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REPORT OF LABORATORY INVESTIGATIONS ON THE PHYSIZAL PROP-
ERTIES OF ROOT FILLING MATERIALS AND THE EFFIZIENCY
OF ROOT FILLINGS FOR BLOCKING INFECTION FROM
STERILE TOOTH STRUCTURES.

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

(*Tiead before the National Dental Associauion, Chicago. Anzusl. 19)8)

OOT fillings are castings made
R within the pulp chambers of teeth.
They must conforin so exactly to

the size and shape of that chainber
that neither micro-organisms nor fluids,
which may be external to the tooth, can
enter or find lodgment. The form of
this chamber is complex, uncertain and
indeterminate and may vary thru a very
wide range, which fact makes it neces-
sary that the root filling material, or a
sufficient part of it, be inserted in a
moldablc and plastic state. The phys-
ical properties of the materials used for
this purpose are such as to make the
*The pari ol this report which refers to (esls of
tool fillings made In sierile teeth comprises work
done in the Research Imstiluie of the N. D. A. by

Dr. Milten J. Damlos under the wrliter’s personal
guidance, and the balance was conducied elsewhere

task extremely difficull, even under ideal
conditions of pulp chamber and readi-
ness of access. The degree of exactness
required is so great that Jew plastics
can fulfll the requirements since they
do not have the same dimensions after
taking a condition of set th:t they have
in a moldable state. The problem is
renderec still more difficult by the fact
that the operator must work in a re-
stricted field, often of very difficult ap-
proach and requiring slend.r, hair-like
instruments to be used in curved or tor-
tuous channels, even having islands and
bays, and often manv estucries, all of
unknown [orm.

That “a new truth is a new sense”
has been abundantly dem¢nstrated in
our profession by the changes in methods
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of practice that have followed the dem-
onstration of the effects of oral focal in-
lections on the general health of indi-
viduals. A similar change is in progress
regarding methods of root sterilization
and an equally marked change of meth-
ods must follow the establishment of the
truth in the minds of the members of
the dental profession that the physical
propertics of the root filling miaterials
which are in general use today are such
that exceeding great skill and effort and
lavorable condilions are necessary to
make a casting within the pulp chamber
which has the fundamental qualities
required of a root filling. We must
acquire a root filling sense.

The materials that have been in most
general use for root fillings are based
upon adaptations of gutta-percha, the
variations being chiefly in the solvents
used to render it plastic or semi-plastic.
We have not found in the literuture,
dental or otherwise, data on the invol-
ved physical properties of gutta-percha
and the preparations of it as used in
dentistry and it has been necessary for
us to work these out in detail. We have
had this work in progress for several
years and have been fortunate in being
able to engage the assistance of Dr. Day-
ton C. Miller, Professor of Physics,
Case School of Applied Science, Cleve-
land, a physicist of international reputa-
tion. Gutta-percha is a gum and be-
haves similarly to the various waxes
and gums, We have demonstrated, in
previous reports on the physical prop-
erties of waxes,’ ? that the waxes and
gums are likely to retain locked
elasticity in the forin m which we han-
dle them; that, if two pieces of wax cut
o the same dimensions have their elas-
ticity released, they may change in rel-
ative length eighteen per cent, depend-

'Price. The Laws Dotermining the Behavior of

Gold in DYuslng and Casting.-—Denlal Cosmos,
March, 1911,

*Price, Special Researches in Physles.—Jonrnal
of the Nalional Denial Association, Oclober, 1914,
page 110 (Vol 1, No. 4).

ing upon the direction in which the wax
was in a condition of stress at the time
it was chilled. This is illustrated in
Figure 1 in which A represents two
pleces of inlay wax which are identi-
cal in length and cross section. After
they are warmed one has elongated and
the other shortened, as shown in B.
These are photographs from the actual
specimens. The details will be found in
the article referred to. We suspected
that gutta-percha had corresponding
physical properties and one of our first

A B

Two similar wax bars placed in a warm lavest-
ment and cast. A, Before hezting. B, Afier
heating.

Tigure 1.

undertakings was to establish the extent
to which gutta-percha retains a locked
elasticity. One piece of gutta-percha
70x70 mm, on being heated slowly,
changed its dimension to 55x76.5 mm.
On being raised to the temperature of
boiling water thc total area contracted
14.79%. The details will be found later
i the more technical part of this report
by Professor Miller. There was a pro-
gressive change in dimension beginning
at about 40°C (104°F) and continuing
to a temperature of 76°C (169°F). The
length of the sheet decreased twenty-one
per cent and the width increased twenty-
nine per cent. In the second experi-
ment, with another sample of base plate
gutta-percha, the area and volume were
determined and it was found that, when
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starting with a piece 70x70 mm, the
length decreased to 63 mm and the
breadth increased to 72.5 mm; the
thickness increased from 0.843 to 0.912;
the area decreased from 4900 sq. mm to
4567 sq. mm; the volume increased
from 4131 cm to 4165 c¢m. The inter-
vening dimensions are given later in the
report. With this piece the length di-
minished ten per cent and the breadth
increased three per cent. The linear
expansion, due to heat, of a piece of
heated gutta-percha from which the
elasticity had been released was de-
termined and it was found to change
from 121.502 mm to 121.797 mm. on
being increased in temperature from
23°C (73°T) to 76°C (169°F). But
a_very important condition is disclosed
by comparing the dimension at various
temperatures on cooling with the di-
mension at the same temperature when
rising. There is a lag which indicates
a different dimension for a given tem-
perature in (he cooling process and it
probably takes a considerable period of
time for this lag to entirely disappear.
This corresponds with the hysteresis in
a magnetic field. This is graphically
shown in the curve in Figure 8 Tahle
3, of linear expansions which gives the
detailed dimensions in the rising and
falling temperatures. An additional ob-
servation made to determine the change
in' volume showed that from room tein-
perature to the temperature of boiling
water the pink gutta-percha increased in
volume 2.4%. A piece of drab gutta-
percha treated in the same way increased
in volume 2.2%. '

The above determinations explain
why fuids and infection always enter
cavities around gutta-percha fillings, for
every gutta-percha filling is from one
to two per cent smaller after it has
taken the body temperature and its
final molecular state then at the time
it was molded in the cavity. 1f we will
think of a cavity with a dimension of 5
mm and a volume contraction of 1% %,
which would occur if the gutta-percha

were heated to about 75°C at the time of
insertion, the crevice formed by the con-
traction would be sufficient .to permit
twenty-five bacteria, each having a diam-
eter of one one-thousandth of a milli-
meter to enter abreast,.and smaller and
larger ones in proportion. Linear con-
traction 1s one-third volume contraction.
For this reason even temporary gutta-
percha fillings, if they are to protect
dentin  from irritation and infection,
should always be inserted in cement.
We have made determinations of the di-
meansion change when heat is used as a
means of making gutta-pereha plastic,
as follows: Glass cylinders were
packed with gutta-percha, made plastic
by heat and the gutta-percha submitted
to high pressure while cooling. After cool-
ing ink was applied and it readily en-
tered beside the gufta-percha which it
could not do while it was hot. Figure
2 is a photograph taken thru the glass
tube, which has a diameter of about 5
mm. We cannot maintain pressure on
the gutta-percha while cooling in a cav-
ity as was done here and, notwithstand-
ing this maintained pressure which kept
the gutta-percha flowing as long as its
resistance was less than the maintained
pressure, the contraction was sufficient
to let the ink penetrate freely around
the gutta-percha as shown. The pres-
sure used was approximately the limit
of the glass tube and equalled several
hundred pounds per square inch. These
studies bave been primarily to deter-
mine the actual and relative efficiency
of root fillings made of gutta-percha.
We have not included the cements in
this series but expect to later. Dr. A.
E. Webster, Toronto,® has studied the
efficiency of cements and chloro-percha
and gutta-percha and found them all
defective. He did a splendid piece of
work which has not had proper atten-
tion paid to it. The rendering of gutta-
percha plastic by means of heat is not

“Webster, Temporary and Permanent Fillings as
Barriers to Bacieria.—Dental Review, April, 1903.
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at all adequate as a means for molding
it to pulp chambers, and the required
plasticity 1s usually secured by means
of solvents. For this purpose chloroform
and oil of eucalyptol are chiefly used.
Also chloroform in connection with ros-
in. Studies have been made to deter-
mine the physical properties of these
solvents and of the combinations of

Tigure 2.

gutta-percha with them. Chloro-percha
has been used for many years as the
plastic forin of gutta-percha and the ex-
cess of shrinkage has been presumably
controlled by the addition of cones of
gutta-percha placed in the hiquid. Altho
exact observations had not, to our knowl-
edge, been made, this material has been
considered inefficient by many opera-
tors and a solution of gutta-percha in
oil of eucalyptol was used by them in
its stead, as advocated by Dr. John
Buckley. Many dentists have been us-

ing a solution of chloroform carrying
rosin, to act as a solvent for the gutta-
percha points when introduced and as a
sealing material for the dental tubuli
and foramina, suggested by the late Dr.
Callahan, who has contributed so much
to the problem of root fillings. It must
be remembered that, if the pulp chamber
is filled partly by fluid and partly by
solid, the change in dimension of both
of these must be taken into considera-
tion. Gutta-percha dissolved in chloro-
form, to a consistency of a thick creamn
or thick painl, has a volume 300%
greater than that of the original mater-
ial, or, to express it otherwise, if the
pulp chamber is filled with gutta-per-
cha having the consistency of a heavy
paint, when chloroform has evaporated
from 1t, the chamber will be one-third
[ull.  1f we put sufficient gutta-percha
into this paint or cream to occupy 90%
of the total volume, the chamber will
still lack 6.6% of being filled after the
chloroform has disappeared. Probably
one of the greatest errors we have made,
when thinking of gutta-percha in con-
nection with a solvent like chloroform or
eucalyptol, is the presumption that the
softening of the surface of the guita-
percha cone with chloroform, in order
to make it plastic and noldable to the
form of the canal, does not materially
change its dimension. The dimension
is changed greatly with even a small
amount of chloroform, as shown by these
data. Gutta-percha dissolved in chlor-
oform to form a paint has certain very
definite qualities which we should study.
It has adhesiveness while it contains an
abundance of chloroform but loses this
quality almost completely when the
chloroform disappears from it. Conse-
quently, root fillings nade with this as
a solvent tend to leave the walls and
shrink toward a center within the mass,
leaving the space caused by the shrink-
age at the periphery of the mass. T
was, doubtless, to overcome this quality
that Dr. Callahan sought for and de-
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veloped the rosin-chloroform prepara-
tion, and Dr. Buckley the eucapercha
compound. Unfortunately the ultimate
contraction is very great and corresponds
relatively, whether the solvent used is
chloroforin, oil of eucalyptol, or chloro-
form carrying rosin. The gutta-percha
in oil of eucalyptol (eucapercha), as
supplied in the market, has a volume of
417% greater than the volume of the
gutta-percha alone. In other words, a
pulp chamber filled with eucapercha
and submitted to long and complete
drying would ultimately have 249 of
the total volume of the pulp chamber
filled. It solidifics into a lumpy and
curdled mass and does not adhere to
smooth surfaces. This extreme drying-
out process, however, does not occur for
a Jong period of time. Aflter ecight weeks
of spontaneous air drying at room tem-
perature, it reduces to 87% of the orig-
inal. During a sinular period gutta-
percha and chloroform would have di-
minished to 76% of its criginal volume.
It is only hy the addition of artificial
heat, which condition the hody would
furnish, thatl the rate is hastened. See
tables. Moisture does not hasten it.
Rosin and chloroform also undergo a
very great reduction in volume when
mixed to the consistency of a mobile
fluid, approximately corresponding with
sewing machine oil, as suggested by Dr.
Callahan. It has a volume of 406%
of the volurae of rosin. In other words,
if a pulp chamber were filled with a
rosin and chloroform solution of the
above consistency, it would ultimately
only he 24.6% filled. The addition
of gutta-percha cones to occupy say 90%
of this total volume would still leave
approximately 7.5% of the pulp cham-
ber unfilled, when the complete drying
out process has occurred. If a gutta-
percha cone is placed in this Jiquid, it
very rapidly swells so that it will oc-
cupy more space, soon expanding to 4
more or to twice its normal volume, be-

cause of the softening process. The
pulp chamber can only contain a given
amount of material, whether fluid, semi-
fluid or solid, and it is a physical im-
possibility to put in material to make
up for the reduction in volume produced
by the evaporation of the solvent, while
the solvent is present. It is, therefore, a
physical impossibility 1o completely fill
a pulp chamber with gutta-percha made
plastic by any of the above solvents, ex-
cept at the time the gulta-percha con-
tains the solvent. The chloroform and
rosin compound has very distinct and
favorable qualities in that it is very ad-
herent and tenacious in all stages to both
smooth and rough surfaces. It is un-
like each of the preceding compounds in
this respect. The result of this quality
is that when a root filling is made of
this material and gutta-percha cones,
the contraction tends to express itself,
in a large part, by a shrinking towards
the walls if dry, rather than as a contin-
wous disc at the side of the mass and
between it and the wall, and herein lies
the great virtue of this inaterial as a
means for filling pulp chambers.

It will be a matter of surprise, doubt-
less, to most of us to find that a skin
is formed on the surface of each chloro-
percha, and rosin and chloroform, par-
ticularly the latter, which quite effectually
delays the dryving-out process. In a case
of the chloroforin and gutta-percha in a
narrow chamber this skin or film sepa-
rates from the vessel or container. leav-
ing a fault which ultimately makes a
series of caverns, each projecting [rom
the last until the entire mass is honey-
combed. In large chambers it contracts
to a central free mass. Chloroform and
rosin in a narrow chamber of the same
form retains the continuity of the pro-
tecting surface skin by its adherence to
the wall and underneath this film the
liquid retains nearly its original Auid-
ity, due to the control of the vapor ten-
sion by this memhrane. Consequently,
it is not onlv a matter of weeks but of
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many 1wonths before our root fllings
inserted with any of these three com-
pounds will have attained their maxi-
mum contraction. After air drying in
an open vessel for two weeks rosin-chlor-
oform had reduced to 65% of ils orig-
inal volume; in five weeks 59%; eight
weeks 36.4% and the last 129% of the
total shrinkage requiring either a long
period of time or the addition of arti-
ficial heal nearly to the hoiling point of
water for many hours. When we con-
sider the great variety of forms of pulp

Tigure 3.

canals and the variations in size, shape
and divection of the many foramina, it
is evident that either the rool filling ma-
terial must seal these foramina by a
process of retreating while retaining a
close adhesion to the surface of the
foramen, instead of contracting to a
comnmon center of the mass, producing a
fault or space. Different types of mul-
tiple foramina are shown in Figure 3
and Figure 4. In Figure 3 are seen two
lateral canals each contzining root fill-
ing material. Granting that all the tis-
sue was removed from them, which is
doubtfnl indeed, they would soon after
root filling lack considerable of being
completely filled, since the solution of
gutta-percha  which could De forced
into them contained so much solvent,

which would in time largely or entirely
leave the mass. The space the solvent
occupied would be open to periapical
fluids either from the tissues or peri-
apical space, unless a sealed joint is
formed at the external opening of the
canal. This sealing appears to {orm
only on dry surfaces and only with the
rosin  chloroform of the above three
methods. Figure 4 is a specimen made
by Dr. Callahan and shows a large
nummber of {foramina. He found seventy-

five in one tooth and several in most
teeth.

Roor Firimne Erriciency Trsts,

During an zxtended period we have
also been making observations and de-
terminations as to the practical results
that can be obtained by the various root
Hlling methods for comparison with the
above. A large number of extracted
teeth thal had been root filled months or
years previously by splendid operators,
were opened after extraction, cultures
were taken from the root fillings and
dentin, and they were almost unjversally
found to be infected. This, however,
did not mean so much, since they were
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usually extracted because of known per-

idental ipvolvement.” W¢, accordingly,

made a series of -determinations of the
efficiency of root filling materials when
placed in sterile teeth to prevent the en-
trance into the pulp canal and dentin
of infection placed externally. In this

ROOT FILLING EFFICIENCY TESTS.

work we were assisted by Drs. Milton J.
Damlos, on fhe staff at the Research
Institute, and Thomas J- Hill, a practic-
ing dentist, and finally by several den-
tists who kindly made operations for
critical study. The results of these are
included in the following tables:

SERIES NO. I

60 Sterlle Leeth used.
Prepared by Dr. D.
Root fllled by Dr. D.
Tesled and cultured by Dr. D.

Root Tilling Madterials
Chloro-percha
Gutla-percha

", "

Dertin

Root filling "
Apical third
Root filling "
Middle .third
Root f£11lling "
Gingival third

Dentin

Cementum showed & sireplococcus growth in 16%

Effioiency
85%
" " " 26% 76%
" e " 40% 607
" " " 807 40%
. " " 80% 20%

Note—Teelh wero boiled two hours.

percha swas heated 1n autoclave for (hirty minutes at fifteen pounds.
Gingival end ol canal was Alled wilb gulta-percha.

glass.

Gulla-percha points were leated to 180°C for one lhour.

Chloro-
Rool fillings were made under
Afler root Alling, leeth were placed In in-

fecled mixed cullures, frequently renewed and incubated for Afteen days at 37°C. Teeth wove slerillzed

externally in full strength formalin and alcohol before opeuning.

contraction has had tine to be completed.

These resulls are lmmediate before

SERIES XO. IL

11 Steriilzed stratght teeth usod
Prepared hy Dr. D.
" Root fllled by Dr. H.
Tesled and cultured by Dr. D.

Root Tilling Materials
Rosin-Cbleroform
Gulta-percha

Efciency
A Cementum showed a streptococcus growih in..........ccoooun.o.n. T0% 30%
B Deniln showed a streptoeoccus growih in........... .......o...... 90% 109,
C Root filling showed a streplococcus growth In..................... 909, 109%
Apleal tbird.
D TRoot fllllng showed a streplococcus growlh in..................... 609 40%,
Middte third.
E Root fllling showed a streptococcus growth in..................... 40, 609%

Giugival third.

Note.—Theso results are Immedlate before complcte coniraclion,

due to evaporation of solvent.

Efficiency would be less a3 {lne is extended.” C, D and L refer to root filling infection.
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SERIES NO. III.

%o. A B C B E Rosin and  Chloro- Paraffin Growth Efficiency
Chloropercha percha

1 +| + |+ + + 80% 20%
2 + 0% 100%
3 ¥ ¥ + - + 60% 407
i T + 20% 80%
5 ¥ T+ + 404 80%
3 T+ ¥ + 60% 40%
7 [+ ¥ + 66% 40%
8 ¥ T | +| + + 80% 20%
9 [+ | +] + + 80% 207
10 ¥ | +] + + 6807 40%
11 + + 20% 80%
12 + 0% 100%
13 + + 20% 807
14 + + 20% 80%
16 + + 207, 80%
185 + . % 100%
17 + + 20% 80%
18 ¥ + 20% 80%
19 + 0% 100%
20 + + 20% 80%
Parcent Total 6 13 2
157 15%) 36%| 5 65%
§ g %’ § g. 4+ indicates growih.
E|F |2 |FI o
Elzle & 2
= |5 1&8 2 E
A E-E =
$17LE (8] 2
2 = |z 8
2 & E
=
|

Note.—Qul of (wenly teeth only four equaled 100% ecfciency, or a net cfiiciency of Lwenty per
cent, Thesa resulta are immediate before full eoniraclion of root Allings.

SERIES NO. IV.
Thymoxyl Root Filling.

No. A B Q D & T Growth Efficlency
1 - B + + -+ + 100% 0%
2 + + + + + + 100% 0%
3 -+ -+ + 50% 50%%
4 + 4 + -+ -+ 809, 20%
5 + + T + + 80%% 20%
6 R e 4 + -+ 809% 209,
7 -+ + - + + 80% 20%
8 o+ + 3645 0%

Note.—No tooth was free from infecltion. Net efficlency, 0.0%. These resulls are Im-
medlate before full contraction is possihle. Crowm ends of roots wero covered wlih parafin
after root filllng. -+ indlcates growlh.
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SERIES NO. V.

Pustolene Root Fllling.

B C D B ¥ Growih
Areas.
+ -+ + 3 + 100%
+ + + + + 100%
+ + + - + 100%
=3 + + + + 100%
+ + -+ + s 1009
+ + + + 849,
+ + -+ + 849
+ + -+ 66%
= + 5 + 84
+ + - + + 100%
A+ - + + 84%

Efficlency

0%
0%
0%
0%
0%
169
16%
34%
16%
0%
16%

Note.—Net efficiency, 0.0%. ¥ull contraction of root fAlings hud mnot taken place.
Crown ends of roots were covered with paraffin (o protect the root Allings.

ROOT FILLING ANO CROWN FILLING EFFICIENCY TESTS.

SERIES NO. V1. (- = growtih)

17 Sterlle (eeth used. Moot filling material chloro-percha aund gulta-percha.
1 to 11 incluglve crown filllng made of gutta-percha. Apex exposed.
12 to 15 Incluslve crown Riling protected by parafio coaling. Apex exposcd.

16 te 17 entire leath surrounded by paraffin, eveept apex. Apex exposed.

No, A 8 C D E ' Growth Efficiency
iAreas

1 + + + 60% 40%

2 + |+ | + 60% 40%
3 + |+ + [+ | + 100% 0%

4 + |+ +l=x] F 100% 0%
5 T+ F [+ + 1007 0%

6 + 20% 80%

7 + |+ |+ - 60% 40%

8 + + 60% 40%

9 + |+ 40% 60%
10 + [+ + 607% 40%
11 + 20% 80%
12 + + + 60% 407,
1% |+ F [+ F 160% (47
14 + 207 80%
15 N IEIENERE 100% A
16 + + 407, oA
17 + + | | + 80% 20%

487\ 65%| 59% |53% | 94%

Note.—Nel efficiency 0.0%.

Full contraelion of root Allings bad not taken place.
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SERIES NO. VIL

Made by flve differeni dentisis.

< indicates growth.

Aregs #28 £4 H#7
A ¥ + -
B % - -
C + + -
D + + -
E | 4 - | -
F + = e~

#10 | #2 #11 | #12 | #13
+ + + - +
+ + = + +

- + - _ +
— + _ - -
+ + - = +
+ + ' = = +

Full contraction lnd not taken place.

In general the results are as follows:
When teeth were sterilized by autoclav-
ing and kept moist until root filled by
the wvarions methods, in the short space
of time of even two weeks, the great ma-
jority were found to permit the entrance
of organisins from the external surface
into each pulp chamber, the root All-
ing material and the dentin, notwith-
standing the filling material and solvent
used or its method of insertion. These
results were obtained by placing the
teeth, which had been root filled imme-
diately or soon, into the infected cul-
ture medium for from a few days to
two weeks and, accordingly., as bad as
they are, these results certainly are much
better than they would have been alter
the root fillings had been in place sev-
eral months, which time is required
for the complete contraction to take
place. This suggests also that practically
every tooth, the root filing of which is
not protected irom infection from the
mouth hy a competent barrier, is a direct
port for infection to enter the body thru
and past the norimal defenses. There are
several possibilities to be considered.
Is it possible for the body always to

withstand, without injury, the amount
ol inlection that will enter the toot when
it is fHlled as well as possible? Is it

possible to develop a technic that will

Tigure 5.

effectually seal the bacteria from a large
proportion of root filled teeth? Ts
there much hope of effectually filling the
tortuous multi-canals of multi-réoted
teeth in difficult and almost' inaccessible
parts of the mouth? v

In Figure 5 we show a series of ‘root
fillings made by a splendid operator who
said he thought he could fill 95% of
multi-rooted teeth successfully. These
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operations, tho better than most opera-
tors can make, are practically all fajl-
ures from the standpoint of mechani-
cally hlocking the canals.

The teeth submitted to members of the
profession for root filling were nearly
all single rooted straight teeth, as shown
in Figure 6, which also shows their root
fillings. '

The physical changes which occur in
the various uses of gutta-percha are so
great and so nnportanl that every dental
operator should study them carefully,
and for this purpose we give in full
Professor Miller's detailed statements.

determine the coefficient of thermal ex-
pansion.
I

PRELIMINARY VOLUME ExXPANSION.

Experiments were made to determine
the volume expansion by placing the
material in a pyknometer bottle and fill-
ing the bottle with water; the bottle was
heated and the relative expansion was
observed on a graduated glass tube. By
computing the expansion of the glass
bottle and of the water, the expansion
due to the gutta-percha was determined.
The same experiments were made by

Figure 6.

Department of Physics
CAsE SCHOOL OF APPLIED SCIENCE,
Cleveland, Ohio.

Dayton C. Miller.
Charles D. Hodgman.
Robert E. Snyder.

Report by Dayton C. Miller on the
Expansion of Sheet Gutta-percha, sub-
mitted by Dr. Weston A. Price.

The gutta-percha material is in the
form of sheets about 150x75x0.85 mm.
in size, of two colors, drab and pink.
The purpose of the investigation is to

filling the bottle with mercury instead
of water, but there was great difficulty
due to the air enclosed in the capillary
spaces where the mercury came in con-
tact with the pieces of material. After
much trouble these methods were aban-
doned, since they gave anomalous and
irregular results.

I1.
AREA.

Experiments were next made with a
sheet of the pink material about 75 mm.
square. Lines were marked on the sur-
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face forming a square 70x70 mm. This
sheet was successively heated and cool-
ed, and the dimensions of the square
were measured.

‘The sheet contracted greatly in the di-
rection which appeared to be that in
which it was rolled in the process of
manufacture, while it expanded later-
ally. The thickness was not measured
in this experiment, bhut was measured
in a repetition described later.

Table I gives the results of the meas-
ures:

sheet shrank about S mm. in length, be-
ing 65 mm. long, and 72.5 mm. wide.

Measurements were made at 64°C. and
then at 70°C. (159°F.) At the latter
temperature the material was very pli-
able, but not sticky. It was found to
have changed in dimension to 57.0 mm.
x75.5 mm.

At 76°C. (169°F.) the dimensions
were 55.0x76.5 mm. The material be-
came sticky and so soft as to take the
impression of the finger tip. It seemed

TABLE .

SURFACE EXPANSION OT SHEET GUTTA-PERCHA.

Temperature DMmensions after
°C °T heal treaiment
28 82 70 x 70 mn.
26 97 70.3 x 70.0
45 113 69.8 x 70.6
56 133 65.0 x 72.5
G4 147 60.4 x 74.0
70 158 57.0 x 75.5
76 169 55.0 x 76.5
78 173 55.0 £ 76.5
86 187 35.0 x 76.5
91 196 55.0 x 76.5
99.5 211 55.0 x 76.%

Area before healing 4900 sq. mm.
Area after heaiing 4180 sq. mim.
Contraetion of area 14.7%.

The results show that the material
as received lor the supply house is un-
der great internal strain, some dimen-
sions being too great, and some less than
normal, and that the strains are pro-
gressively released by increasing temper-
ature.

The first observation shows that at
blood heat, 36°C, the strains are not
at all released.

At 45°C. (113°F.) the material 1is
slightly pliable, and the strains just
begin to disappear.

At 56°C. (133°F.) the strains were
relieved very considerably, so that at
first the sheet was badly warped by un-
equal strain, and it was easily seen to
shrink, with the unaided eye. The

Remarlks.

Same as at the start.

No contraction,

Pliable.

Sheel warped badly.
it was clearly visible,

Contractlon so rapld
Warp disappeared.

Very pllable, but not stlcky.

Beging to stick to plaie. Takes impression
of finger {ips. Too soft for further measures.

Same as at 76°.

Botled for severa! minutes.

unsuitable for measures at higher tem-
peratures.

However, it was heated to 78°C,
86°C., 91°C. and 99.5°C. (211°F.) the
boiling point. The dimensions did not
change, bul remained 55.0x76.5 mm.

The experiments show a progressive
change in dimension beginning al a terhs
perature of about 40°C. (104°F.) and -,
continuing to a temperature of 76°C.
(169°F.} In this particular specimen of
material, the length of the sheel dimin-
ished about 21%, while the width in-
creased about 9%. 'The area of the
sheet diminished 14.7%, due to shrink-
age produced by heating.

The actual size of the piece of mater-
ial at the beginning and at the end of
the experiment is shown in Fig. 7.
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III.
AREA AND VOLUME.

A second experiment was made with
a sheet of pink gutta-percha, as before,
using a marked square 70x70 mm. The
thickness of the sheet was carefully
measured with calipers at eight places,
and the average thickness is used in cal-
culating volume. The measurements are
shown in Table II.

-

Avea Contracted
14-17% 1*

—

Fig. 7.—Shrinkage in arez of s sheet of dental
gutta-percha, due to heatlng 1o 76°C (169°F),

ued boiling in water for fifteen minutes
did not produce any further change.
Taken in connection with the meas-
ure of thickness, the observations show
that tho the area diminished very much,
the volume does not vary appreciahly.
There is an apparent permanent increase
in volume of less than 1%, but this may
be due to the fact that the heat slightly

roughened the surface, making the
thickness appear too great.
IV.

LINEAR ExPANSION.

A piece of the drab colored gutta-
percha was subjected to temperature
treatment by heating and cooling several
times to SS5°C. and 75°C. and finally
by boiling in water for fifteen minutes,
and then it was cooled slowly. Fine
marks were ruled near the ends of the
sheet, 121.5 mm. apart.

This strip of material was placed on
a special warming plate with arrange-
ments for changing and controlling the
temperature by circulating hot water.

The apparatus was placed on the Mi-
crometer Microscope Comparator.

The expansion of the gutta-percha

TABLE H.
EXPANSION OF GUTTA-PERCHA.

Temperature 22°C=72°F 56°C=133°F
Length and

breadth mn. 70 x 70 5.5 x 71.5
Area

5q. mm. 4900 4669
Thickness

mm, 0.843 0.880
Volume

cu. mm. 4131 4135

These experiments lead to the same
general conclusions as before tho the
cbanges In dimension for this specimen
are less than for the first. The length

diminished about 10%, while the
breadth increased about 3%. The

changes had taken place before the tem-
perature of 85°C was reached. Contin-

85°C=185°F 99.5°=211°F Bolling
63.0 x 72.5 63.0 x 72.5

4567 4567

0.916 0.912

4183 4165

was directly measured with the microm-
eter microscope, with as great precis-
ion as possible. The observations were
taken twice around a cycle of rising and
falling temperatures. The average re-
sults of the measures are shown numeri-
cally in Table 1II and graphically in
Fig. 8.
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TABLE III.

LENGTH OF SPECIMEN IN MILLIMETERS.
Temperature Rlising Falling
°C °F Temperalure Temperaturc
23 73 121.502 121.510
30 86 .551 688
35 95 576 .738
38 100 .599 .748
45 113 .690 .759
a0 122 L7411 .T64
55 131 778 L7706
60 140 794 .780
65 149 .798 .790

.16 169 .97 797

Fig. 4.

The observations show that for rising
temperatures the gutta-percha has a co-
efficient of expansion of 0.0000549 up to
about 38° C. (100°F.) and a coefficient
of 0.0000807 from 38°C. to about 55°C.
(131°F); above 55°C. the expansion 1s
very slow and practically vanishes at
75°C. (167°F). This agrees exactly
with the measures made on the area of
the sheet material as shown in Table I;
the material becomes wholly plastic at
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The coefficient of linear expansion and
of volume expansion (equal to three
times the linear expansion), computed
in accordance with the data plotted in
Fig. 8, are given ih Table IV.

TABLE IV,
COELFTICIENTS O ILXPANSION OF GUTTA-
PERCHA. :
Temperature Linear Volume
(6] ) °F Expansion Expanslon
23-38  73-100 0.0000349 0.000165
38-55 100-131 0.0000870 0.000261
55-75 0.000007 . 0.000021

this temperature. The curve for falling
temperatures shows a very decided lag
in the contraction at the beginning. This
may be due to very poor heat conductiv-"~
ity, which causes the temperature to lag,
and it might disappear if the material
remained -a longer time at each tempera-
ture. Common experience with this ma-
terial “shows that after being softened
by heat and then being apparently cool-
ed to room temperature, its normal rig-
idity réturns slowly.
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V.
REMARKS.

Before being used, this material should
be “annealed” by being heated -to a
temperature of 75°C. (167°F.) Oth-
erwise a long slender cone of the mater-
jal might be placed in a cavity, and
there might later be a contraction in
length of 15% whicbh would pull the
coue out of the cavity.

If the upper end of the cone were
softened with a hot tool, this end would
probably be safely scaled.

If a cone of this material were “an-
nealed” and then placed in a cavity at
a temperature of 55°C. (131°F.) and
then cooled to a temperature of 20°C.,
there would be a lateral contraction of
0.007 mm. (0.0003 inch) in a cone
3 mm. (about ¥4 inch) in diamefer.

The results of the area measurements,
Table I, agree remarkahly with the lin-
ear expansion observations, Table 1II,
and interpreted in Fig. 8. The material
acts like a normal solid up to a tem-
perature of 38°C., expanding at a uni-
form rate and without the peculiar con-
traction shown at higher temperatures.
At 38°C., it may be that some ingredi-
ent of the composition begins to melt,
causing a release of any existing internal
strain and producing a large contraction
in the unannealed and stretched material
which wholly masks the regular thermal
expansion. After annealing, however,
the regular expansion occurs in increas-
ed amount from 38° to 55°. Above the
latter temperature the material is in no
sense a solid.

Respectfully submitted,

(Signed) Dayron C. MILLER,

Professor of Physics.

Cleveland, Ohio, July 8, 1916.

VI.
ApmiTioNaL ExpaNsioN EXPERIMENTS.

A piece of pink gutta-percha was “an-
nealed” in boiling water for ten minutes
with the followiug results:

The lenglb diminished............. 18.0%
The widlh increaged,.............. 1.7%
The thickness increased............ 15.9%
The area dimintshed............... 11.7%
The velume increesed.............. 2.4%

<t

A piece of drab gutta-percha
nealed™ in boiling water for fifteen min-
utes, was changed as follows:

an-

The lengih diminished............. 17.49
The width incrensed............... 7.6
The thlekness increased............ 14.8¢%
The area diminished............,..11.29%
The volume Increased.... ......... 2.29%

A piece of the latter material was
measured as accurately as possible, to
determine its volume, which was 4.764
cuhic centineters. The volume was then
determined with precision by hydrostat-
ic weighing, giving the results 4.760 cu-
bic centimeters.

This result indicates that the meas-
ures so far reported have a precision of
about one part in a thousand.

This material was then treated with
chloroform, for determining the changes
i voluine; but the behavior of the sol-
venl was such that it was necessary Lo
proceed by a new inethod, described in
the next section.

VIL

Errrcts oF CHLORO¥ORM oN GUTTA-
PERCHA.

It was expected that chloroform might
be slowly ahsorbed by the gutta-percha,
but the first touch of the liquid produced
a true solution, which proceeded very
rapidly, the result being a kind of “rub-
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ber paint.” Any portion of the original
material not yet dissolved retained its
original elastic properties.

The material was wholly dissolved,and
the solvent was allowed to evaporate
slowly until the solution just began to
set, and was just firm enough to hold its
shape but could be easily indented. The
volume of this thick solution was 11.085
cubic centimeters, by hydrostatic weigh-
ing.

This amount of material was then al-
lowed to dry thoroly, the solvent being
wholly evaporated. The volume was
now 4.267 cubic centimeters.

There js thus an expansion of volume
in the gutta-percha from a solid to the
condition of a solution which is just
firm enough to hold its shape, of ahout
260%.

After being dissolved in chloroform
and then being dried till the solvent
has all evaporated, tbe gutta-percha re-
turns practically to its original elastic
condition. In its original condition the
gutta-percha is elastic and tenacious;
the material dissolved and dried is in-
elastic and breaks very easily.

Various COEFFICIENTS OF LINEAR FEx-
PANSION.

From Smlthsoulan Physical Tables: (dimersion
change for lemperalure chauge of 1°C).

Gold 0.000014
Silver 0.000019
Platinum 0.000008
Caoulchoue, 16°-25° 0.000077
Guita-Percha, 20° 0.000198
Paraffin, 16°-38° 0.000I30
Paraffin, 38°-49° 0.000477
While Wax 26°-31° 0.000312
White Wax 31°-43° 0.000486
White Wax 43°-57° 0.001523

From (he experimeuls here reporied:

Denlal Gulla-Percha 28°-38° 0.000055
Deutal Gutla-Percha 38°-55° 0.000087
Dental Guita-Percha 55°-75° 0.000007

Respectfully submilted,
(Signed) DAYTON C. MILLER,
Professor of Physies.
Cleveland, Ohlo, July 17, 1916.

Department of Physics
CaSE SCHOOL OF APPLIED SCIENCE.
Cleveland, Ohio.
Dayton C. Miller.
Paul E. Sabine.
Charles D. Hodgman.
George B. Obear.

RerorT By DavroNn C. MILLER ON
SoMmE PHYSicaL PROPERTIES OF
DeENTAL RooT-FrirLing
MATERIALS.

1. GENERAL PROPERTIES.

Investigations were undertaken to de-
termnine the volume, density, contraction,
hardness, and general consistency of sev-
eral materials used hy the dental profes-
sion for filling root cavities. The three
materials tested were submitted by Dr.
Weston A. Price and are describhed as
follows:

A, Rosin dissolved in chloroform.

B. Gutta-percha dissolved in chloro-
forms and eucalyptol oil, a proprietary
preparation known as ‘‘Eucapercha.”

C. Gutta-percha dissolved in chlor-
oform.

The first efforts were made to deter-
mine the rate of contraction, the density,
and the firmness of the material, from its
fluid condition as put into a tooth cavity,
to the condition of being solid. To se-
cure accuracy, and at the same time to
approximate the form of a root filling,
the materials were placed in cylindrical
glass graduates each of a normal capac-
ity of 10 cubic centimeters, but actually
holding ahout 13 cuhic centimeters. Fach
jar was provided with a glass cover
having a ground joint, and was accur-
ately calibrated. Fig. 9, shows the three
jars, containing the materials, after some
evaporation had taken place as described
later.

After careful weigbing, the covers
from the glasses were removed and the
solvents were allowed to evaporate at
room temperature, standing in the sun-
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light when practicable, (in May and
June.) It was thought that the materials
would shrink steadily in volume, and be-
come solid in a few days’ time; and by
making weighings, volume tests and
hardness tests at successive stages, the
information sought could be secured.
This expectation was not realized, for
tbe evaporation proceeded very slowly,
and for the gutta-percha materials in a
very non-uniform manner.

After eight weeks of spontaneous
evaporation in the air at room tempera-

Tig. 9. Jars Conimining Root-Filling Materlals.

ture, the jars remaining uncovered dur-
ing the whole time, the conditions were
as shown in Fig. 9.

The rosin-in-chioroform, had sleadily
contracted in volume, but very slowly in
the last three weeks. It was reduced to
about one-third of the original volume,
the surface being at the level indicated
by the arrow at the side of the jar, the
measured volume being 36% of the
original. The inner surface of the jar
above the mass of rosin was covered
with a firm, adherent coating of rosin,
which shows in the photograph as a dis-
coloration of the jar above the arrow.
The surface of the rosin was hard, but

upon examination with a hard instru-
ment, 1t was shown to be only a thin
shell of hard rosin, not more than a
half millimeter thick, while below this
the material was still in a very fluid
condition. The consistency of this fluid
was that of a thin syrup, such as com-
mon maple syrup.

The EBucapercha had contracted much
less, to about 86% of its original vol-
ume, indicated by the arrow. For
about 12 millimeters near the top, the
substance had assumed the consistency
of dry chalk, a fine granular condition,
and it bad dried with the formation of
cracks, like clay. Below this chalky
deposil the material was in its original
fluid condition with no evident thicken-
ing.

The guila-percha-in-chloroform had
contracted to about 75% of its original
volume. The upper surface was hard
gutta-percha. Upon toucbing this sur-
face, it tipped over revealing the forma-
tion of a “plug” about 2 millimeters
thick, with large irregular air spaces he-
neath. The material was, however,
very fluid in the interior of the portions
which appeared to be solid, and in the
bottom of tbe jar it was as fluid as at
first.

These results indicated that the ne-
cessity of forced evaporation, and the
jars were placed in a water bath and
subjected for various times to tempera-
ture of about 70°C. (169°F.) and 96°C
(205°F.)

The conditions of these tests are best
described for each material separately.

2. RoSIN-IN-CHLOROFORM.

The rosin-in-cbloroform at tbe be-
ginning of the experiinents was a mobile
fluid of the consistency of sewing ma-
chine oil, having a density of 1.382.
After two weeks of spontaneous drying
its volume was reduced by about one-
third, and the density was 1.358. The
conditions of the material at the various
stages of the experiments are shown in
tabular form, Table V.
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As the evaporation proceeded, the ma-
terial left a tenaciously adhering coating
on the walls of the jar, which shows in
the photographs, Tigs. 9 and 10, as a
cloudy appearance of the glass jar above
the line of the solid portion. It forms a
coat of rosin-paint on the inside of the
cavity which secems to be very permanent
and which may be of great importance
in dental uscs. The evaporation to the
solid state required long heating at tem-
peratures much above body-temperatures

rl—‘ == =y c o ol

Fig. 10. Rostn-in-Chlervoferm. Ervaporated in Jur.
as shown by the Table. The final vol-
ume was 24.6% of the initial, as shown
by the arrow in Fig. 10, and the final
density is 1.14, The density of puri-
fied *“violin bow rosin” was determined
experimentally to be 1.07. This indi-
cated the presence of some of the solvent
even at the end of the experiment; or
perhaps, the continued heat treatment
drove ofl some of the natnral, lighter,
components of (he rosin.

Experiments have been made to de-
termine whether the rosin will harden
more rapidly in water, on the possible
supposition that water dissolved the
solvent.

The results show that the water re-
tards hardening, by preventing the evap-
oration of the solvent, and that its ab-
sorhing effect, if any, is imperceptible,

3. BEucAprrcHA.

The eucapercha material used was in
the original package, which had not been
opened. The glass jar was filled with
the material, there being 12.75 cubic
centirneters at the heginning, the density
being 1.432. The results of the experi-
ments at the four principal stages are
shown in Table V1. The appearance

Fig. 11. TDucapercha. Xvaporaled.

after 8 weeks of spontaneous drying is
shown hy the middle jar in Fig. 9, and
the material fully dried is shown in
Irig. 11.

The peculiarities of this rmaterial
showed in a tendency to curdle, or hé-,
come granular (soft granules), and in -
drying on the surface to separate, forn-
ing drying cracks. The solvent seems
to have destroyed to some extent the
rubbery texture of the gutta-percha.
This remains in the material when fully
dried; il is much less tenacious than the
gutta-percha treated with chloroform.

The material, in drying, contracts in
about the same proportion as does the
rosin, but it adheres very lightly, or not
at all, to the walls of the glass jar. When
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completely dried it 1s easily removed
from the glass, the latter being left clean.
This is in marked contrast to the rosin.

4. GUTTA-PERCHA-IN-CHLOROTORM.

The gutta-percha was dissolved in
chloroform, producing a white paint,
similar in appearance to the Eucapercha.
The conditions of the material al the
various stages are given in Table VII,
and the final 4ppearance is shown in
Fig. 12.

This material dried by forming a
hard surface layer, like ice, which cven
when thin, would almost wholly prevent

Tig. 12.

Gutta-Percha-in-Chloroform.
Evaporated.

further evaporation of the solvent. This
action would be complete excepl for the
contraction of the partly solidified ma-
terial, which pulls away from the glass,
and allows further evaporation thru the
opening. This further evaporation takes
place in pockets, producing a porous or
cellular solid. This is clearly shown in
the picture of the final condition, Fig. 12.

When the material dries in the bottle,
it shrinks away from the edges and
rounded corners, and does not form the
inner pockets.

The peculiarities of this material are
that it remains tenacious and rubber-like
even tho it becomes filled with air bub-
bles; it does not become granular; and it
does not adhere to the glass jar.

5. GeNEraL REMARKS.

The first noticeable fact in the ex-
periments was the extreme slowness
with which evaporation proceeded under
spontaneous air drying. It would have
required a year, or more, for the mater-
ials 1o the jar to have solidified. Fven
when heat of 70°C. (169°F.) was ap-
plied, the process was nol much accel-
erated. A temperature of boiling svater
was required, and this was sufficient to
melt the rosin and to soften the solid
gutta-percha.

It is not improbable that the rate of
drying in a tooth-cavity, the walls of
which are more or less porous, would be
different from that in a glass jar. Tt
is possible that the body-fluids may af-
fect the rate; but experiments show that
the placing of the material in water
does not assist hardening, but rather pre-
vents 1it.

A conspicuous physical property of
the materials 1s the great contraction in
volume, the: final volume in one instance
heing less than a fourth of the original
volunie.

Both of the gutta-percha materials not
only contract in volume, but in doing so
they fail lo adhere to the surface of the
jar, leaving it clear of protecting cover-
ing, aud the materjals become porous or
granular in structure. It would seem
that these properties would render the
materials useless for the filling of root
cavities. As an illustratiou it may be
assumed that root canals have diameters
varying from 0.001 inch to 0.015 inch
that is from 0.025 millimeters to 0.375
millimeters, and that bacteria may have
a size varying from 0.0005 mm. to 0.005
mm. The possible contraction of fluid
gutta-percha root-filling marerial in the
smallest root canal may be 0.005 mm.
while for a large canal it may be over
0.075 mn.; these contractions are much
larger than the sizes of bacteria. While
these statements of the contractions are
not exacl because of the uncertainties
in the manner of drying, yet it is certaiu
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that there will be little protection
against the entrance of bacteria.

The rosin solution when drying differs
from the other in that a solid coating re-
mains tenaciously adherent to the whole
inner surface from which (he fuid has
receded, and the solid does not at any
time part from the walls. 'Thus the
whole inner surface of the cavity re-
mains protected, and no cracks are left
where bacteria may entfer thru the small

canal. There is an inner hollow space,
but it is wholly surrounded by the paint-
ed walls, and closed at the bottom by
the solid.

These conclusions, howewer, are not
final in regard to the filling of teeth, for
the conditions in a living tooth are
certainly different from those in the
glass jar. But the facts of physical con-
tractions, etc., are exactly the same in
the two cases.

TABLE V.

ROSIN-IN-CHLOROTFORM.

Ter cenl  Ier ceni Remarks on Condlljon.
Test Treatmenl Densily of first of Gnal
. volume  volume
a  Original
malerial 1.382 100 406 Mobile fluid. Consisiency of sewlng machine oil.
b Afler ajr drying
for 2 wks. ].388 85.3 266 Not noticeadly different from fivst.
¢ After air drying
for 4 wks. 1.2706 59 236 Consisteney of thin syrup.
d  After air drying
for S wks. 1.250 36.4 148 Layer of harg rosin tenaclously adheres (o glass
as fluid subsides.
e After 25 lr. at
TOC{LCO°F) 1.230 3 139 Thick syrup, llke common molasses. A layer of
salid formed on leop. like thin ice on waler. Solid
very thin.
f Afler 60 hr.
al 70°C 1.182 28 114 Like soft wax.
i After 2 hr.
drying at .
86°C(205°F) 1.17 27.6 112 Rosin melted, sa that whole becomes flud. Upon
J . ! X conling a surface layer of “lece”™ forms.
h Afler 18 hr.
drying at
06°C(205°T) 1.14 24.9 101 Very Lhick and sticky.
i Aller 20 hr.
drylng al
G6°C(205°F) 1.14 24.6 100 Solid bul not brittle. Dark colored. Adheres
tenaciously to glass over the whole interior of jar,
TABLE VI.
TUCAPERCHA. -
Per cenl Per cent Remarks on Condition.
Test Trealment Densily of firsl of final
volum:  volume
a Original
material 1.432 100 417 Consistency of palnt.  Very “soft” but not mo-
blle.
b After 8 wks. of
spontaneous
drying 1.486 87 362 Chalky at top for a depth of 12 m. m. with dry-
Ing cracks. DBelow, of the original fiuid consis-
¢ Afler drying 60 Lency. .
hrs. at 70°C
(165°F) 1,530 50 333 Consistency of slizghtly curdied mllk. Very Ilille
stickyness.  Still “'seft” {o (he touch, bui mnot
d Afier drying 20 mohile.
hes. al 96°C
(205°F) 2.870 24 100 Solidified In lumpy or curdled form. Solid, but

casily pulled apart. Does not adhere to the glass.
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TABLE VIl

GUTTA-PERCHA-IN-CHLOROFORM.

Per cent Per cent

Tesl Trealmenl Density of first.  of final
volume  voluiue
a Original
malerial 1.599 1400 300
b Afler 8 wks. of
spontancous
drying 2.02 76 230
¢ After drylng 60
hrs. al 70°C
(160°TF) 2.86 33.3 100
Residue of ma-
terial left iu
Lotile. Dried
spontaneausly.
Original dlam-
eler 3.02 em.
Original
thickuess '
1.29 cm, 2.86 33 100
NOTE.
Density of violin-bow-resin. .. ... 1.07
Density of Chloroform........... 1.48
Density of Lther............... 0.72
Density of Gutta-percha......... 2.90
Respectfully submitted,
{Signed.) Dayton C. MILLER,

Professor of Physics.
Cleveland, Ohio, August 3, 1918.

It will be seen from the above de-
tailed physical report by Dr. Miller, that
we ore using materials which do not
have the properties that our meeds re-
quire. While contraction begins at once,
it will continue slowly for months and
possibly far years. This probably ex-
plains why so many root filled teeth
which at first seem mormal fail months
or years after root filling. FExhaustive
researches should be mode to develop
adequate root filling materials.

The human body is an hermetically

Remarks on Condition.
Consislency of paini.

A “plug” of solid gutia-percha on the top about
1 m. m. thick. Plug was tipped over, revealing
fluid below, wilh air pockels formling.

Solidifled. Consistency of original gutta-percha.
Does nol athera to the glass. TUpon removal from
the jar it was fouud with many alr bubbles. See
photograph.

Dried in a solld cake ju lbe saucer-like botiom
of tbe botile.

Tiual diameter, 2.42 ¢, 80% of orig.

Final tbickness, 0.68 cm. 53%% of orlg,

Final volume, 3.08 cm. 539 of orig.

sealed container, the alimentary tract
being an infolded tube and continuous
with the exterior. Pulpless tccth are
openings thru nature’s protective armor
and as such will be the port of entrance
of infection into the body, unless they
are hermetically sealed. These studies
show that it is extremely difficult and in
many teeth impossible to accomplish this
with the methods and materials in vogue.
Until we can do very much better than
this report shows, no dentist is justified
in devitalizing a healthy pulp except in
case of most exireme necessity, and
seldom, if ever, for ordinary hridge
work. Iivery non-vital tooth, whether
root filled or not, is, by the above, to he
considered under suspicion and must be
kept under observation. An apparently-
tolerant nature has been entitled to much
of the credit for the seeming success of
dental root fillings. We have still to
learn when nature is only apparently
tolerant,



