode toward the cathode and hence

(18) Finzi, N, 8., Brit. Med. Journal, Novem-
ber 2, 1912,

(19) Jones, H. Lewis, “Ionic Medication,” 1914,
2d Ed.

. {20) Sturridge, E., “Dental Xlectro Therapeu-
tics,” 1914, 216.

(21) Sturridge, E., Loc. Cit. p 218.

(22) Sturridge, Royal Soe. Med. Odontological
Section, 1912, and loc. cit. 214, Vol. 5, p 102,

*This is an adaptation of Sir Oliver Lodge’s
egpierimem to show the velocity of the migration
of ions.

make the solution in the region of the
anode colorless. This change of color is
due to the transformation of the phenol- .
phthalein. In alkalin solutions a seo-
dium salt of phenolphthalein is formed
which dissociates into the cation sodium
and a colored complex organic anion.
The presence of hydrogen ions forms un-
dissociated  (colorless) “molecules, a
quantity of which leads thus to the
change of the color of solution. (This
cannot be attributed to chlorin). In a
similar experiment Prinz has the anode
passing thru the foramen of a tooth. As
before, the change of color is due to the
migration of the hydrogen ions, from the
anode. Jones, further, in an experiment,
has demonstrated that jons will pene-
trate bibulous paper to a considerable
depth.

The experiments cited are unsatisfac-
tory because (a) definite concentrations
of reagents are not reported, (b) the de-
struction of body tissue cells and the
disinfection of bacteria are not taken
into account, and (c) the conclusions do
not apply directly to the conditions as
met with in electrolytic medication. In
other words, these experiments do not
demonstrate that the ions employed are
toxic to bacteria in the concentrations
used nor that they will sterilize infected
tooth or periapical tissue—the objectives
of electrolytic medication. Hence, we
believe that it is essential to consider the
electro-chemical effects from a different
angle than heretofore.

Tt is surprising that, in discussions
regarding electro-chemical actions ac-
companying electrolytic medication, the
structure and functions of the body tis-
sues and their role as physical and
chemical forces have been overlooked.
This has led to many misconceptions.
For example, the results of Finzi and
others have been taken to indicate that
ions would penetrate to the periapical
tissues from the pulp chamber and root
canal with a direct current flowing. We
have found that this is not wholly true




616 THE JOURNAL OF THE NATIONAL DENTAL ASSOCIATION.

for some ions will not penetrate the tooth
wall and their conduction thru the peri-
apical foramen is liable to be altered by
the ebullition of gas. The migration
velocity of the ions in use appears on
calculation to be so slow that it is doubt-
ful if the ions in the solution in the pulp
chamber actually reach the periapical
tissues. A further consideration of the
results of some investigators has led us
to presume that the reported effects of
electrolytic medication must be referred
to something other than the ions con-
tained in the solution, which is placed
in the pulp chamber, or the electrode in
use. N

It will be necessary, to make this
clear, to discuss the questions in the fol-
lowing way. So far as the physical
effect of the electric current upon the
ions, in a liquid, is concerned it is to
increase the diffusion in a certain direc-
tion. One result of the passage of the
current is thus to increase intensity of
the ions at certain points in a mean path.
The electric current thus directs the ions,
those ions moving to the anode are called
anions, those to the cathode cations, after
the original nomenclature of Faraday.
The electricity cannot flow thru a liquid
conductor unless there are ions to con-
duct it.

It will be of value here to review
the development of this conception.
The determinations of osmotic pressure
by Pfeffer, De Vries, Van t’ Hoff and
Arrhenius indicated that there were two
classes of substances, one group which
conformed to a theoretical conception of
the chemicals, and another group which
were extreme exceptions to this formula-
tion. The former group includes the
sugars, the latter, acids, bases and salts,
It was observed that the latter group in
water solutions conducted electricity
while the former did not, and thus it
appeared that there must be some con-
nection with the acids, bases and salts
and the galvanic stream. The acids,
bases and salts, it was also noticed, did

not conduct electric current in other sol-
vents to any marked degree. In water
it was found that HC1 exerted twice the
effect upon the freezing point (a physi-
cal test of osmotic pressure) that it would
bave if it acted as a gas and thus it
seemed as tho it must be split up into
two parts, H and Cl. But hydrogen
and chlorin were known to exist when
gases as H, and C1,. It was at first dif-
ficult to understand what happened to
the HC1 in the solution. It had been
observed that the passage of electric cur-
rent thru a liquid is accompanied by the
transference of matter, for example, the
ions, to which we have referred. It is
associated also with either the solution of
the metal of the metallic electrodes or the
separation of the substance in the solu-
tion and its deposition on the electrode.
Dry HC1 gas does not conduct electric-
ity. There is no.conduction with very
pure water bétween the poles, say, of a
battery. The current, however, does
pass freely when the HCI1 is dissolved
in the water. Now free chlorin sepa-
rates at the anode where the current en-
ters the solution and free hydrogen at the
cathode where the current leaves the
solution. One component, then, wan-
ders in one direction, the other in the
other direction. Faraday called these
wandering particles “ions.” The pas-
sage of positive electricity into the solu-
tion at the anode is associated with the
separations of anions and the passage
of the positive electricity out of the solu-
tion into the cathode is associated with
a separation of cations. The term dis-
sociation had been early applied to the
separation or cleavage of larger into
smaller molecules, or molecules of one
into molecules of a different species and
was utilized here, the phenomenon being
termed “electrolytic dissociation.” Some
have spoken of it as “ionization” but
this term is reserved by a growing group
of scientists to apply te the formation
of ions in gases produced by the action
of Rontgen rays and the like. From~
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experiments, it is known that molecules
do not always split up into the ions in
the same way, nor do all of the mole-
cules entirely split up. Some portions of
the bodies remain in the solution as un-
decomposed molecules which are electri-
cally neutral and do not, then, conduct
electricity. H,SO,, for instance, splits
up into H-+}-, and HSO,—,0r in more
dilute solutions into 2H-- and SO, —.
- If, now, in a water solution of HC1
we place two platinum electrodes and
connect these with a source of galvanic
current one plate, connected with' the
positive pole of the battery, is charged
positively and the other, negatively. The
free electricities of the electrodes
act upon the free ions which are charged
with free electricity attracting the posi-
tive ion by the negative electricity of the
cathode to the negative pole, and the
negatively charged ion to the anode, the
positive pole. No such force will be ex-
erted upon the neutral molecules. The
same quantity of electric current sets
free chemically equivalent quantities of
the most various ions from the most

. various solutions. This is Faraday’s

law. This law, of course, applies to the
quantity of each ion which is deposited
as neutral molecules ‘at the electrodes and
not as Prinz (23) would have us under-

stand to the production of ions in the -

solution.  Electrolytic dissociation and
the deposition of ions at the electrodes
with the passage of electricity is one
thing; the production of ions by the
cleavage of a salt, acid or base, in the
solution apart from, and independent of,
the passage of electric current is dis-
tinctly another. Confusion here makes a
tremendous difference in one’s concep-
tion of electrical and ionic action. The
ions, then, do not depend upon the cur-
rent but the current depends upon the
ions (24). : .
Since Sturridge (25) suggests that one

(23) Prinz, Loc. cit.,, p 379

(24) Adapted from Nernst, 6th Edition, “Theo-
retical Chem.” p 356.

{25) Loec. ¢it. p 245,

can “dissociate a particular ion” at the
anode and send it into the tissue by the
aid of the current, we may consider
this point. This author states that the
zinc ion will dissociate from the chlorin
ion at the anode. In his text he specifies
a zinc electrode in a zinc chloride solu-
tion. Apparently he neglects the zinc
ion dissociated from the zinc chloride
and proceeds fo speak of the thera-
peutic value of the zinc ion from the
electrode. If the electrolytic dissociation
theory is true there are zinc ions thruout
the solution wherever the zinc chlorid is
dissolved. A zinc electrode placed in
this zinc chlorid solution- throws off a
few ions—before the current is turned
on—and then no more of the metal
ions go into solution. A balance exists—
or as we speak of it physically, there is

“equilibrium.” No more zinc ions, be-

yond these few, will go into solution even
if the solution be pure acid or there be
acid in the zinc chloride solution. But if
in the solution a platinum strip be plac-
ed and connected with the zinc strip, the
equilibrium is disturbed. More zinc
ions go into solution. With acid present
hydrogen ions from the acid give up
their charge to the platinum and escape
as gas. The platinum now becomes pos-
itive with respect to the zinc and a posi-
tive charge flows from it to the zinc.
The zinc having received positive elec-
tricity can begin dissolving anew and
continue to pass into solution as long as
it receives positive electricity from the
platinum, that is, as long as. there are
any hydrogen ions in the solution to fur-

nish positive electricity to the platinum. -

The passage of an electric current as
from a battery thru a zinc chlorid solu-
tion with a zinc electrode as anode, and,
let us suppose, a platinum electrode as
cathiode results in a similar transforma-
tion. As fast as the zinc ions are sepa-
rated out of the solution at the cathode
zinc would dissolve at the anode,
the metal electrode throwing off cations.
Even in a sodium chloride solution this

[
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would result. For as fast as the cations
(sodium in this case) in the vicinity of
the cathode are precipitated upon the
electrode the zinc electrode would dis-
solve, sending into solution just as many
ions as are separated at the cathode.
Since Prinz doubted the presence of
zinc in a sodium chloride solution under
the above conditions, and there is no
theoretical explanation why they should
not be present, we experimented as fol-
lows: A zinc and copper electrode were
immersed in a beaker with twenty-five
cubic centimeters of a one per cent
sodium chloride solution,* and a cur-
rent of five milliamperes was passed
thru the solution in the direction of zinc
to copper. One cubic centimeter samples
were removed every fiftéen minutes for
two hours. One cubic centimeter of an
ammonium sulfide test solution was add-
ed to the portion. In one hour traces of
zinc were visible and the precipitate was
increased noticeably in the samples taken
after a longer time of action. (Tests of
the sensitivity of this particular reagent
indicated that one part of zinc in 20,500
parts of solution could be detected).

‘This appears to verify the statement that .

zinc jons exist and indicates that they
can be detected in a sodium chloride
solution after the passage of an electric
current of 5 ma, if sufficient time is
allowed. Six minutes allowed by Prinz
(26) was too short a time for enough
zinc to dissolve from the anode so that
it could be detected by the reagent. As
will be seen in our tests, it required one
hour for more than one part of zinc in
20,000 parts of solution to be present.

It will.sbe of interest here to discuss
the migration velocities of the ions, since
in electrolytic medication it is presumed
that the ions (the supposed disinfecting
agents) will travel from the root canal
to the periapical tissues during the time
of medication. Now hydrogen, the fast-
est moving ion, penetrates a gelatine so-

*Prinz, loe. cit.
(26) Prinz, loc. cit. p 381.

lution (where water is in the usual
physical sense the “continuous” phase)
to a depth of 0.18 cm, or 0.02 of an

inch per minute with a gradient of one -

volt. Other ions move from five to ten
times as slowly or one-fifth to one-tenth
as fast. Zinc would penetrate under the
same conditions a little faster than 0.003
of an inch per minute. If a metallic ion
traveling as fast as zinc actually diffused
thru the tooth structure or the apical
foramen, the amount in fifteen minutes
at this rate would be small; but as we
shall see presently ‘the physical condi-
tions of the tooth are not the same as in
a gelatine or water solution.

We have, thus far, in dealing with
the electro-chemical phenomena, consid-
ered the condition as similar to a battery,
that is, two electrodes separated only by
a liquid. We must now observe what
conditions obtain where the electrodes
are separated by liquids either side of a
semi-permeable membrane a porous par-
tition like the tooth wall, by a capillary
like the root canal, and by body tissues

We began our experimental work upon
this question by assuming that the devi-
talized tooth was a porous partition not
unlike a clay wall. We reasoned that if
this were true we could determine ap-
proximately the flow of catiohs or anions
thru the pores in unit time, and, by cal-
culating from the amount of disinfecting
ions necessary to sterilize a definite

"quantity of infected tissue, we could de-

termine the time necessary to disinfect
under more or less definite electrical and
chemical conditions. But not only did
we find that the ions we used would not
kill bacteria, we found that the cation
zinc and the anion iodide (two suppos-
edly reliable disinfecting agents) would
not penetrate the porous partitions we
used. Copper we found would pene-
trate where zinc would not. It made no
difference what concentrations or what
quantity of solution we used, similar
results were obtained.

Our experimental cells were as fol-
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lows: (a) “porous cup” of a battery:
(b) Berkfield (clay) and Alundum fil-
ters; (c) porcelain tubes of the average
volume capacity of a tooth; (d) freshly
drawn teeth with apex sealed. The “set
up” may be illustrated as follows:

I
|

| .
| - | Membrane
Zn | ZnSO, |
| | Partition

l
or NaC1 \l Pt
|

]

SCHEMATIC ARRANGEMENT.

FxPERIMENTAL DrrrusioN CELLS

i

ziae_red

. baygspes el

setutien

/""7?'" e o efa
Brtition

i

Ba”‘c'r’

?l}ur'e g )
: ElecrrtyVié Medication
of sod Frove

The solutions in the inner and outer
chambers were always adjusted - to the
same level and were made up of equal
osmotic pressures. The quantities were
veduced to very small volumes in some
cases and relatively large in others. For
example, the teeth and small porcelain
tubes would held 0.1 te 0.5 c. c. and
were immersed-in 0.5 c. ¢. to 1 ¢. ¢ the
filters held 2 c."c. and were immersed in
10 ¢: c.; the porous cups holding 25 c. c.
were in. 30 c. c. of solution. The appa-

ratus available was not ideal but the
best at hand. The osmotic pressure
which the porous partitions would sus-
tain, and the total cross sectional area of
the pores, could not be determined with
means and time -at hand.. In every case
a constant current was passed thru the
cells for nearly three hours. The cur-
rent used varied from 0.2 ma to 5 ma
and the potential was from 2.4 volts in
some cases to 28.5 volts in others. 0.5
c. ¢. samples of the sodium chloride solu-
tion were removed at intervals of five
minutes up to thirty minutes and ‘every
15 minutes thereafter.  To this was

" added an equal quantity of one of three

reagents of known' sensitivity, viz. nor-

“mal* Na,CO,, normal potassium ferro-

cyanide, and an ammonium sulfide solu-
tion prepared by saturating 300 c. ¢
6-N NH,OH with H,S, adding 200 ¢ ¢
6-N NH,OH and diluting to a liter. In
spite of careful tests ‘where the reagent
was sensitive to as little as 1:300,000,
no zinc was detected after the current
had past for more ‘than' two hours.
With copper the tests with the potassium
ferrocyanide indicated its presence after
fifteen minutes. Potassium iodide could
not be detected with soluble starch solu-
tion— (0.5 gm in 25 ¢ ¢ of boiling
water) under similar conditions to those
with .zinc and copper. - These experi-
ments indicated to us that the tooth and
clay or porcelain wall was impermeable
to the zinc and iodide ions, but not to
copper. Other investigators. have ' re-
ported similar results (27).

An explanation of these results in-
volves a consideration of the size of the
pores, the size of the iong; the ‘speed of
migration, the electrical condition of the-
porous partition and the chemical con-
dition of the ioms. It has been found’
that the tooth ‘wall bears a negative elec-
tric charge to water like clay ahd porce-

#“Normal”’—chemical equivalent weight in liter
of solution. . -

(27) McClendon—*‘Physical’ Chem. of Vital
Phenomena,” 1917, pp 104-08. .




lain. This would account for the oppo-

sition to the anicn iodide under scme
conditions. In expe.iments where Al Cl,

.was added, the charge was. reversed and

the iodide was found to penetrate, demon -
strating that this is Ppresumably correct:
Zinc ions would not reverse the charge
of the partition. With zinc sulfate
in the anode chamber in the case of large
pored partitions, it .is conceivable that
the positively charged zinc ions are at-
tracted to the partition and held there,
forming a positive layer, blocking the
passage of any more cations thru the
pores. The bulk of the current would
be, in such cases, conducted by the an-
ions. In the tooth the pores are infinitely

smaller and the anions would be repelled -

by the negative charge of the wall. As
the current flowed thru the wall and uc
zinc ions were detected chemically as
having passed thru \verified also electro-
metrically), we assume that the current
was carried mainly by hydrogen and
chlorin ions, It is possible that hydra-
tion of the zinc ions occurred and hence
the ions so enlarged were not able to
Denetrate the pores. Copper supposedly
is not enlarged and thus may penetrate
readily. These questions must be fur-
ther investigated,

To determine whether the ions had
free access thru the apical foramen and
what factors were involved in the con-
duction of the current from the pulp
chamber to the surrounding tissues, par-
ticularly the proportion of current pass-
ing thru the apical foramen to that thru
the lateral walls to the peridental mem-
brane, we have made the following ex-
periments,

In the literature on ionic medication the authors
seem to have taken for granted that the current

Wwas being delivered to the tissues involved. This”

problem of current path had previously been stud-
ied by one of us, (Price, Items of Interest, May
1898) in connection with cataphoresis.

In tables ITT and IV we have deter-
mined the influence of the position of the
electrode on the conductivity thru each
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the apex and lateral walls, and the ratio
of the current carried thru the apical

- foramen when the electrode is within

one-eighth of an inch of the apex, to the
current carried by that same column of
normal =1t solution when the electrode
is placed in the pulp chamber, usually
producing a column about one-half an
inch, or a little less, in length. In these
series we have also studied the influence

the various positions of the electrode

have had upon the current conductivity
thru the lateral walls of the tooth when
the apex was sealed. These observa-
tions demonstrate that the position of
the electrode ha: a great deal to do with
the quantity of corrent that can be
carried thru each ite root apex foramen
and the root walls, I .he former if the
electrode is placed ‘just 1o " : exit of fhe
foramen, tho not beyond, the ratio of
current to that carried when it is within
the pulp chamber ranges from two to
one to eighty-six to one, with an average
ratio of twenty-six to one. This dem-
onstrates the importance of extending the
electrode to the apex. The influence of
these variations of position of the ey=c-
trode upon the conductivity thru the root
walls is not nearly so great, averaging
only as two is to one. This emphasizes
the necessity that the electrode extend to
the apex. The results of the series also

indicate the actual current conductivity

thru each the apical foramen and the
lateral walls and express them relatively
to each other; the actual carrying capac-
ity of the lateral walls as compared with
the foramen, using for the ratios the po-
sition. of the electrode one-eighth inch
from the apex. It is much the greater,

varying from equal to sixteen to one in’

the extreme, with an average in the
series of three to one. Since the patho-
logical condition is presumed to be
directly related to the foramen and
quite limited to that area of the tooth,
in such cases as would be considered
favorable for this method of treatment,

T i
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we must conclude that with theelectrode
placed to about one-eighth of an inch
from the apex, only one-fourth: of the
total current could be passing: thru the
pathological tissue, and the other three-
fourths would probably be penetrating
normal tissues. In- this series. we have

621

~In Table V' we have determined the

" difference in the conductivities, whether

a platinum - electrode ‘i5-used ‘or a 'zinc
electrode, and also the amount of current
carried thru each the apical foramen, the
apical half of the root wall and the ging--
ival half of the root wall, as well ‘as to-"

iE ELECTRICAL CONDICTIVITY OF DIFFERENY STEUCTURES AND CHANNELS OF THE TEETH . . .
INFUIERCE ‘OF THE POBITION OF THE BLECTRODE ON THE CORDUCTIVITY THROUGH EACH THE APEX & LATERAL WALIS
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reduced the conductivities thru the vari-
ous paths to ohms resistance, as well as
expressing them in milliamperes carrying
capacity.  We have also determined the
‘ratio of the conductivity thru the ging-
ival half of the root wall to the apical
half, not including the foramen. These
show a wide variation but in the major-
ity of cases the conductivity is greater
thru the gingival half of the root walls
than the apical half. :

verage 20t

T Avg’raae; 241

tals. The rate of generation of gas is a
little greater with platinum than with-
zinc in a sodium chlorid solution, the
gas being different and the conductivity:
is, accordingly, generally greater with
the zinc electrodé than with the plati-
num. While this series shows a wide
variation in the ratio of conductivity
thru the lateral walls of the root to
that of the apical foramen;the average for
this series is as four is to one. In other
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words, ene-fifth of the total current flow-
ing would, on the average, be passing
thru the foramen to the pathological tis-
sue and four-fifths to the healthy peri-
dental membrane thru the latera] walls,

In Table VI we have studied the. con-
ductivities thru apices and lateral walls

-004”. 10 .0065”; or entirely blocked in
Nos. 37 and 46. It is interesting to
note that, while the apex of No. 38 was
blocked" against the wire used, the con=
ductivity indicates that the foramen is
at least medium in size and the shape of
the canal undoubtedly prevents passing .

‘THE ELECTRICAL CONDUCTIVITY OF DIFPERENT STRIJ&TURESAND CHARNELS OF THE TEETH

INFLUENCE OF THE POSITION OF THE ELECTRODE ON ngngnm?gmvrn THROUGH ‘EACH: THE, APEX & LATERAL-WALLS

when the foramen: is very small or ap-
parently blocked. These have shown a
very high resistance thru the apex. It
will be noted that in the fourth column
of each of these charts we have recorded
the approximate size of the main apical
foramen. We could conveniently meds-
ure only one, namely, the one nearest in
alignment with the pulp canal.  In this
series (Table VI) the apices were from
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an instrument thru it. This series dem-
onstrates that when the foramen is small
it is a matter of wide variability as to
what the ratio of conductivity “of the

-wall will be to the apex. The same con-

ditions that produce the closing of the
foramen probably cause an increase in
the density, therefore the lowering of the
conductivity of the lateral ‘walls of the
tooth as well. There is also a very wide




POND PRICEk ELECTROLYTIC MEDICATION‘

P
(Table V) for example, had a foramen

0057 4n dlameter ‘and the’ tooth had;{f

extensive .excementosis. The walls~of f'the el ectrode in this'

the 'tooth were so poor ‘a conductor that/,

THE ELECTRICAL CONDOCTIVITY OF nxrmmr STRUCTURES AND CHANNELS OF THE rmn b
. COMPARISON. OF ZINC & mmmu AS ELECTRODES AND or cg:,?cuvnr Y mssrs-mcx or | mmr cunm'r mms

" In this class of ‘tooth we have include

amina. and thelr ﬁ"’ratlos 1o other path

foramma rangmg from .0055:+t0 0010
' gWe ‘have placed

se zinc, as far into V
the canal as possible and in no case did .. =

. practlcally no current. was carrled and it penetrate the apex, dlstant kfrom about

Foa | og | size | 1/8 inch

Seriel|Tooth| Ho. ‘Ayprui P, Eleotd. unl}sm.cu hpeex

: «}nn 1 To

| Rootd of "\ f - from | frew . | aly.
. : Cntrl e e
11 {Incsr| 2 0094 | 0

‘onlv a very small amount thru the apex.
Excementosis greatly reduces the con-

ductivity thru the root wall and, since

it is-apparently in many cases the result

of a local irritation in the form of an-

infection, we are not able to reach ‘that

infection by this means, even if it were
~ competent to destroy the organisms.

" In.Table VII we have studied the

conductivity of medium sized apical for-

: Lowey | == " w20 a2 | JBT  TLI0RE ;
219 Pl | Z0079 K J zmsn__zmn_Jnm_Jnmn__ﬁzm 1 z
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one smteenth to three s1xteenths of a
inch.” Two baths ‘were tested; “namely;
sodium chlorid and mercury. It will be: -
noted that the conductivity. of the rootp':
wall is’ very much greater in the teethf,
“in Table VII than in Table VI, which
'emphasmes the point mentioned relatlve—
to the teeth with small foramina, having -

" also an' increased resistance to the-cur-
rent in the root wall Generally, the,_
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cconductivity thru the wall is greater than
thru the apical foramen. In this series
the ratio of the gingival half to the
apical half of the root has considerable
* variation, the chances to passing current

streams being about equal. B

With Table VIII we have studied the
conductivity “of large apical foramina

THE JOURNAL OF THE NATIONAL DENTAL ASSOCIATION.

the root wall to the apical half is as two
is to one. ; '

In Table IX we have made a compar-
ison of the conductivity of different roots
of ‘multi rooted teeth. The. foramina
ranged in size from no opening to .0117
diameter, the latter being a child’s tooth
in which the conductivities were large

THE- ELECTRICAL CONDUCTIVITY OF DIFFERENT STRUCTURES AND CHANNELS F THE TEETH.
THE GONDUOTIVITY OF SUALL S1ZE APTCAL FORAMINA AND THEIR RATIO 70 OTRER PATHS
: — TABLE VI o :
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and their ratios to other paths. This
has included those between .008” and
.009”. These naturally show a marked
increase in the amount of current pass-
ing thru the apex and also a marked in-
crease in the conductivity of the lateral
walls. The ratio of the conductivity lat-
erally thru the walls of the tooth to that
passing thru the apical foramen varies
In quite a wide range, yet the average for
the series shows twice as much going
thru the foramen as laterally thru the
walls. The ratio of the gingival half of

thru each the apex and the lateral
walls. No teeth were used that were
extreme. The ratios of conductivity
show a very wide range, suggesting that
it is exceedingly problematical in each
and every case in the mouth which, of

_different roots, is carrying the most cur-

rent, and what their ratios will be, The
same is true of the ratios between apex
and lateral walls, which vary from one
to one to one to ten. There is a greater
variation, however, than in any other
series between the ratios of the gingival
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~ half and the aplcal ha,lf they bemg as - distance within the apex We have also” -
high s one to eighteen. The ratios be- determined the ratios to ‘the root walls '
tween the different roots range from five' under these conditions. Owing to the
“to one to ten to one. When an electrode - very greatly reduced - resistance of the

is passed thru the apex into a fluid be- circuit, when the electrode - was pa,ssed”
yond the root, the conductivity is enor- thru the apex, it was necessary to reduce -
mously mcreased both  because of the - our voltage to 0.1. The ﬁgures in Table:
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elimination of the resistance of ‘each the
small column of liquid in-the root canal
and foramen and of the lateral wall, and
is limited only by the voltage and the
“ability of the gas, formed at the elec—f
trode, to escape.’

In Table X we have made determma—
tions - of . ‘the - difference in conductivity
when a zinc electrode is extended thru
the apex, for from 1/16 to 1/8 of an

i mch to the same when placed about that~

X, therefore cannot be compared dlrectly L
with those in the previous charts where .
~voltages ranging from 5.5 to 6.6 were
used. ThlS will, however, not disturb =
“ the ratios. It will 1mmed1ate1y bé noted "7
that the ratio. of the conductivity thru -
‘the latéeral walls ‘to’ that thru the- aplcalf
foramen has been reversed from the con-.
dition shown in. previous  charts, ‘the”
-average being 5.5 to 1, whereas. the ra- ¢
tio of conductlvmes When the electrode i
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was withdrawn to 74 of an inch within
the apical foramen to that of the root
walls, averages one to ong, even with so
large an apical foramen. The most sig-
nificant factor is the ratio of the con-
ductivity with the electrode 1/16 to 1/8
of an inch beyond the apical foramen to
1/16 16 1/8 of an inch within, the aver-

‘We must not, however, consider, that our

difficulties are eliminated by passing the
electrode beyond the apex, for in so do-
ing the gas cannot readily be eliminated
as it dozs automatically from the pulp
canal. This will be discussed presently.

Another condition that must not be
overlooked is that of the production of

THE ELECTRICAL CONDUCTIVITY OF DIFFEHRNT STRUCTOURES AKD CHANKELS OF THE TEETH
THE CONDUCTIVITY OF LARGE 8IZX APICAL FORAMINA AND THEIR RATIOS TO OTHER PATHS
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age for which is twelve to one. This
very strongly emphasizes the necessity
for placing the electrode, if possible, not
only to the apical foramen but thru and
beyond it if the effects to be produced
are to be delivered to the periapical tis-
sues. This condition, however, is diffi-
cult with a zinc electrode where the for-
amen does not exceed in size .008” to
-010” of an inch. Such a foramen will
be found in the teeth of young people
or produced artificially by enlarging.
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heat by the passage of a concentrated
current.  One of us, Price, (28) has
previously estimated the heat generated
in the different paths of an electric cur-

rent passing thru the tooth and periapi- -

cal structures. Tt is not probable, how-

ever, that a sufficient concenfration of

current may. be used to considerably
raise the temperature for any considera-
ble distance from the electrode. If it were

(28) Price, W. A., Foundation ‘prinéiples of
cataphoresis—"Items of Interest.”—May, 1898, p.
344-376. .
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- possible the application of heat in this
form would ‘be an ideal way to sterilize.
. The age of the patient has a very
marked influence on the conductivity
thru the ‘lateral walls -of the tooth, as
well -as on the size of the apical fora-
men.

si al canal has been greatly enlarged it

will. not be p0551b1e to go beyond the
apex with a zinc electrode in a- large
number, if not the majority, of cases.
We attach our current to both these elec-

~‘trodes. What is the relative amount of

current that will be applied to the peri-
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When we apply these facts to the
actual and relative conductivities of dif-
ferent paths, as determined by different
conditions of apex and the root wall, to
our practical problems, we have some of
the following conditions to meet. Let us

suppose a lower molar has an opening

thru the distal root of .008” to .010”
thru which an electrode is inserted. A
second electrode is passed into the mesial
root as far as possible. Unless the me-

apical tissues of each root? Since the
distal electrode is passed bevond the for-
amen we have eliminated the resistance
of .the small column of fluid and its
obstruction with the gas of electrolysis.
The ratio of the conductivity of an api-
cal foramen of small size to one of large
will be as one to five or ten. (See Charts
Tables VI and VIII!) Passing the elec-
trode beyond the apex would increase
this conductivity still another ten to fif-
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teen fold (See Chart Table X). The
ratio of the current passing to the tis-
sues about the apex of the distal root to
the tissues about the apex of the mesial
root would probably be anywhere from
fifty to one to one hundred and fifty to

be left an open question for further re-
search.) The  conditions ' that obtain
with a three rooted molar with the elec-
trode passed thru the apex of any one
root would in general correspond, the
current always following the path of

THE. ELECTRICAL CONDUCTIVITY OF DIFYERENT STRUCTURES AND CIATFELS OF THE: TEETH
A COMPARISON OF THE CONDUCTIVITY OF A ZINC ELECTROLE EXTENDED THROUGH THE APICAL.
FORAMER ABOUT ONESEIGHTE INCH TQ THE SAME IN EQUAL DISTANCE WITHIN THE APEX. V.l

one. The logical procedure is to place
the electrode in one root at a time and
thru the apical foramen, if possible.
(This, however, does not yet provide for
the elimination of the gas, which, of ne-
cessity, forms about the electrode. We
see little evidence that gas is a good form
of medicament to be applied in the tis-
sues at the apex of the root, but this may

&5 Avg 12:1

least resistance, entirely irrespective of
distance or direction. We wish to em-
phasize this because some exponents of
this method have erroneously assumed
that' the current is projected from the
end of the electrode much as a high ten-
sion static spray or brush.

(Continued in o later issue.)
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