
THE _ RELATIVE EFFICIENCY OF MEDICAMENTS FOR THE

STERILIZATION OF TOOTH STRUCTURES . j

By Matilda Moldenhauer Brooka. A. B.. M. S.. and

Weston A. Price, M. S., D. D. S.

(From the Laboratories of the Research Institute of the National Dental Association, C leveland, Ohio. )

(Read before the National Dental Association at Its Twenty-First Annual Session, New York City, N . Y. .

October 23-26, 1917 . )

INTRODUCTION . the medical profession but also in th e

HE existence of bacteria was dis- dental field, and methods of treating

covered by Antony van Leeuwen-T putrescense in pulp canals began to be

hoek as early as 1675 but it was suggested . However, it was not unti l

not until 1860 that their importance as 1895, thru the brilliant researches of

causes of disease .was indelibly impress- Miller, Black and Williams, and late r
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This was the beginning of antiseptic sur- portance of dealing with xoot canals of
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namely, the relative efficiency of the
medicaments for the sterilization of tooth
structures, is much greater than has been
suspected by either the laity or the mem-
bers of the dental and medical profes-

sions, for the reason that medication has
not been doing what we supposed it was .
While this topic would include the ster-
ilization of infected tooth structures in-
volved in ordinary dental caries, we have
limited the study in this paper to the
sterilization of infected dentin and ce-
mentum as involved in root canal infec-
tion, following the death of the dental
pulp. Incidentally, it should be re-
called that infection of the dental tissues
constitutes not only probably the most
universal of all human diseases but by
many authors considered the most far
reaching in its effects by the production
of pain, and primary and secondary
lesions . Our problem even when limited
to the infected root tissues of non-vital
teeth concerns all -the .-members of the
dental profession, as well as the patients
whom they serve. It should be borne
in mind that infected dentin and cemen-
tum are the almost universal cause of
chronic periapical abscess, and the ulti-
mate cause of the loss of the involved
tooth root. This condition of infected
dentin and cementum, with. or without
the assistance of accumulated infection
in unfilled root canals, constitutes a con-
tributing cause of a large number of sec-
ondary infections and systemic involve-
ments. This is one of the most import-
ant unsolved problems connected with
the practice of dentistry of today.

It is an exceedingly difficult problem
of research to establish means for the
sterilization of tooth structures in a way
that will be without injury to the sur-
rounding tissues. Our profession has
not 'recognized its failures for several
reasons . In the first place the involved
tissues are very inaccessible, the ap-
proach being thru a small opening which
must be followed for considerable dis-
tance. The clinical evidence has been

exceedingly misleading to both patient
and dentist. The criterion of success
has been the local comfort and servicea-
bility of the involved tooth. We now
understand that these symptoms are not
dependable ; that the organism which can
produce a low grade secondary infection
frequently, if not generally, • . does not
produce a local irritation in the primary
lesion when these tissues in question are
involved ; that this infection of the den-
tin and part of the cementu'm can exist
without apparently influencing the
strength of the attachment of the tooth,
and indeed, may produce a condensing
osteitis which will increase the rigidity
of the infected tooth root rather than
diminish it. Another difficulty in study-
ing this problem is that of reproducing
the conditions involved. This is an im-
portant reason why more dependable
work has not been done . Observations
have been made by many men, as re-
corded in the dental and medical .litera-
ture . These have furnished the basis
for dental practice. It is important that
the literature be reviewed and summar-
ized, which we have, accordingly, here-
with, done quite fully.

HISTORICAL.

Dental literature contains innumerable
articles on the importance of the root
canal problem, and many methods for
the sterilization or "near" sterilization
of this field of infection. Necessary as
those first efforts are, they merely ap-
proach the ideal. A few of the most im-
portant articles are quoted which lead
to the present day status .

The first to demonstrate the presence
of bacteria in dental tubuli were Miles
and Underwood, followed by Miller,
who reviewed the researches of the for-
mer investigators and corroborated their
statements and Sewell in 188 5 (1) who
wrote extensively on bacteria in dental
tubuli . Ingersoll (2), Garretson in
1895 (3), Williams in 1892 (4), Kirk
(5), Grieves (6), Buckley in 1911 (7),

- 0
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Rhein in 1909 (8), Barrett (9), Gorgas
(10), Truman in 1896 (11), Abbott
(12), Ottolengui in 1914 (13), and oth-
ers are advocators of different methods
of disinfection, while Thoma (14) ad-
vises the use of mild antiseptics and
urges the operator to perfect his technic .

So many so-called antiseptics, guaran-
teed to produce certain results, are in
use by the dental profession today that
no uniform standard is maintained. As
a result of this diversity in the treat-
ment of root canals confusion exists and
queries from ocean to ocean voice this
sentiment . Many writers have seen the
lack of standardization in the treatment
of root canals, among whom Von Herff
in 1915 (15) in his short discussion of
the action of the various medicaments
used in dentistry, gives reasons for their
lack of efficiency, concluding that such
standard drugs as iodin, alcohol,
bichloride of mercury, cresols and their
compounds are all of no account as dis-
infectants.

Brophy in 1880 (16) states that car-
bolic acid and creosote have antiseptic,
but not disinfecting, powers. He does
not quote researches as evidence of this
fact, or any references to the effect that
these researches have ever been accom-
plished . LeRoy in 1897 (17) advised
deliquescent crystals of carbolic acid in
treatment of pulpless teeth.

The following will give a slight idea
of the non-conformity to standard meth-
ods: Burchard (18) mentions the use
of thymol and menthol, dissolved in gly-
cerine as a canal medicament. Bodecker
in 1886 (19), in discussing the relative
merits of iodoform, makes the following
statement : "I fill the pulp chamber
loosely with a piece of cotton saturated
with the iodoform solution, and tempor-
arily seal it . This plug I allow to re-
main from three to five days, before I
attempt to dean out either the pulp or
the root canal ." The inefficiency of this
method is proven by subsequent experi-
ments in this present research . Rhein in

1897 (20), in discussing the treatment
of root canals in abscessed conditions,
mentions pyrozone as possessing strong
antiseptical properties in the treatment
of root canals and canaliculi . An inter-
esting quotation in this connection, con-
tradicting Rhein's statement, is hereby
given from McCurdy (2 .1) . He ranks
iodin, U. S . ' P., mercuric chloride, and
phenol in order of strength and discred-
its the use of hydrogen peroxide as the
following quotation shows : "As a mat-
ter of fact, the moment the liquid be-
comes effervescent, its power to destroy
bacteria is ended . As the gas thus pro-
duced must push out in every direction,
it carries before it not a germicide but
an inert bubble. Hydrogen peroxide
should not be used in a cavity because
of its effervescence, for it distends the
tissue and the inert bubbles carry infec-
tive germs deeper- into the tissues ." If
experiments proving this point are true,
it seems that hydrogen peroxide would
then be placed in the rear rank in the
dental profession. There are many oth-
er methods for root canal treatment
which are too numerous to quote .

In order to produce the ideal state of
sterilization, no irritation to the tissues
must ensue. In this correction Frahm
in 1914 (22) claims that the use of
solidified formaldehyd, together with a
slight amount of cresol, sealed up in a
tooth is an excellent method for the pro-
duction of sterilization . He gives clini<
cal evidence but no researches. But fur-
ther investigations by Black (23) have
shown that formaldehyd and cresol, ot
any of their compounds, are very inju-
rious to tissue . This suggestion would,
therefore, not be an ideal disinfectant .

Dunning (24) states that "complete
sterilization is produced within the zone
of action by the use of metallic sodium
and potassium." There are no proofs
mentioned, feasible as this statement
may be. This author appreciates the
necessity of going further than the im-
mediate zone of action. In this connec-
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tion Callahan in 1914 (25), says "We
have the testimony of several investiga-
tors that it is possible to sterilize the
root canal properly, but it is an impossi-
bility to sterilize infected. dentin of a
tooth while it remains in the mouth ."
-Brophy (16) also claims that carbolic
acid and creosote must not be stronger
than a five per cent solution on account
of the therapeutic action of the drugs, at
the same time realizing that these are
not disinfectants.

The contributing factors provided by
the saliva, which are directly related to .
the growth of bacteria, have been inves-
tigated by Marshall in 1915 ( 26 ) and
Gies in 1915 (27), in studies on the
salivary factor with reference to caries,
and Rickert .( 28 ), and Bunting (28)
have made an extensive study of this
factor, in which they give experiments
on the structure of individual differences
in the teeth leading to the production of
caries .

Some writers call attention to the un-
due stress laid upon the essential oils as
disinfectants. Daufresne in 1917 (29)
mentions the fact that, under certain,
conditions, "tbacteria and antiseptic are
covered with fatty material which iso-
lates them from each other and permits
the bacteria to multiply freely . "

There may be a relation existing here
between. the use of the essential oils as is
customary in the practice of dentistry
and the action of fat as mentioned above .
Further inquiry into this field may elu-
cidate this statement and prove of value
in the explanation of the non-bacteri-
cidal action of these essential oils.

Boyd (30) gives a complete statement
of the present status of root canal prob-
lem and Callahan in 1909 (31) briefly
summarizes the position of the treatment
of root canals in the following quoted
statement : "Dr. Broomell (32), of Phil-
adelphia, has recently given us a most
excellent and helpful book under the
title of `Practical Dentistry by Practical
Dentists.' Under `Root Canal Treat-
ment' we find fifty-one different proce-

dures, any of which may be thought the
best . Under `Root Canal Filling' we find
seventy-one methods for sealin~ canals
and keeping them forever sweet and
clean. And yet we are not happy ! Under
head of `Treatment of Pulps and Pulp
Canals,' miscellaneous, we have sixty-
six preparations, each one more potent
than its, predecessor." Including treat-
ments not here quoted there results a
"Total of two . hundred and eighty pre-
scriptions and procedures for one poor
sick little tooth!" And this was eight
years ago !

A great step in the. progress of the
problem is the importance which nearly
every article gives to . the bacte-
riology of handling instruments used
in dentistry, and the cleanliness
and . sterilization of these instru-
ments . Best (33) voices this sentiment .
Miller in 1891 (34), Hasseltine in 1916
(35) and Kells (36) believes that no
sterile precautions need be used, main-
taining that the • medicament itself is
sufficient to produce perfect results .

The most striking feature which is
evidenced in reviewing the literature is
the apparent lack of understanding con-
cerning the meaning of the term "Steril-
ization ." There has been considerable
confusion in the use of aseptic, antisep-
tic, disinfectant and germicide and bac-
teriacide . The general concensus of opin-
ion of bacteriologists, as found in mod-
ern works such as Jordan (37), Dorlans'
Medical Dictionary (38), etc ., places_
disinfectants, germicides and bacteria-
cides in the same category. An anti-
ceptic is defined as being antagonistic °
to a septic state,. or as being prohibatory
to a septic condition, not necessarily pro-
ducing sterilization but preventing fur-
ther growth . To illustrate this point La
Odontologia (39) 1913 ; , shows an in-
teresting comparison of the. relative mer-
its of antiseptics for use in the mouth,
giving a table for the comparison of the
amount of time required to produce an-
tisepsis. From this one could not hope
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to produce sterilization in the oral cav-
ity but a fairly respectable amount of an-
tisepsis is possible. On the other hand
"aseptic" is an ideal state in which no
bacteria have ever occurred. For these
reasons the only term synonymous with
sterilization is "disinfectant." .

Dental literature' is full of such ex-
pressions as "to thoroly cleanse" root ca-
nals, to make them "nearly sterile," to
"produce good results ;" to "serve a good
purpose," to "have a good effect," and
so on. Polet in 1913 (40) claims that
the use of iodin, sealed in a canal, will
disinfect any pulp debris that may re-
main in the canal and likewise in the
apical region. Albrecht in 1913 (41)
advocates the use of resorcin-formalin in
root canal treatment for the production
of "normal" root canals, probably mean-
ing sterile canals. In this connection
Hinman (42) states definitely that, "in
the treatment of septic canals, steriliza-
.tion is accomplished first by washing out
the canals with the hydrogen-peroxide
bi-chloride of mercury solution . This is
followed by the use of Schrier's paste or
the potassium sodium compound manu-
factured for this purpose . It has been
found that if the canals are thoroly
cleansed with this material that sterili-
zation is nearly complete in every case ."
Further on the author continues, "While
I fully appreciate that there is no per-
manent antiseptic that we know of which
may be introduced into the root canals,
the iodin in the iodoform, which is set
free in contact with moisture, does
serve a good purpose in sterilization . "

In the search for a disinfectant the
use of silver nitrate has claimed the at-
tention of many authors for a long
period of time . Prinz (43) gives a com-
plete historical"summary of the litera-
ture and practical details . Brooks (44)
calls attention to the value of this chemi-
cal in the treatment of erosion as early
as 1854. Taft (45) as early as 1859
Txpresses himself very favorably on the
subject . Harlan in 1898 (46), Truman

in 1895 (47) and Szabo in 1902 (48),
noticed remarkable properties in the use

of silver nitrate in dentistry. Other re-

cent endorsements on the subject come
from Stebbins in 1891 (49), Shanasy in

1898 (50), Niles in 1900 (51) and

Bryan in 1903 (52) . Bethel in 1896

(53) advocated the cataphoric method
but the, many disadvantages in its use
prevented its general acceptance by the
dental profession. Preiswerck in 1906
(54) explains this phenomena in the

following manner :"The favorable ac-
tion of the argentic nitrate on the course
of caries may be explained by the insolu-
ble combinations which it forms with
the organic tooth substance and thus
withdrawing the nourishment from the

bacteria. We may assume that the
chemic process consists in the coagula-
tion of the albumin and the formation
of the albuminate of silver oxide . Mil-
ler in 1905 (55) has proven that it is
the precipitated black silver albuminate
which acts principally as the ' resisting
force, and not the silver chloride formed .
by the action of the silver nitrate upon
the sodium chloride always found in ani-
mal tissues, which is responsible for the
disinfecting powers of the silver combi-
nation. Hence, the significance of
Black's, in 1908 (56) dogmatic postu-
late:"Expose the tooth structure treat-
ed with silver nitrate to the sunlight un-
til it .turns black." Whitslar . in 1897
(57) states that cataphoresis drives
AgNO3 to the ends of the tubuli . Hart-

zell in 1912 (58) mentions the prophy-
lactic treatment of silver nitrate in which

he .says that this medicament can be rub-
bed into the gums and the roots of the
teeth as a prophylaxis three - or four
times a year .

A step further in the efficiency of dis-
infectants has been accomplished by Da-
kin in 1917 (60) when he advocated the
use of chlorazene, and later Dichlora-
min-T (61), in surgical wounds. The
two principles of an ideal disinfectant,
namely, the killing of bacteria and `the
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absence of injury to the cell of the liv-
ing body, also applies to dentistry. Da-
kin (60) (61), and his co-workers, are
accomplishing this aim in surgery . Some
practical applications of chlorazene and
dichloramin-t to dentistry are stated in
this paper.

It is a remarkable fact that the re-
searches in this connection are practi-
cally a new field. A deeper insight into
literature will reveal numerous refer-
ences to the lack of such knowledge, and
very few investigations, leading to solu-
tions of the difficulty . Dahlgren in 1917
(62) calls attention to the works of
Boennecken of 1913 (63) and Blessing
in 1914 (64) as a few of the genuine
inquiries into this line of research.

Blessing's (64) studies consisted of
the use of "Phobrol" (Cresol Prepara-
tion), thymol alcohol and aqua regia,
which he places in the first rank ; anti-
formin, Perugen and tricresol formalin
in the second rank .

Boennecken (63) placed thymol alco-
hol, chlorophenol, aqua regia and for-
malin in the first rank, and tricresol
formalin, sodium hydrate, phenol, chlo-
ral hydrate, balsam of Peru,antiformin
and eugenol in order of their efficiency .

As pointed out by Dahlgren (62),
both of these authors place a high value
upon thymol alcohol and aqua regia:
Dahlgren (62) has carried out these ex-
periments still further . He has used
fifteen of the most widely used prepara-
tions of the present day and in some
cases has given two treatments where one
did not suffice. In his experiment the
teeth were placed in sterilized plaster of
paris, infected medium placed in the
canals of the teeth in this position, and
two treatments were given where one did
not produce a sufficient percentage of
sterilization. As a result of these ex-
periments, Dahlgren ranks formalin,
tincture of iodin, chlorophenol, formo-
cresol and iodin creosote in the first
rank, without obtaining one hundred per
cent efficiency in any case.

The author emphasizes the importance
of further inquiry into the extent to
which dentin can be disinfected and the
role played by.._accessory canals, and also
points out the necessity of sterilization
in the elimination of infection .

To further test the efficiency of pres-
ent day methods in the treatment of root
canals, and to throw more 'light on the
present vague results which follow the
use of certain specified medicaments, the
following experiments haye been con-
ducted during the Spring Tand Summer
of this year at the• Research Institute of
the National Dental Association .

OUTLINE OF THE PROBLEM AND OUR

APPROACH TO IT .

In attacking this problem we have
outlined it as follows :

We have recognized that the following
structures and conditions exist as im-
portant factors :

First, the pulp canal to which the in-
fection has access and thru which the
infection can reach the dentin .

Second, the dentin with its tubuli .
Third, thru the foramen or foramina

the infection can reach the cementum,
which probably can also be infected
from the dentin.

Fourth, the periapical tissues which
constitute not only pabulum but also a
locked area whicn may contain an in-
fected culture medium, which may rein-
fect cementum and dentin and pulp ca-
nal contents.

- We have arranged our experiments in
the following order :

1 . A study of the ability of the medi-
caments to sterilize dentin and cemen-
tum under the most ideal conditions, ir-
respective of compatability with clinical
conditions .

2 . The study of the ability of the
medicaments to even retain the sterility
of a medicated dressing when placed in
an infected root canal without the in-
fluence of a periapical infection.
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3 . The influence of a periapical in-
fection upon these last named conditions .

4 . The ability of medicaments placed
within the root canal to sterilize infected
dentin and cementum while these tissues
are surrounded by a periapical infection ;
including a study of the areas of these
structures that are most readily sterilized .

5 . A study of the time factor . -
6 . A study of Silver-AmmOnium-For-

malin and Dakin Solutions.

EXPERIa2ENT 1 .

Purpose.-This experiment was un-
dertaken as a rough draft on'the effi-
ciency of medicaments .

Materials.-One hundred and ten dif-
ferent medicaments, including the vari-
ous per cent-dilutions, were used. These
are enumerated below :

ing them after saturating them with cul-

ture media . We did not run controls to
determine whether results were different
with freshly extracted infected teeth and
teeth which had been reinfected after

being dried . However, several sets of
teeth are comparable and show practi-

cally the same uniformly neg.ative results
where the teeth were boiled and infected
as where they were known to be freshly

extracted infected roots .
A mixed culture of bacteria from the

mouths of several persons, producing a
heavy growth in one per cent dextrose
bouillon broth after two days incubation
at 37° C.,was used for the first and third
series and a pure culture of oral strep-
tococcus .. :isalated in the laboratory, was
used foriho i-eroncl series .

Oil of Cloves, 5 dilutions Aqua Regia, 5 dilutions

Oil of Thyiue H~SO4; 5 dilutions

%02 conc. HCl, 5 dilution s

Beta Napthol HNOa, 5 dilution s

Oil of Cass'va Phenol, 3 dilution s

Dentalone, 3 dilutions Formaldehyd, 6 dilutions

Gaultheria lcdin, U . S . P ., 5 dilution s

Alcohol, 4 dilutions Chlorophenol

Thymol Tri-cresol Formalin

Menthol
Iodin & Creosote, 5 dilutions

Lysol, 2 dilutions Chloral Hydrate

Thymol Alcohol Eucalyptol

Campho Phenique Creosote, 5 dilutions

Phenol Sodique Copper Sulphate, sat .

Hg O12 IodoPorm, Sat . Aq .
_

Salicylic Acid, in aqueous and alcoholic solu
..... .. ._r ., ..~:. . ._.. ..

tions, and Na, Mg and Quinine Salicylates in aqueou s

and alcoholic solutions, 32 dilutions .

Three separate series of' observations
were made for this experiment and each
series included ten teeth for each medi-
cament, making 1080 teeth for each of
the three series or 3240 teeth for this one
experiment.

It proved to be an exceedingly difficult
matter to procure a sufficient number of
freshly extracted straight rooted teeth,
for which reason it became necessary to
use for a part of the observations teeth
that had been dried and resaturated with
moisture and also for some of the obser-
vations we sterilized the teeth by boiling
on successive days and freshly reinfect-

Procedure.-The teeth were prepared
by cutting off the crowns with a circular
saw and opening up the root canals with
reamers thru the apex. The air was
eliminated from the teeth by placing
them under a bell jar attached to the
exhaust pump in which condition they
were emersed by changing the center of
gravity of the bell jar, which dumped
them in.to-infected culture media and th e

errc .pressure was restored. Theyafmosph
were then placed in the incubator at
37° C, fOr from four to five days . At the
end of this time a medicament was
pumped into sets of ten teeth each and
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the ten teeth were then submerged in the
medicament for 24 hours . The acids
received special treatment which will be
explained in detail later .

The three parallel series have the fol-
lowing relationship to each other :

Series 1 was to determine in general
the relative and actual efficiency of the
various medicaments for sterilizing tooth
structures which had been contaminated
with mixed oral infections .

Series 2 was to determine the efficiency
of those medicaments in sterilizing simi-
lar tooth structures when the infecting
organism was a pure oral streptococcus
and to check the technic .

Series 3 was made partly as a control
for series 1 and partly to determine
whether teeth that were infected in the
mouth and freshly extracted would give
the same results as reinfected teeth that
had been allowed to dry. In this series
all the teeth used in the first 71 medica-
ments or 710 teeth had been freshly ex-
tracted .

In the mixed culture no special bacte-
riological precautions for sterility were
taken up to this point . However, after
treatment for 24 hours all precautions
were used and the teeth taken out of
their medicaments and placed in series
of tens upon sterile watch glasses . A
number of these watch glasses were con-
tinuously boiled during the operation of
transference and were used to hold the
teeth during the next step, which con-
sisted of pumping the canals with water
previously sterilized and getting rid of
as much of the medicament as possible .
Each tooth was then picked up with a
pair of forceps flamed before each opera-
tion and placed in sterile dextrose bou-
illion and incubated for 15 days . Results
were recorded at the expiration of one,
two, three, four five, six, seven, eight,
nine, eleven, thirteen and . fifteen days .
(See Chart 1) .

Each acid was used 'by immersing the
tooth in it in a watch glass and the med-
icament pumped in for five minutes in-

stead of 24 hours, and then neutralized
with a sterilized sodium bidrbonate
solution until all chemical activity had
ceased. Each tooth was then thorolv
washed in sterile water so as not to
afford any cause for decrease in growth,
by modification of the medium and plac-
ed by means of sterile forceps in sterile
dextrose broth and incubated for 15 days
as mentioned above .

In the second trial, consisting of the
pure culture of the streptococcus, . the
procedure was slightly modified. The
teeth were sterilized intermediately for
four days in the autoclave at a pressure
of thirty pounds for one hour. : They
were then allowed to incubate for forty-

eight hours to test for sterility, after
which they were inoculated with the pure
culture of streptococcus previously iso-
lated and allowed to grow for four days .
A smear proved the exclusive presence of
the streptococcus . The teeth were placed
in the infected culture medium under a
reduced atmospheric pressure as pre-
viously described but in this case all the
instruments used were sterilized to keep
the culture pure.

Difficulty was experienced in steriliz-
ing infected teeth even by repeated auto-
claving, B . subtilis proving verv persist-
ant . After several trials we succeeded in
producing an infection of the tooth
;tructure with the single organism-strep-
ococcus from the mouth .

In this series, the same method in gen-
eral was used as in the previous series
except that a smear was made of all
`ubes which showed growth, to check
he infection. In this way it was possi-

ble to ascertain whether these tubes con-
tained the culture from the original in-
fection or whether the cloudiness was due
to an accidental contamination thru error
in the technic .

Results .-Briefly stated, the results of
these three series of determinations may
be summarized as follows :

1 . Even under ideal conditions where
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EXPERIMENT I .-CHART 1 (Continued) .
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the medicament bathes both the inner with a few medicaments, namely, forma-

and outer surfaces of the infected tooth l in in all strengths, iodin 5% and Chlor-

structure and even where the mass of the phenol .
medicament is relatively large and with- The great majority of the results were
out consideration for the compatability negative and in direct contradiction to
to surrounding tissues, the dentine and the general teaching s and expectations in

cementum were not disinfected except current dental practice . These results
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EXPERIMENT NO. I.

CHART 2 .

Analysis of Chart No . I, Demonstrating the Efficiency of Medicaments for SteriLiz-
ing Infected Tooth Structures.

VARIABLE FACTORS SERIES I SERIES II SERIES lII

~. ~e ~ ia s y . b o

No. Medicament
r~

' J H~

m^"~F "'a ~i~~ Fa
~ Uf~W E

m E
U_ .. . C

U

1 H2SO4 50% 5 min. 0% 0% 0 %
2 30% 0% 0% 0 %3 20% 0% 0% 0 %
4 10%a 0% 0% 0 0/0

0% 06
7

HCi 50% % 0 %
30% 0% 0% 0 %8 20% ««

0% 0% 0 %
9 10% 0% 0% 0 %

5
% %Il HNOz 50 0 0% 0 %12 30 % 0% 0% 0 %1 3

14
20
10%

. . . .
. .

0% 0% 0 %15 I
16 1 Aqua Regia

5 %
con

0 %
0%

0 %
0%

0 %
0 %

17 50% 0% 0% 0 %
18 30% 0% 0% 0 %
19 20% « . .

0% 0% 0 %20 10% 0% 0% 0 %
21 5% 0% 0% 0 %
22 Phenol 5% 24 hours 30% 100% 80 %23

2% 0% 30% 0 %
2 4 1% 0% 0% 0 %
25 Formaldehyd 40% 100% 100 % 100 %
26 30% 100% 100% 100 %
2 7
28

20% 100% 100% 100 %

29
10 %

5
100 %
10

100,06 100 %

30
%

1%
0%

100%
100 %
100%

100 %
100 %

31 Iodin U. S . P. 7% 0% 0% 100 %
32 5% 100% 100% 100 %
33' 2% 100%a 100% 80%
34 1% 100% 100% 80 %
35 0 .5% 100% 100% 80 %
36 Chlora Phenol 100% 100% 100010
37 Tri-cresrol-formalin 50% 100% 0 %
38 Iodin & Creosote con 70% 60% 0 %
39 50% 40% 40% 30 %
40 25% 10% 100% 90 %
41 10%- 0% 100% 80 %
42 ~ 5% 30%n 90% 0%
43 Chloral Hydrate 100% 100% 10 %
44 Eucalyptol 0% 0% 0 %
45 Creosote con 90% 50% 30 %
46 I 50% 7 0% 0% 90 %
47 I 25% I 20% 100% 70 %
48 10% 0% 100% 60 %
49 5% 0% 100% 20 %
50 Copper Sulphate 0% 0% 0 %
5 1 Iodoform ( Aqueous Sol) 0% 100% 100 %
52 Oil of Cloves con ~ 0% 100% 20%
53 50 % 60% 100% 100%a
54 25% 70% 80% 00 %
55 10% 0% 100% 90 %
56 5% 0% 100% 80 %
57 031 of Thyme 70% 100% 0 %
58 H203 100% 100% 100%a
59 Beta Naphthol 0 % 70% 20 %
60 011 of Cassia " 70% II 100% 60%
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EXPERIMENT No . I (Continued. )

CHART 2 .

{

VARIABLE FACTORS SERIES I SERIES II SERIES III

~No . Medicament
. .

a _o
"

d v
H•

o w~ a~
w~ H

-

FUw -H,. o ~. m ~': ~

6 1
62

Dentalone con 90 %
100%

100%
100%

20 %
90 %

63 25% 100% . 30% 100 %

64 1
65

Gaultheri a
Alcohol 95%

0%
40%

0%a
100%

0 %
0 %

66 70% " 50% 100% 0 %

67 10% 100% 0 %

68 25% 10% 0% 0 %
6 9
70 1

Th9nuol
Menthol

0 %
70%

10 %
30%

90 %
10 %

71 Lysol 2% 10 %
20%

10010
10%

0 %
10 %7 2

73
Thymol Alcohol
Campho Phenique 0% 0% 0 %

74 Phenol Sodique
°

0 %
0%

100%a
80%

0 %
0 %7 5

76
HgC12
Acid Salicylate Con Ale Sol

a
100 %
100%

100 %
100%

0 %
10 %7

7 78

25% 100% 100% 0 %
79 10% « « 0% 100%a 0 %

80
81

Quinine Salicylate Con Ale Sol
50%

0 %
30%

0% 0%a

.I
82 25% •• •` 0% 0%
83
84 Na Salicylate Con Ale Sol

10% 00/0
20%

o90% 0%

85 50% 20% 100% 0 %

8 6
87

25 %
10%

30 %
20%

100 %
90%

0 %
0 %

88 Mg Salicylate Con Alco Sol 20% 0% 0 %
8 9
90

50%%
50% 0% 0 %

9 1
92 Acid Salicylate Sat Aques Sol

10 % 30% 0%n

%

0 %
50
%50%

0
0 0 o 0

94 25 %
I

!` (
0% 0% 0%

9 10% ~ 0% ~ 0% 0010
96 1 Na Salicylate Sat Aqueous Sol 1 0/1

50% 0% 0 %9 7
98

JI 50 %25% 0% 0% 0 %

99

I
10%

0^10 0%a 0 %

100 Mg• Salicylate Sat Aqueous Sol 0%
0%

NO
0%

0%
0%

102 25% 0% 0% 0%

10 3
104 1 Quinine Salicyl Sat Aqueous Sol

10% 0 %
0%

0 %
0 %
0

0 %
0 %
0 %10 5

106
50 %
25%a

0%
0%

%
0% 0%a

10 7
108 Phenol-Sat .

i0% .0 %
100%

0 %
90%

0 %
80 %

109
110

Chlorazene
Dichloramin-T

4 %
15%

10 %
10%

0 %
0%

0 %
0 %

have determined the details for the next
series of experiments . Before outlining
these we give here in full detail the
results of the three series .

Chart No. I shows clearly the inhibit-
ing effect of certain agents . Ten teeth
being used, it will be noted that fre-
quently it required three or more days
before any growth. appeared in even a

few of the tubes, with other tubes show-
ing growth as days went on. With Oil of
Cassia the first growth appeared on the
8th day with pure strep. and with Thy-
mol Alcohol on the 15th day. The pure
culture of strep . indicated that it was
not a contamination . Iodili and Creo-
sote also showed a marked delay in the
growth .
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Chart No. II is an analysis of the Chart No. III shows all the 100°/~0
information in Chart No. 1 with the drugs together and also the same for
efficiency expressed in terms of per cent, each range of 10 per cent . Note the
It shows very strikingly the low efficiency greater efficiency for strep . The major-
of the acids and the high efficiency of ity of these drugs appear, however, in
the formalins and a few others . This the zero group.
chart also shows graphically the relative While the results obtained in experi-
efficiency of different concentrations. •.ment No. 1 are exceedingly important

EXPERIMENT I.-CHART 3 .

RESULTS IN ORDER OF EFFICIENCY OF MEDICAMENTS .

SERIES I SERIES II SERIES III
Mixed Culture Streptococcus Mixed Culture

100% 100% 100%

Phenol 5% Phenol 5% Formalln
Formalin Ybrmalin Cono ; 30% ; 20% ;10% ; 5% ;1%

Cone ; 30% ; 20% ; 10% ; 5% ; 1% Cone ; 30ofo ; 20% ; 10% ; 5% ; 1% Iodoform
Iodin lodin tlil Cloves 50%

5% ; 2% ; 1% ; 0.5% 5% ; 2% ; 1% ; 0 .5% Dentalone 25%'
Chlorophenol Chlorophenol Iodin
Chloral Hydrate Tricresol Formalin 7% ; 5%
H2O$ lodin Creosote Chlorophenol

25% ; 10% H202
Dentalone Chioral Hydrate

50% ; 25% Creosote
Salicylate Cone Ale Sol 25%, 10%, 5%

(acid) 50% ; 25% lodofor m
Cloves

Cone ; 50%, 10%, 5%
Thyme
H:Oz
Cassia
Dentalon e
Cone ; 50%

Alcoho l
95%, . 70%, 50%

Lysol 20 %
Phenol Sodique
Salicylic Acid

In all concentrations
Na Sal ; e 1•lnt e

50%S 25 %

90% 90% 90%

Creosote, cone. Iodin Creosote 5% Iodin Creosote 25%
Dentalone, cone. Na Salicylate Cloves, 25% and 10%

Cone ; 10% Dentalone 50%
Thymol
Creosote 50 %

80% 80% 80%

Cloves 25% Phenol 5%
HgCla Iodin
Beta Naphthol 2%; 1% ; 0 .5%

Cloves 5 %

_0% 70% 70%

Iodin Creosote, cone . Beta Naphthol Creosote 25%
Creosote 50%r
Oil Cloves 25%„
Oil Thym e
Oil Cassia
Menthol

60%r 00%-

Oil Cloves 58% Todin Creosote, cone . Creosote 10%
lodin Creosote 10%
Cassia
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SERIES I SERIES II SERIES III

Mixed Culture Streptococcus Mixed Cultu£e

50% 50% 50 %

Tricresol Formalin Creosote, cone .
Mg Salicylate, alc Sol 25 %
Na Salicylate, sat aqueous so l
Alcohol 70%

40% 40% 40 %

Iodixi Creosote 50% lodin Creosote 50 %
Alcohol 95%

30% 30% $A %

Todin Creosote 5% Phenol 2% Iadin Creosote 50 %
Phenol 5% Menthol Creosote

Na Sallcylate Ale Sol 25% Dentalone 25 %
Mg Salicylate Ale Sol 10 %
Quinine Salicylate Ale Sol 50 %

20% . -20% 20 %

Creosote 25% Cloves, cone.
Thymol Alcohol Beta Naphtho l

Na Salicylate Cone Ale Sol Dentalone, cone.
G°reosote 5 %50%, 10%

Mg Selicylate Ale Sol conc
50%

10% 10% 10 %

lodin Creosote 25% Thymol Sal. Acid Ale Sol 50 %

Alcohol Thymol Alcohol Menthol
Chloral Hydrate50%, 25%a

Quinine Sal . Ale Sol 25% Thymol Alcrhol

Lysol 2%

F . : - . 0% 0% 0 0/0

Aqua $egia, all solution s
l i

Phenol 1 %
Iodin 7%

All acids
Phenol 2% and 1 %ut onsH2S04, all so

Eucalyptol Tricresol Formali n

HNOs, all solutions Creosote 50%. Iodin Creosote con .
Creosote 5 %IodinHICI, all solution s

Phenol 1% and 2%
CuSO4
Gaultheria

.
'- uSO4

Iodin 7 %
lodin Creosote 10%

Alcohol 25 %
Campho Phenique Gaultheria

Eucalyptol
Creosote 10% and 5%

All acid s
Quinine . Sal Con Ale Sol

Alcohol
95% ; 70%a ; 50% ; 25 %

CuSO4 50%, 25%, 10% Oil of Thym e

lodoform Sat . Aqueous Mg Sal Cone Ale Sol Lysol 2%

cone.Cloves 50%, 25%, 10% Campho Pheniqu e
,

Cloves, 10% and 5%a
Beta Naphthol

Acid Salicylate, Na Mg,
Quinine Sal Sat Aqueous Sol

Phenol Sodique
All the salicylates except Coi .

Gaultheri a 50%, 25%, 10% Ale Sol Salicylic _

Cai pho Phenique

Aci d
Eucalypto l

Phenol Sodique
HgCIa

HgCla
All salicylates except

Acid Salicyl. Ale Sol 10% Acid Salicvlate 50 %

Quinine Salicylate, Cone Ale Sol Alc So1.

Quinine Salicylate, 10 %
Acid Salicylate aqueous
Acid Salicylate 50% ; 25% '10 %
Na Salicylate, aqueous sol

50%, 25%, 10 %
Mg Salicylate, aqueous gol ; cone

50%, 25%, 10 %
Quinine Salicylate, sat aqu sol

50%, 25%, 10%
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and suggest the measure of our failure
to sterilize dentine and cementum the
conditions are not identical or even simi-
lar to those in the mouth and hence the
necessity for making `a series of deter-
minations which could be considered as
comparable to practice. The divergence
of the conditions prevailing in experi-
ment No . 1 from the normal and the de-
tails for making a more nearly compara-
ble experiment are suggested by a com-
parative study of the two sets of condi-
tions as follows :

1 . In all these cases where the tooth
was placed in the medicament of stated

concentration for 24 hours and washed
in sterile water and transferred to cul-
ture broth, the medicament came in con-
tact with both the inner and outer sur-
faces of the tooth instead of only the in-
ner surface.

2 . The ration of the volume of the
medicament to the volume of a tooth is
reversed from practice and such that
there would be but slight reduction in
the concentration of the active agent at
any tooth surface.

3 . The total amount of the medica-
ment that can be placed in the tooth is
exceedingly small, but in the experiment
it was very large .

4 . There was no adjoining fluid
which could remove a part of the active
sterilizing elements by diffusion which
the periapical fluids do by their contact
thru the foramina .

5 . There was no mass of infecting
medium in such relation to the tooth
structure as to promptly reinfect .it after
a neutralizing or diffusing of the medi-
cament which occurs from the infected
periapical fluids . '

6 . No consideration was necessary of
the destruction or injurious action of the
medicament on the adjacent or surround-
ing tissues . Most medicaments that will

destroy bacterial cells will destroy tissue
cells.

SUMMARY OF EXPERIMENT I .

It is very difficult to destroy bacteria
growing in dentin and cementum .

EXPERIMENT II .

Determinations of the Ability of Medica-
ments to Maintain the Sterility of the
Root-Dressing when Sealed in an In-
fected Root and Without the Perfo-
rated Root-Apex Being Immersed in

an Infected Culture Medium.

Purpose : This experiment was con-
ducted to show the results of the present-
day methods of root canal treatment in
scientific terms, and to emphasize for
the dental profession the efficiency of the
various medicaments which it uses in
every-day practice . In this: paper there
is no emphasis laid on the proper num-
ber of treatments, and how many would
be needed in each case to show the op-
timum power of each medicament. It
shows merely the inadequacy of the com-
mon practice of applying a treatment a
certain length of time with the delusion
that this may produce sterilization thru-
out all the tooth structures .

Procedure : A carefully selected num-
ber of medicaments which gave prom-
ising results in Experiment 1 was used .
These are as follows :

Formocresoi HE0$
Iodin-Creosate
Iodin 7% Creosote

Formalin Cone . Alcohol 70%
Phenol 5% Chlorophenol

Cloves 50% Phenol Comp.
HQB0, 50% Chlorazene 4 %

Dichloramin 15%

Thymol Phenol Sat.

Mercurophen
Chloralhydrate

Two hundred and sixteen freshly ex-
tracted teeth were procured and prepared
for experimentation as in Experiment I .
They were cultured in a mixed salivary
infection for from four to six days, when
they were ready for treatment. No pure
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cultures of bacteria were used and no at-
tention was paid to species of bacteria .
There was only one treatment given in
each case. A series of five, twenty-four
and forty-eight hour treatments, includ-
ing four teeth for each period of time
were run .

In endeavoring to make the condi-
tions as nearly comparable as possible
to the conditions as found in the mouth
when no periapical infection exists, the
following method was used :

The teeth were taken out of the broth
infected by saliva and a J . & J. absorb-
ent point, soaked in the medicament was
carefully inserted in the root canal down
to the apex, under sterile precautions .
The entire tooth was then placed into
sterile tubes containing a small amount
of moistened cotton, and then placed in
the incubator for the length of time
charted for that series . At the end of
that time they were taken out of the test
tubes and sterile forceps used to pick
out the absorbent point. This was then
cut into four pieces with sterile scissors
which were carefully flamed between
each cutting .

Each piece of cotton was then drop-
ped into sterile tubes of dextrose broth
and labeled "A, B, C, and D" respect-
ively from the apical to the crown end
of the absorbent point.

Results were recorded at the end of
72 hours. Chart 4 gives a complete rec-
ord of all positive and negative cultures
. ;btained .

Results : Of the 18 medicaments used
for this experiment, only six gave any
neQ;ative results in cultures ; the remain-
der were all positive cultures in eve :R
case for the complete series of hours run .
There was only one medicament which
produced 1000/~o efficiency and that was
Dichleramin-T of Dakin.

The medicaments approaching any de-
gree of sterilization are as follows, in

order of five, twenty-four and forty-eight
hours efficiency :

5 Hrs. 24 Hrs. 48 Hrs.

Dichloramin-T 100% 100% 100%
lodtn Creosote 81% 25% 0%

Phenol Campound ' 81% 50% 0%

Formalin 75% 94% 37%
Formocresol 56% 62% 6%

Thymol, creosote and chlorophenol
.showed antiseptic but not" sterilizing
properties.

Several experiments were conducted
upon a rabbit's ears to prow whether or
not the medicament produces eschars. A
subcutaneous inoculation was made with
iodin-creosote, phenol compound, dichlo-
ramin-T and chlorazene 4% aqueous
solution as used in the experiments.

Chlorazene and iodin-creosote pro-
duced no eschars but dichloramin-T
and phenol compound gave small eschars
with a great amount of irritation in the
case of dichloramin-T. Probably this
was due to the 15 0/~o solution used, in
the dichloramin trial . One rabbit died
instantly from the ear injection of Phe-
nol compound. It is probable that it
entered a vein which, however, could not

be seen.

Conclusions : 'The most radical dis-
infectant was dichloramin-T . This
medicament in a concentration of 15 oJo
as used in this experiment gave 100%
efficiency in all treatments but also pro-
duced irritation of living tissue .

A further observation on the lowest
percentage needed for root-canal sterili-
zation and the amount of time for the
12roduction of this condition will be con-
tinued . This drug may, in dilute solu-
tions> of 1 oJo or less, be both safe and
efficient but it is one of the most painful
and destructive agents we have tried in
practical cases . The membeys of the
profession are warned neverto place the
15% or even a 5of~o solution of the Dich-
loyamin-T in oil of Eucalyptol, its sol-
vent, in any tooth or on tissues. -

{

~~.

~•

.
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PJ(PERIMENT 11 CHART 4

DBTE$MINATIONS OF THB ABILITY OF MEDICAMENTS TO MAINTAIN 7HE STERILITY OF THE AOOT

DRESSING WHEN SE6LED IN AN INFECTED ROOT WIY'NOUT PERIAPICAL SNFECTIOtl

- Sign indical" Efficiency A - Apical fourth of root dressiYig .

^1- Sign lndicates Noneffictency B 3 Second fonrt,h from apex
C° Third fourth train apex
D= Croem fourth of root dressing

ExPERiMErrT III. ments, or whether these disinfectants

Determinations of the Ability of the
could be brought to produce sterility by
a repeated number of applications .

Medicaments to Maintain the Sterility
of the Root Dressing When Sealed in Procedure : From the medicaments

which gave the best results in Experi -
an Infeeted Root When the Perforated ment I the following forty were care -
Root Apex IS IMMERSED in an fully selected :
Infected Culture Medium .
Purpose : This experiment was con-

Formocresol
Iodin-Creosote

ducted to show the results of the present oiI Ciooes 5 0 qo
day methods of root canal treatment in zoain U. S . P .

scientific terms, and to emphasize for
Formalin
rhenol 5 %

the dental profession the efficiency rhenol cou,D.
of the various medicaments which chlorophenol

it uses in every day practice when Iod.in-Creogote 10 qa

the tooth root is surrounded by a eriap -p
cl~loral Hydrate
Eucatyntol

ical infection . There is also no empha- Ioaororm
sis laid on the proper number of treat- Cloves sqo
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H202 Phenol 2%

H2SO 4

Oil Cassla H1VDs

Dentalone HCL
Gauitheria Mercurophen

Alcohol 95% Eugenol

Thymol Cloves

Lysol 2% Eucalyptol Comp.

Thymol Alcohol Chlorazene 4 %

Campho Phenique Chlorazene 1 %
C'reosote Chlorazene 0.1 %
lodin 0 .5% Alcohol 70 %
Formalin 5% Phenol Sat .

Diehloramin-T 15%

Six hundred freshly extracted leeth
were procured and prepared for experi-
mentation as in Experiment I. They
were cultured in a mixed salivary infec-
tion for from four to six days, when they
were ready for treatment. No pure cul-
tures of bacteria were used and no atten-
tion was paid to species of bacteria.
There was only one treatment given in
each case. A series of five, twenty-four
and forty-eight hour treatments, includ-
ing five teeth for each period of time,
were run.

The aim of the experiment was to
make the conditions, of culture as nearly
comparable to the conditions of the
mouth as possible . For this reason in-
fected broth was used to culture the
teeth after they had received treatment,
because a broth containing living or-
ganisms surrounding an apex is like the
abscessed condition of a per!uantal
membrane in which the tooth in the
mouth rests.

The following method was employed :
The infected teeth were taken out of
the broth and a J . & J . absorbent point,
soaked in the medicament was carefullv
inserted in the root canal of the tooth
down to the apex. The crown was then
paraffined to the gingival margin and
the tooth placed into the test tube con-
taining about 6cc. of infected broth,
placed in the incubator according to the
length of time charted out for that series.

At the end of the allotted time, they
were taken out of the infected broth,

dipped into 70~/"o alcohol to wash off the,
main mass of bacteria on the outsic~ of
the paraffin and then placed on a sterile
petri dish to dry the exterior. The par-
affin was carefully lifted off by slightly
melting the gingival margin of paraffin
and lifting it with forceps without touch- `
ing the absorbent point. A sterile for-
cep was used to pull out the absorbent
point which was then cut into four pieces
with sterile scissors which were care-
fully flamed between each cutting . Each
piece of cotton was dropped int6 a sterile
tube of dextrose broth and labelled "A .
B, C, and D" respectively, from the
apical to the crown end of the absorbent
point .

Results were recorded at the end o`
72 hours . Chart 2 gives a complete rec-
ord of all positive and negative cultures
obtained.

Results : Of the 40 medicaments used
for this experiment, only eight gave any
negative results ; the r.,mainder were all
positive in every trial for the complete
series of hours run. With the infected
medium used in which to incubate the
treated teeth no 100%o efficiency was ob-
tained. The medicaments approaching
any degree of sterilizing ability are as
follows in order of five hour efficiency :

5 Hrs. 24 Hrs. 48 Hrs .

Phenol Compound 70% 15% 0%

Dichloramin-T 15% 35% 5% 0%
Formocresol 34% 0% 0%
Iodin-Creosote 33% 25% 0%
Iodiri U . S . P . 10% 34% 0%
Formalin U. S . P. 0% 34% 0%
Phenol U. S . P. 0% 45% 0%

Oil of c9oves 50% 0% 25% 0%

The best of the above results is Phenol
Compound prepared according to Buck-
ley's Prescription, but even 70°fo is not
a very high degree of efficiency attained .
All of the medicaments showed zero
efficiency in a 48 hour treatment, but
varied in the per cent of efficiency in the
five hour and the 24 hour treatments .

The medicaments not mentioned above
all gave zero efficiency in all three of the
series of hours, and prove their absolute
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EXPERIMENT III CHART

5 DETERHIBATIORS OF THE/1BILITY OF NEDICAMENTS TO MAINTAIN THE STERILITYOF THE ROOT DRESSING
14ao~" , ow..
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t DCrown fourth of root dreeein
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worthlessness in one treatment for so
short a period as five hours, not to say
anything of the amount of growth which
has taken place at the expiration of 48
hours.

A chart in this connection was made,

which was plotted to contain the percent-
ages of all of the cultures under the
various areas of each of the series of
hours . In referring to the chart, it will
be seen that the highest percentage effi-
ciency is in" the areas "C'" and "D."
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These areas were the ones which did not
come in contact with the infected me-
dium and may be explained as not hav-
ing had a long enough period of time in
which the medicament would diffuse
with the broth in contact. Aside from
this explanation, the factor of accessory
canals and tubuli containing bacteria
which are not reached by medicament
must be considered.

The grand total efficiency counts all
negative areas in any one medicament
irrespective of areas from which it is
taken .

This experiment might have been car-
ried on further by replacing the piece of
cotton with a new sterile piece and after
72 hours culturing the sections as the
above was . cultured. Experiments are
now in progress which will show the ex-
act amount of time required to obtain
maximum efficiency by giving the medi-
cament every opportunity for producing
best results.

Eucalyptol, thymol and creosote show
remarkable antiseptic qualities in de-
laying the growth of bacteria, which, on
further incubation produced positive cul-
tures.

Conclusions : Under the conditions
specified, above, the medicaments used
in the previous experiment are not ideal
disinfectants for the following reasons :

1 . They do not produce 100 0/~o effi-
ciency.

2 . Formalin and its compounds
Dichloramin-T and creosote in strengths
used have been shown to produce tissue
suppuration.

3 . Iodin compounds produce dark
stains.

4 . The difference between antisep-
tics and disinfectants was shown in .the
results obtained from the use of Euca-
lyptol, thymol and creosote . The inter-
pretation of this experiment is probably
that the penetration of the disinfectant
is not sufficient to reach the remote and
minute recesses of the tubuli .

Having satisfied ourselves that this is
a chief reason for non-sterilization of
the tooth, it remains to find some disin-
fectant that will meet with these require-
ments and fulfill the desired efficiency .
This is the subject of the remaining ex-
periments, altho these are not yet com-
pleted and require more time.

EXPERIMENT IV .

Determinations of the Ability of Medi-
caments to SteriLize Infected Dentin
and Cementum when Sealed in the
Root Canal, and when the Perforated
Apex is Surrounded by Infected Cul-
ture Medium, as per Condition in Ex-
periment IZI.

Purpose : After the results obtained
in the previous experiments it was deem-
,ed advisable to determine to what extent
the infected dentine and cementum of
the teeth have been sterilized by root
canal medication .

Procedure : A number of teeth, 63
selected, according to results obtained
from the previous experiments were
used. These were handled with sterile
precautions in the following manner :

They were taken out of the vessels
containing them and placed in 95 %
alcohol for a few minutes and then the
surface allowed to dry on a sterile petri
dish . All instruments used in handling
them were flamed until hot, dipped in
alcohol and this again burned off, before,
and after operation . When dry the
teeth were placed one by one between
sterile paper and clipped longitudinally
in half with heavy plate shears . Cul-
tures were taken from the freshly cut
surface with a fine pointed bur, ster-
ilized by flaming before each use. The
ten areas from which cultures were ta-
ken are as follows :

A. A small amount of the cementum
from the apical end, external surface.

B. A small amount of the cementum
about 1 in . in. from the upper apex, ex-
ternal surface.

: _ - - - -- , ~, • ~- -z-~c. >.~-~ ,,.. •,. ~~S .~
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C. The dentin from the inside of the H. Dentin from the opposite half of
split tooth at the apical end near the split tooth, inside area, apex .
cementum. I. Dentin from opposite half of split

D. The dentin from the inside of tooth, inside area, crown region .
the split tooth about 1 m . m: from the J . Dentinescraped from entire sur-
apical cementum. face of pulp canals.

EXPER IMENT $ FIG. 6

: ,r,•.~~. .• ~ ~

k

Diagram Showing Areas from Which Cultures of Dentin
and Cementum Were Taken.

E. Dentin from the same area about Figure 6 shows a diagram of a tooth
2 m. m. from apical cementum. with these areas indicated.

F. Dentin about 1 m. m. from the Results : Chart 7 illustrates the re-
crown, from inside of split tooth. sults obtained in each individual case.

G. Dentin from inside of split All positive signs indicate growth of
tooth at crown region. bacteria, all negative signs show ab-
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sence of growth, therefore efficiency . The second summary, given below
The areas cultured are lettered , from A shows the results obtained by percen~age
to J according to the region from which efficiency of each medicament not con -
they were taken . sidering the areas from which each wa s

The accompanying diagram gives a cultured . Note the very low net effi -
more concise idea of these results which ciency .
were obtained .by taking the percentage SUMMARY H .

of all the results obtained under each Efficiency

area respectively not considering the
Medicament No . Time for each

medicament from which each was taken .
Camphopheniqne 1 5 Hrs. 0

In n t t s tha ffi
Camphophenique 2 24 ° 20

ruco s ure or are wa e e ciency Chlorophenol 3 5 " 13
high . Chlorophenol 4 24 " 16

SUMMARY I . Thymol-alcohol 5 5 16

Efficiency Per Cent.
6 5 6Lysol 2 %

Gaultheria 7 5 6
A. 17 Dentaione 8 48 Hrs. 6
B. 18 Oil of Cassia 9 5" 23

C. 32 0i1 of Cassia 10 48 " 0

D. 18 Formalin 5% 11 24 " 13

E. 35 Formalin sat. 12 24 93
F. 39 lodin & .Creosote 13 24 " 30

G. 46 Iodoform 14 5 7

H. 29 Eucalyptol 15 5 54

1. 35 Eucaiyptol Camp. 16 24 64
J. 15 Eucalyptol 17 24 0

. . . EYPE9IlE7PT I9 CHART 6 . . . .

DSfERMIEATI06s OF THE ABILITY OF I RDICANINTS TOBTSRILIZE INFECTED DENTIN AND CElD:tlTON-NfiE N
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PER CCBDITIOHS IHCEART V. . - aBffieienaq . .
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SUMMARY II .-Continued.
Efficiency

Medieament No. Time % for eac h

Chlorazene 4% 18 5 21

Chlorazene 4% 19 24 50

Phenol Comp . 20 5 7 4

Phenol Comp. 21 24 46

Total average . . . . . . . . . . . . . . . . . . . . .27 . 3

With the exception of formalin which
shows 93 0/~o sterility, all other teeth
show a general infected condition of the
tooth structure.

Conclusions : 1 . The low per-
centage of efficiency and the correspond-
ing high percentage of general infection
is a very definite proof of the general
infection which is found in the teeth .

2 . That, with the above medica-
ments the sterilization of a root canal
does not necessarily sterilize the sur-
rounding tooth structures.

3 . That the efficiency of a medica-
ment to sterilize all tooth structures
should be the criterion of a disinfectant .
The criterion of a competent root canal
medicament is its ability to sterilize all
infected tooth structures .

EXPERIMENT V .

Determinations of the Ability of Double
Salt of Ammonium Silver and Forma-
lin to Sterilize Infected Dentin and
Cementum when Applied in the Root
Canal.

Purpose : The action of formalin as
a test for silver has long been known in
chemistry but dental application of this
fact is probably of recent suggestion by
Dr. Howe. (59a) . There are frequent
references to the toxicity of silver in the
last decade. To correlate this past knowl-
edge, test it and observe in experimental
medicine whether it would be used as an
efficient disinfectant in the treatment of
root canals, has, been attempted.

Materials : A number of freshly ex-
tracted infected teeth, which had been
placed for a few days in saline solution
were used . The crowns were removed

with a circular saw and canals opened
, as in the previous experiments.

A 357o solution of silver nitrate, with
the addition of NH4OH until the pre-
cipitate has just redissolved, and a 25°jo
solution of formalin was used as a pre-
cipitating solution. The method of con-
veying these solutions to the tooth was
by means of a capillary pipette with
rubber bulb. Sterilized glass plates
were used upon which the teeth lay. A
blast of hot air was used for hastening
the chemical reaction or precipitation of
the silver. A sterile broach was also
used to force the medicament to the end
of the canal .

Procedure : The teeth were held with
sterile forceps and one drop of the silver
nitrate NH4OH solution inserted, and
pumped into the canal. Next a drop of
formalin was added and likewise pump-
ed into the canal . Hot air was then
applied to the canal. This was repeated
from three to five times, during a period
of about ten minutes. The teeth were
then split open as in experiment 3, and
under the same conditions as experiment
3 and cultures made from 8 internal
areas of the tooth . These areas were as
follows :

A. Dentin near apex.
B. Dentin 1 in . in . from apex.
C. Dentin 2 in. in . from apex.
D. Dentin 3 in . in. from apex .
E. Dentin from near crown end.
F. Dentin from opposite side near

apex .
G. Dentin from gingival area oppo-

site side .
H. Culture of root canal contents .
The control used on this experiment

was taken from the first two sets of teeth
in Experiment IV (See Exp. IV, Chart
6) . In fact the whole experiment may
be considered a control on experiment V.

Results : Four trials were made on
four different days . Trial No. 1 con-
tained ten teeth or 80 cultures. These
showed contamination in 25 cultures,
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making a total efficiency of 69 oJo . Area
H, canal contents, however, showed ster-
ility in every case .

Trial No. 2 contained eleven teeth or
88 cultures . These showed contamina-
tion in twenty tubes, making a total
efficiency of 78% . Area H showed
sterility in every case except one .

No. 3 contained six teeth or 48 cul-
tures. These showed contamination in
eight tubes, making a total efficiency of

Conclusions : In comparing the re-
sults obtained from this method of treat-
ment with the results from other `meth-
ods obtained as in experiment 3, there is
inclination to the belief that a perfected
technic will produce sterilization of the
tooth structures which are reached by the
medicament in so short a period as ten
minutes .

In comparing the four trials, the as-
cending percentages in efficiency lead s
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84of"o . Area H showed complete steril-
ity .

These three trials were deemed not
sufficient evidence for the efficiency of
this silver nitrate method: Another set
of experiments with technic slightly re-
vised, was run . Under the exacting
conditions used in No. 4, this series,
the following results were obtained :

Ten teeth or 80 cultures were run .
Two of these teeth shdwed contamina-
tion in four tubes each . However, these
were probably contaminated, owing to a
slip from the bur, as they were being
ground . The efficiency was 95 % .

Further determinations with various
modifications of technic must be made of
the silver method .

to this conclusion. The sterility in the
cultures obtained from the root canal
proves the toxicity and bacteriacidal
power of this treatment in the canal
itself. The chemical action may be ex-
plained as follows :

The addition of the NH4OH to the
Agnog forms a double silver salt as fol-
lows: AgNO3+NH4OH=AgOH+NH4
NO3 .

The further addition of the NH4OH
gives the following formula : AgOH
NH4OH=Ag(NH3)2 OH .

If formaldehyd is brought into this
solution now, the silver is precipitated
and deposited as free silver in the fol-
lowing : Ag(NH ;;)2 OH HCHO=

, . . . . : ,u . . ~4 . :. . :~.~r ' - . . . . ,...: ~S'8i_. .w .~ . ~'trr . . .~ . . ..2 . . .. .5.7 : . -
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free silver, formic acid and water. Cha rt
7 will give the details of this experi -
ment.

The toxicity of both silver and of
silver nitrate and formaldehyd has
been proven on rabbits by making a
subcutaneous inoculation .

The sterility obtained from the vari -
ous cultures of the various areas of the
tooth points, also, to sterility of the tubuli
themselves . Inasmuch as a uniform
treatment was used thruout all of these
experiments, no difficulty seems to be
encountered, perhaps thru the methods
of infection .

EXPERIMENT VI .

Determination of the Ability of Dakin's
Recent Chlorazene* and Dichlora-
min-T* Products to Sterilize Infected
Dentin as Observed by Inserting Ster-
ile Culture Medium.

A separate experiment on Chlorazene
and Dichloramin-T, consisting of a se-
ries of seven different methods for the
production of disinfection, was per-
formed .

Six teeth freshly extracted and cul-
tured in amixed salivary infection were
used for each series of the chlorazene
experiment and three teeth for each se-
ries of the Dichloramin-T experiment .
The crowns had been cut off and the
root canals opened thru the apex. Two
kinds of Chlorazene preparations were
used, chlorazene cream obtained direct-
ly from the Abbott Laboratories and a
four per cent aqueous solution of chlor-
azene made in the Research Institute
Laboratories, kept in a dark bottle in
the ice chest thirteen days after prepara-
tion. The Dichluramin-T experiment
is in the nature of a preliminary . report
and because of the recent discovery of
the drug there has not been time for a
complete study, both of its prop-
erties and existing results in clini-

•Chlorazene is a sodium salt of toluene-parasul-phochloramin. The system atic name for dichiora-
min-t is toluene-parasulphondichloramin . J. A.M ., vol. LxIx, No. 1 .

cal practice . The Dichloramin-T con-
sisted of a fifteen per cent solution in
chlorinated eucalyptol, used on the
same day that it was sent us from th e
Abbott Laboratories. Sterile wooden
sticks, sterile capillary pipettes and oc-
casionally a ste rile smooth broach were
used . All root canals were treated wi th -
out the use of absorbent points. After
treatment, ste rile absorbent points were
inserted for forty-eight hours, the teeth
having been placed into ste rile tubes
containing moistened cotton and incu-
bated. The ten sets consisted of seven
se ries for chlorazene and three for dicli-
loramin-T.

SET I. One treatment of chlora-
zene cream .was placed in the root canal
and incubated for two days. This was
then removed and an absorbent point
saturated in dextrose broth, inserted.
After two more days of incubation the
cotton point was taken out, cut into four
pieces, and cultured as in Experiments
II and III .

Results : All cultures at end of twen-
ty-four hours showed growth .

SET IT. One four day treatment of
chlorazene cream was given in the
same procedure as in Set I .

Results : All cultures at end of twen-
ty-four hours showed growth .

SET III. Four treatments of chlora-
zene cream on four successive days were
given in the same manner as Experi-
ment I.

Results : All cultures at end of twen-
ty-four hours showed growth.

SET IV. One treatment of chlora-
zene four per cent, aqueous solution, for
two days was given . The apical ends
of one-half of the teeth were sealed with
paraffin to contain the liquid in root
canal and the other half unsealed and
kept in a vertical position . Procedure
same as in previous experiment .

Results : All cultures at end of twen-
ty-four hours showed negative growth .
There was . . no difference in the results
with the sealed and the unsealed teeth .
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SET . V. One treatment of chlorazene
four , per cent, aqueous solution, was
given over a period of four days in the
same manner as in Set . IV.

Results : The test tubes showed fifty
per cent growth and fifty per cent effi-
ciency.

S E T VI . One treatment of chlorazene
four per cent . aqueous solution, for six
days duration.

Results : The test tubes showed

t

in all of the above tests gave no f avora-
ble results . '

2 . Chlorazene cream was not effi-
cient in a two days treatment, improved
to fifty per cent in a four days treat-
ment and again declined to sixteen per
cent in a six days treatment, which
shows the optimum power of, efficiency
of one treatment .

3. A number of six treatments of
chlorazene four per cent, aqueous solu-,,.

CHAAT 8

e_. or Aet vrr

oraaene
oreem

oraaeme
4%

orasens
4%

orasen e
4%

l . -/' -r- + f t _ t t f f-

E . -f- - -f- f- -f- f ~- t - f -- -
3 . f- + - a- _ . -f- ! 7 7 ' - -

-~- - ± f -

7 -t 'f' - - -

6. f ' f f -f -f- - -

a . f - f -~- - -f- f - - -

lo• f f f ~- f f f t f -

eighty-four per cent growth and sixteen
per cent negative .

SET VII . Six treatments of chlora-
zene four per cent, aqueous solution, on
six successive days .

Results : All the test tubes after four
days incubation were negative.

Sets VIII, IX and X were made with
Dichloramin-T 15 0/~o in Eucalyptol .
Set VIII received one treatment for 24
hours . Set IX two treatments for 24
hours, and Set X six treatments for 24

hours.

Results are that three sets gave 100%
efficiency . This drug, however, cannot be
used in this strength as it is exceedingly
painful and destructive . Further work
must be done with it .

Conclusions : 1 . Chlorazene cream

tion, on six successive days gave one
hundred per cent efficiency.

It is not yet ascertained what the
minimum number of treatments for effi-
ciency is and how long the chlorazene
remains sterile in the root canal .

Altho Chlorazene is advertised as be-
ing non-toxic, it was deemed advisable
to test the authenticity of this statement .
The toxicity and irritating effect on liv-
ing tissue was tried by making a subcu-
taneous inoculation in a rabbit's ear
with a few drops of Chlorazene . Sub-
sequent observation for several weeks
showed no injury of suppuration of any
description.

Three teeth from each of Sets II, IV,
VI and VII were used for making cul-
tures for the various structures as in
Experiment IV .
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Set VII shows a high percentage of
negative cultures and we refrain from
overemphasizing the results on account
of not obtaining 10Q°fo efficiency . More
cautious experiments will show the
value of this result. The remaining
sets coincide with their respective cul-
tural results as, stated before .

absorbent points . A new box of these
points were opened under sterile pre-
cautions, the cotton carefully removed
with sterile forceps and the points
picked out with flamed forceps and
dropped into sterile dextrose broth and
placed in the incubator for 24 hours.
Five trials were made and each showed

EXPERIMENT VI CHART VIII
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CONTROLS.

The following checks on procedure
were made :

1 . All media incubated 72 hours
minimum after sterilization in the auto-
clave.

Scissors after flaming gave negative
results on four successive trials.

3. Forceps cultured after flaming
gave negative results on four successive
trials.

4 . An interesting experiment was
made to prove the sterility of the J . & J .

a luxuriant growth after incubation .
We have been led to conclude that these
guaranteed sterilized points should be
sterilized by the operator before sub-
jected to such use as would require the
presence of strictly sterilized material.

Where the medicament in use is a dis-
infectant, the sterility of the points
would be accomplished by this agent,
but where the medicament is not of such
an efficiency, contamination from the
absorbent points might result .

5 . Sterility of Medicaments.
An interesting check on the sterility
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t,

of inedicaments per se was made by
culturing the medicament alone, and by
culturing the absorbent cotton dipped
into the medicament .

A few drops of the medicament were
removed with a sterile pipette which
had previously been flamed, and placed
in sterile culture broth . The results
were negative in every case except nitric
acid, sulphuric acid, hydrochloric acid,
all. fifty per cent, phenol two per cent,
and hydrogen peroxide. These showed

absolute lack of efficiency . ° Column 1
gives the results as indicated above .

Absorbent points placed in each of
the above medicaments and cultured
gave the following results as indicated
in column II. The fact that Cloves,

5 0 °Jo ; Eucalyptol, Campho-phenique,
lodin 7%, Eugenol, were sterile per se,
but when the cotton absorbent points
were placed in the medicament, a posi-
tive growth ensued, shows lack of effi-
ciency in the production of antisepsis,
when a contaminated cotton point was
placed in the medicament . Smears were
made of inedicaments showing growth
and results indicated on column III .

According to these data, the above
medicaments could have been omitted
from the experiments on the evidence
of their own lack of efficiency, while the
negative llroduction illustrated an im-
portant check on the remaining medica-
ments. These organisms, however, may
not be disease producing .

6. All experiments were controlled
in order to prove that the cultures were
not killed by any other means, as for
example,- thru their own toxic products .

For this reason a culture was made of
teeth taken from the same infected me-
dia and placed into sterile dextrose
broth for the same length of time as the
experiment - lasted. These cultures all
grew out and smears showed the exist-
ence of bacteria .

The root canal dressing points used
in the previous experiments were auto-
claved.

CONTROLS

CHECK NO. 5 .

Sterility of Medicaments .

Col. I Col. II Col. III

s. s s

Thymol Alcohol - - No Bacteria

Chlorophenol - '-

aultheria - '-
Formalin 5% - -

Formocresol - -
Chloralhydrate - -

Creosote
- - No Bacteria

HNOa + -I- B

Dentalone - -

Cloves 5% -
Cloves 50% - + Staph.

Iodin 0.5% - -

Phenol 2% + + B

Iodin 2% - - No Bacteria

Formalin '-
HCL + + B

Iodoform - -

Thymol - -
No Bacteria

Lysol 2% - -
Iodin & Creosote

10%n -
Eucalyptol - + G + &B and Spores

Camphophenique - + G+&B

I. & Creosote -

H2 SO
4 + + B

Chain B
lodin 7% -- + Long

Phenol Sat. + + Staph .
HzOa
Alcohol 95% - +

Staph.
Eugenol -

Phenol Sodique - _ No Bacteria
Cassia -

- -Clove s

Staph.=Staphylococoas ; B=Bacillus ; G=Gram.

GENERAL SUMMARY AND CONCLUSIONS .

1 . Infected dentin and cementum are

not readily sterilized by medication,
even when the amount of medicament is
largely in excess of the mass of tooth

structure .

2 . The medicament contained in a
medicated root dressing very readily
and rapidly loses its disinfecting power,
for the dressing itself becomes infected
in a few hours, even from the infected
dentin and without being in contact with
an infected solution.

~
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3 . The medicament in the dressing
dissipates more rapidly when one end of
the dressing is in contact with an infec-
ed culture medium, such condition as
obtains in a periapical infection .

4 . The efficiency of a root treatment
is greater a few hours after it has been
placed in the tooth than after several
days, or even one day's time.

5 . All areas of cementum and den-
tin are difficult to sterilize, as well as
tend to reinfection, when the medicated
root dressing is left more than a few
hours.

6 . The medicaments that are most
efficient, namely, silver nitrate and for-
malin, are very objectionable, the for-
mer by its discoloration and the latter
by its destructing and irritating proper-
ties, except when used very dilute and
for a short time and then quite effi-
ciently .

7 . There is much encouragement in
the use of Chlorazene and Dichlora-
min-T products. They are, however,
exceedingly painful and destructive in
over half of one per cent strength .

8 . We now understand why it has
been that if a root treatment is left in
the tooth for an extended period of time
it becomes foul in odor. Also a verifi -
cation of the observation previously re-
ported by one of us, Price, to the effect
that medicated root dressings will al-
ways show bacterial growth after they
have been left in infected teeth for a
few days .

9. These determinations indicate to
us that an exceedingly small per cent of
the teeth tha!- have been treated by
members of the dental profession in the
past have actually been sterilized.

10. Nature is, and has al vvays been,
very tolerant, and much of the credit that
has been taken by, and given to, the
dental profession fol the sterilization of
infected roots has really been due to
nature for her kindnes.: in tolerating, at
least without local irritation, a probably

almost universal and permanent condi-
tion of infection, tho in lessened amount,
when tooth structures have once been
infected and have been subjected to
treatment.
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