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STERILE TOOTH STRUCTURES.

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

y OO fillings are castings made
EQ within the pulp chambers of tecth.
They must conform so exactly to

“the size and shape of that chamber
that neither micro-organisms nor fuids,
which may be external to the tooth, can
enter or find lodgiment.  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 illing material, or a
sufficient part of it, be inserted in a
moklable and plastic state.  The phys-
ical properties of the materials used for
this purpose are such as to make the

*The part of this report which refers Lo tests of
oot Hllings wade in sterile teeth comprisesd work
done In the Beseatch Institute of the N, D. A, by
Dr. Mittan J, Damiss under the writer's personal
guldance, and the balance was condueted elsewhere,

13
(*Itead bLefore the Ndtional Dental Association, Chicago, August, 1918))

task extremely difficult, even under ideal
conditions of pulp chamber and readi-
ness of access. The degree of exactness
required is so great that few plastics
can fulfill the requirements, since they
do not have the same dimensions after
taking a condition of set that they have
in a moldable state.  The problem is
rendered still more difficult by the fact
that the operator must work in a re-
stricted field, often of very difficult ap-
proach and requiring slender, hair-like
instruments to be used in curved or tor-
tuous channels, even having islands al
bavs, and often many estuaries, all of
unknown form.

That “a new {fruth is a new scense”
has bheen abundantly demonstrated in
our profession by the changes in methls
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3
of practice that have followed the dem- ing upon the direction in which the wax
anstration of the effects of oral Tacal in- was in a condition of stress at the time
P fections on the general health of indi- it was chilled. This i illustrated in
viduals. A similar change is in progress Figure 1 in which A represents two
resarding methods of root sterilization e of inlay wax which are identi-
and an equally marked change of meth- :Iull m ]_('"-‘_‘j‘”‘ and ‘cross: section. After
ods must follow the establishment of the e “"_n"“l one has clongated apd
: . ) the other shortened, as shown in B,
truth in the muul.:; of the mcmbvrs' of These are photographs from the actual
the dental profession that the physical specimens,  The details will be found in
] properties of the root filling materials  the article referred to.  We suspected
1 which are in general use today are such  that  gutta-percha had corresponding
that exceeding great skill and efiort and physical properties and one of our first
favorable conditions are necessary to
make a casting within the pulp chamber
- i which has the fundamental qualities
§ required of a root Blling.  We must
acquire a root filling sense.
e The materials that have been in most
< PROP- ¥ peneral use for root filings are bused
NCY {1 upon adaptations of gutta-percha, ihe
1 variations being chicfly in the solvents
1 used to render it plastic or semi-plastic.
We have not found in the literature,
‘1 dental or otherwise, data on the invol-
{ vul physical properties of gutta-percha
3 and the preparations of 1t as used in A n
dentistry and it has been necessary for o i " .
A us to work these out in detail. We have - ey gq:‘.ma,":n’:;ca! h'e'il&g‘:'"‘ﬁ.'"ﬁfﬁ}
1 had this work in progress for several beatloe: .
ler ideal 1 vears and have been fortunate in being Fiewes 1.
1 readi- alde to engage the assistance of Dr. Day- ; .
cactness on C. Miller, Drofessor of Dhysics, undertakings was to establish the extent
plastics 't Case Scheol of Applied Science, Cleve- “]) L g?) PRy tagiig B e s
we they land, a physicist of international reputa- %&it%—‘u— ne picec of gnita-pereln
ns after { tion. Gutta- sercha is a gum and be- B4 o, o being h '“m{ slowly,
o Jeoows wes Similarle 1o Varions Waxes cllangql its dimension to 55x76.5 mm.
I s 1 sl cams Woliave demonstrated, 013 'hcmg raised to the temperature of
the fact  previous reports on the physical prop- |l:215_t}1f4 water the total area contracte
1 a re- A crties of waxes,'  that the waxes and . 1. The dclu_:ls will he fm{ml latee
cult ap- gams  are  likely  to retain locked W “:“ e teclipion Jom of ‘this report
wir-like 1 elasticity in the form in which we han- by Professor Miller. ’Ihere was a proc
or lor- 1 dle them; that, if two pieces of wax cut &M"?qe L] d:lm-nsmn heginning
s and 10 the same dimensions have their elas- at about 407¢ 10-{’-‘ ;), il tf“ft"“,“,"-":
NI of ticity released, they may change in rel- to a_temperatureal 76°C (169°I). The
y ative length cighteen per cent, depend- length of the sht'et_ th-L‘r_casu( ey =ane
eomigh g 2 per cent and the width ingreased twenty-
AT 2 I'l'lh‘a. The Taws Flvln‘r_miuhlz the [lrh:n‘i({r of  Nine per cent. n the &gcaml L'Xpl‘l’i-
I(l;(i m 1 G In Fudpg and Casting.—Dental Cosmos, . gr*'l\h‘) .
fethods ] Vaceh, 1910, ment, with another sample of hise plate
1 ibdce. Spehal Beasrches i Physdes—dournal  putla-percha, the area and volume were

o the Sational Inaotal Asseclatlon, October, UL,
page v (Velo 1, No.o 4.

determined and it was found that, when
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report. With his picce the length di-
minished ten per cent and (he breadih
increased three per cent. “The linear

traction is one-third volume (‘ollir;u'liun.

For this reason CVEN temporary g

percha Gillings, if they are to Profect

.-”.' 4 |.g::‘_--h

i
'.'L 5"‘ o
I. e al
;’: o " K
[ 8 i
: 3
1262 THE JOURNAL OF THIZ NATIONAL DENTAL ASSOCIATION, 2
13 A
. o ‘x’a -
starting with o picce 70570 mm, the  were heated to about 7570, e time of 0
length deercased 10 65 mm and  the insertion, the crevive Tormml e " con. "i at all adeq
breadih merased o .rl..a g the g would e suflicient o pergis 3.t to pulp
thickness incrcased from 0,843 to 0.912; t\\—_'n't!l\'~li\'l- bacteria, each Lavinme o1 {1 plasticity, i
i the area decreased from -49010) b L T T M5 of solvents,
) 4507 s mm: the volume  inereased ' Lamilli 3 and oil of,
ot X : - P e meter {o enter abreast awd smalle i
‘F‘i from 31 em 10 4105 em. The inter- P - elal, saller and — ZF Also chloro
;% vening dimensions are given later in the  MUESCE ones in proportion. inear Con- 4 'in. - Studie:

Jmine the |
“solvents an

AB SR

expansion, duc to heat, of g picce of  dentin from irritation  ang infection, Tt
heated  guttas) ercha from which the  shoul always be inserted in ccnu-nt', ) "
clasticity: had been released was de-  We have made determinations of the dir- -

termined and it was found (o change  mension change when heat g used ay i

from 120502 wm o L2797 mm. on means ol muking sutta-perchia plasyie g

being increased  in temperature from gy follows ilass cvlinders “_,l |

W ATIT) 0 To0C (169°F). But  packed with sulis=puercha, made ply s B

Avery importieat condition s disclosed l:rm:rﬁ;_&:m:hpcrdm subimitted i

ELM’ the_dimension_ut varous to high pressure while cooling, Afjer ol -

- a S - i ] . . 2 S e I

wmumwg witl = ing ink wias applicd and it readily o B 1

Jnension at il same M]‘L when  fered DesitleThie sutla-perclin_ which it Lk

iz, There is o lag which mdicafes cmmm‘?r\@:hu!. Figure ‘

a difierent dimension for a given tem- 2 gy 4 photograph taken thru the elass {

periture in - the cooling process and it tube, which has a diameter of aboul 5 H

probably takes o considerable period of mm. \We cannot maintain [Pressire u;a i

_ti'ln_a- for this lag to entirely di.x';llq‘:un'r. fh-cnm—'-lhm—:lﬁl‘—'}-’i il Cooling_in o ) H

['his ('rn':'f'ap;_m;l.lw \\I:]ll .Hu.: ll_\'r‘h‘f;'-‘:ﬁ-lﬁ];“ _!_1_;'_.{|iL.\\';_Li_dum\__hurp and, notwithsga).- H

onagnetic feld, ns s graphically e this maintained wessure which 1. il

shown in the curve in Figure 8 Tahle the_gutta-perch; Lf:"_l‘ll\hﬁ\r:ﬁ'}h{.qs!

: ; Aol linear exp. nsions which gives the  resistance s s (han (he lll:tinl'{im'l?
N .;," detailed dinensions in the rising and pressure, the m”““'“io“-ml-i_.iuﬂ:wit'nl
: g falling temperatures, An additional ob- to_let the ink— henctraie freely aroumnd

oy ‘{ servation made 1o determine (e change ”,E_L'u“?_&jil;r_dm_as_simsm. Tl ,r',.' 8

Foy meovolume showed thay from rgom_tem- suruh_l?sld Was approximately the 5;,:,::{ '

5 B perature to—the temperature of boiling  of e aluss tube ang cqualled svvrr-:l !1
; -

witer the l_li!l_}i__:"llllél-lll'l't'hu increased In

hundred pounds Per square inch, Ty,

il Yolume 247, X picec of drab sutla- - stadies have een primarily to eger- 3
. ok Jrercha Irunim’l'm the sme way increased mine the actual and relative eflicicney % .
} R i ovolume 2,27, oF root fillings made of gutti-perchy, 1 gutta-pereha
X iy Fhe above e crminations expliin: We have ot included the cements i has been us
‘f whiy dluids and aalection alwavs enter this scrics hut expect to later, Py A i} - plastic Torm ¢
- ‘=| COILIes aroud 'l..l.l-])t'llh.l. hi!ln_-_{.zh_l_ol I Webster, Loronto,® has sptin e i cess of shrin

- controlled Ly
“gutta-percha )

t

ph VO egtta |u'n|:._§_ e 1S - dhciencvn g cements aned_g Felyy

g Sl sutta, T e LS 1 <O T _chloraperel,:

il e dwoper_cay_smaller alter it bas ind - sutta porehn and found  them all

! m—ﬁJ o _HIWT 1L_Dag = Al Tound ]
(1
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f Laren_the Tody emp itire and s defective, e did o splendid picce of , exact ahserval
= = - :
1 : ol moleculr e e the time work whicl, has not had proper atten “edge, been n
. ) ! Smee—oe T oy, o e . i . i ! H - = . 5
i Lo t l\\;l- 1311]&{_:[__11; Ii'l_‘#lu_l_\_. l!_\\L \\_t!} ton paid to jt.  “I'he rendering of oy, : “considered in
i 7 think ol o cavity with o dimension of § percha plastic v means ol heat js poy 4 tors and a
: A mnand w o volue contraction of Liee, —/———= : 4 oil of cucaly)
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JMasticity s llFLl;tﬂ\'__chgrml_ by means
o solvents, Tor this purpose thloroton
anb il ol cucalyptol are chicily used.
Alzo chlovoform in connection with ros-
in. - Stuwdies have been made to deter-
mine the physical properties of  these
salvents and - of the combinations  of

o

———

Figpnure 2

witti-percha with them. Chloro-percha
- sy

s Leen_used tor many_ vears G5 the

lastic form of gutt-perehi jnd LllL_L‘_'

st ol shrinkase hoas been presune iy

i

controllod Ty the addition of_cones ol

2 futta-perchy placed in the liquid. \lthe
4 Tact ohservations had not. o our knowl-
4 elge, heen made, this material has been
5 considered inefficient by many opera-
tors and a solution_of _gutti-percha_in
‘Jﬂw‘mnl was used by then in

iiti steadd, as advocated I Dre. John
i

i

= <
Buckley.  Many dentists have been us-

—_—

ab all wdequate as o means for molding
u_to pulp chambers, and the required

ing_a_solution of chlorofor, carrying
rosin, to alt as W solvent for the aulta-
Lpereha poigs when o luesd ang s g
Callahan, who has contributed <o much
to the problem of root illines, Tt must
be remembered that, il (he pulp chamber
is Gilled pardy Iy faid and partly by
solid, the change in dimen-ion of hotl
of these must be wken into consider; -
tion. | Gutta-percha dissolved in chloro-
form, to a consisteney of a thick cream
or thick  paint,  has o volune A0ty
greater than that of (he urizinal mater-
ial, or, 1o express it atherwise, U _the
pulp chamber is filled wirhy tntt=per.
cha™having the eonsisicney of a_ heave
piaint;—when ¢ voratorim has evaporated
fromm=it,~the chamber will he one-third
Tl Wwe put suificiont. goitapreha
it this paint or cream 1o arcupy 90°,
of the tolal volume, the chamber will
still Taek 0,07, of being Bled after the
chloroform has dizappeared. Prohahly
one of the greatest errors we have nuule,
when thinking of cutta-percha in con-
nection with a solvent like chlorolform or
cucalyptol, is the presumption that the
softening of the surface of (he autla-
percha cone with chloroform, in order
to make it plastic and moldable to the
form of the canal, does nog materially
change its dimension. e dimension
is changed greatly with cven o =mall
amount of chloroform, as shown by these
data. Gutta-pereha dis<olved in chlor-
oform to form a paint has cort: in very
detinite qualities which we should sty
It has adhesiveness while it contains an

abundance of chloroform but loses this

quality almost completely  whea (he
chloroform disappears from i, Conse-
quenty, root Hllings made with this s

a solvent (B To Teave (he walls
shrinktoward 3 center within the mass,

iv.'n*injtrt[ﬁfﬁﬁj':_tﬁﬁ@w shrink-
agematTthe periphery_of the mass, It .
was, doubtless, to overcome this quality

Callahan sought for snd de-

that Dr,
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veloped  the rosin-chloroform  prepara-
tion, and Dr. Buckley the cucapercha
compound. Ui fortunately the ultimate
contraction is vory great and corresponds
relatively, whetoer the solvent used s
chloroform, oil of eucalyptol, or chloro-
form carrying rosin.  "The gutta-percha
in oil of cucalvptol (cucapercha), as
supplicd in the market, has a volume of
41766 greater than the volume of the
gutta-percha alone.  In other words, a
pulp chamber illed  with  cucapereha
and submitled to long and  complete
drving would ultimately have 2496 of
the total volume of the pulp chamber
filled. It soliddifies into a lumpy and
curdled muss and does not adhere to
sthooth surfaces,  I'his extreme drying-
out process, however, does not occur for

a long period of time. After cight weeks s water;

of spontancous air drying at room tem-
perature, it reduces to 879 of the orig-
mal. During o similar period  gutta-
percha and chloroform would have di-
minished to 70¢¢ ol itz original volume.
It is only by the addition of artificial
hieat, which condition the body would
furnish, that the rate is hastened.  See
tables.  Moisture does not lasten it
Rosin and  <hloroform also underzo o
very great reduction in volume  when
mixed 1o the consisteney of o mohile
tHuid, approximately corresponding with
sewing machine oil, as sugeested by Dr.
Callahan. 1t has a volume of 4004
of the volume of rosin.  In other words,
it a0 pulp chamber were filled with a
rosin and  chloroform solution of - the
abiove consistency, it would ultimately
only be 20 nlled.  The addition
of gutta-percha cones o ovcupy say 9056
of this total volume would still leave
approximately 7.3¢¢ ol the pulp cham-
her unfilicd. when the complete drying
out process ha o occurred. T o gutta-
percha cone is nlwed in this liquid, it
véry rapidly swells zo that it will oc-
cupy more space, soon expanding to 14
more or to twic its normal volume, be-

tains the solvend.

THE JOURNAL O THE NATIONAL DENTAL ASSOCIATION,

cause of the softening process, ‘e
pulp chamber can only conlain a given
amount of material, whether fluid, semi-
fuid or solid, and it is a physical -

- possibility to put in material to muke

up for the reduction in volume produced

by the evaporation of the solvent, while

the solvent is present. Jtis, therefore,
physical _impossibility to completely il
a_pulp chamber svith gulla-percha mude
M%u&wwmh. ey
cepl__al _the {ime the gulla-percha con-
‘ The chloroform aml
rosin compound has very distinet i
favorable qualities in that it is very wl-
lierent and tenacious in all stages to botl,
smooth and rough surfaces.  1t-is un
like cach of the preceding compouinds in
this respect. Theresult_of this_quality

is that when a root lling is nuule of

tends to express

LN towirds
as a contjy-

w walls if dry, rather than
uous dise at (hvs

0 mass gl

the great virtue of this material
means jor mpmrr—(mfﬂ

Tt will Te amatter of surprise, doult.
less, to most of us to find that a skin

is formed on the surface of cach chlor -

percha, and vozin and chloroform, puar
ticularly the latter, which quite eficetually
delays the drving-out process.  In g case
of the chloroform and gutta-percha in 3
marrow chamber this skin or film sepa-
rates from the vessel or container, leay-
ing a fault which ultimately makes o
series of caverns, cach projecing from
the last until the entire mass=is honey
combed.  In large chambers it contrads
to a central free mass.  Chloroform gl
rosin in a narrow chamber of the sune
form retains the continuity of the pro.
tecting surface skin by its adherence to
the wall and underncath this fln (he
liquid retains nearly its original fluid-
ity, due to the control of the vapor ten
sion by this membrane.  Consequently,
it is not only a matter of weeks but of
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many months hefore our root illings
nserted with any of these three com-
pounds will have attained their mavi-
mum contraction.  After air diving in
anopen vessel for two weeks rosin-chlor-
oform had reduced to 637 ol its orig-
inal volume: in Live weeks S0 eight
weeks S0 1% and the last 127 of the
total shrinkage requiring cither a long
period of time or the addition of arti-
ficial heat nearly to the boiling point of
water for many hours.  When we con-
sider the great variety of forms of pulp

LB Sy

OF ROOT PILLING MATERIALS.
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which would in time largely or entirely
leave the mass. The space the solvent,
occupicd would  he open (o periapical
fMluids either from the tissues o peri-
apical =puce, unless o <caled joint is
formed at the external opening of the
canal.  This sealing appears to form
only on dry surfaces and only with the
rosin chloroform  of the ahove three
methods.  Figure 4 is a specimen made
by Dr. Callahan and shows a large
number of foramina.  He found seventy-

e — = —

Flgure 3.

camals and the variations in size, shape
and direction of the many foramina, it
is evident that either the root filling ma-
terial must seal these foramina by a
process ol retreating while retaining q
close adhesion to the surface of the
foramen, instead of contracting to a
common center,of the mass, producing a
fault or space. lellcnm types of mul-
tiple foramina are shown in VFigure 3
and Figure 4. In Figure 3 are seen two
lateral canals cach containing root hill-
ing material.  Granting that all the tis-
sue was removed fmm them, which is
doubtful indeed, they would soon after
root filling lack mmuhmblc ol heing
completely filled, since the solution of
cutta-percha \\‘luch could  he  Toreed
into them contained so much  solvent,

Figure 4.

five in one tooth and several in most
teeth,
2
Roor Trmine Frriciexey ‘I'r<rs.
During an oxtended periodl we have
also heen making observations and de
terminations as 1o the practical results
that can be obtained by the various root
filling mothmls for mmpnrisnn with the

above. 2\ large _nw xtracted

teeth that Il.'ul heen root Hilled mnnlhs or

years previously by splendid (ﬂ'_"_;‘-_‘_(lr_". G!U//}’I{///ﬁ—/o/ -k

\\cr(* opened alter extraction, cultares
were taken Trom the rool Dlfines and
denting and tlu\' were alimost universally

found to infected. however

Lhis, )
did not mean <o much, since they were

-———-————————————__—_‘_
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wsuallv extracted Locause of known per-
wlental Tovolvemen We, accordingly,
e TSRO terminations of the
clticiency of root Hlling materials when
placed in sterile teeth to prevent the en-
trance into the pulp canal and dentin
of infection placed externally.  In this

L Sterile teeth usal,
Pregared by b, D
Boet Bitled 1y Iy I
Testad wmd cultured by Dr, by,

A Cemontunm showsd a
D Dontin n L

C Root filllng b
Aploal third

D Root filling "
Middla third

E Root filling "
Ginglivel third

F Dentin

Notes “Teeth were Loiled 1w hiours.,
pereha was heated in utaels

contraction has ol fine o be completed.

- ™ = <se- -

10 Sterilized <traizht teeth usal
Piepared by Dy D
Boeot fillcd by D 1L

work we were assisted by Drs, Milm |
Damlos, on the staft at the Resean
Institate, and Thomas J. Ll @ pracen
ing_dentist, and Hoally by several ooy
tists who kindly muade operations g
critical study.  The results of (hese arn
included in the following tables:

ROOT FILLING EFFIGIENCY TESTS.

SERIES NO. L

Root Filling Materials
Chitnro-pereha -
Gulian-pereha

Erﬂoicm,

streptococcus growth in 16% 86%

" 26% 6%
L] n n 40, 604
L L]

"eof 408
n n n BOX 20&

Cutae-percha paints were heatal to BS07C 1or one bor, Chlupa
ne For AWely minntes ot Afeen ponnls,
shiass Gingival emd et canal was el with gutta-
foeted mived cultnres, oequentdy renesed and inenbated for fifteen diys at 4i-
eatermally ine full stres sl formalin amd aleolinl before opening,

Koot Gillngs were made e
perebin AT oot dilling, teeth were placed o
C. Teeth were stepilizeg
These resulls are mediale betoge

SERIES No. L

oot Filling  Materials
Rosin-Chlorofunn

Gulta-perehia k
Tested ol calinred by Dr, 1 o
_ . _ u
Eflleleney
A Cementune s oanwad g sltepieveects prowth in. .. ..., s A L Hory
R Dentin shor ol o0 SURoplocoreus S0t fle e e oo veenrennnsss aneg 1
C o Hoot Hlling showed @ streptovoveus growth i .. ..., .. SRR PR (11 L 1044,
Apical third, !
. .
D Reat Bl showed @ SUEPIOCOeeus g ot il ..o ... .. . T T v, - !
Middie third.
E Root filling showed o streptococens growth in.... . TR T Ll 6Ny
Giugival (had

. Noteo These resul ~ are nmediate lefore
Efletoney would be Yess as gime is extended,

vomplete contraction, e to evaporation of  solyeg
Co D and Eoveler to voor 1illing infeetion,
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ing tables:

s
' E;rflc;enc;'l
16% 86
26% €%
408 - 6cf

80% 40%
80% 204

T oone hear, Chlopa.

owere placed i oine
Toeth were sterilized
e immedinte before

EMrelency
W0
1

107}
T Ao

L

¥ otlon of  solvent.
.

]l_\ 1)rs, Milton l
al the Research
1M o practie-
Ay by several den-
deoperations jor
sults of these are

Sowere made mnder

J"'""ﬂn.cw: ——erenen
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e b o __.‘ii:I!IITS_ }:ll. I 7 - N -
Y. A B ¢ B E Posin and Chloro-  Paraffin Growth Efflclency
' Chloroporchn poreha
—| 7 T .
RIS [T + 4 eoy 207
S + (43 1004
3¢ x + 1 607 ac%
4 1 + 20, 807,
5 ¥ T 4G4 60,5
3 ¥ [+ + 607 10
1 + |+ + + 60 _40%
RS B . + 807 20%
[ +| + [+ T % + 8071 2074
10 A N + 5024 404
1n + + 2c71 804
12 ] + [ 1007
13 + + 204 goZ
1 + + 207 807
s+ + 207 807
:g | + R 1c04
o + + 207 6
18 ¥ ¥ 203 £0/
19 ¥ ok 100
20 N ¥ T 204 507—~g
Porgont Total 6 13 2
_ 187187 357 507 567 :

el Tvan {8 T

Nule.

after root filling.

=00t of twenty teeth only four e
et These results are nmedinte Yer-re rull

coindieates growth,

aade avan Ay J
UG 00 30 payl ey
T domd g pan) 2ippy

u

ST B g DI (eagEgy

aetion of reor lillings.

SERIES NO. v,

Thymeony] Root Fillun,

A It « 4] E I Grawth
+ 2 + + 4 e,
+ +- 3 - + 1yor;

- o+ -t Ay

-+ + ! + -+ §07%
=+ * ik + - Sorg
+ i 4+ + o s
-+ -t -+ - o
] -} Rl

Ted 100 eMicleney, oF 4 nel eMeivney ol twenty per

2047

w0

Nole—XNo toath was Free from infection. Net effeieney, 0.007.  Phese tesulis are in-
mediate before full contiaction is possible. Crown ends of tools were eovered with prerallin

S-oindicates prowth,
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SERIES NO. V.
Pustolene Root Filling.
No, \ i [ I E » Growth Eflelaiey
Areas.

1 3 I + + i -+ B (U1 ) 0l
2 F I -+ sp 3 i+ 1o0°% neg
3 + + + + ' + 1007 (o
4 i F 4 T+ o B ] 10075 L
5 i + + + F woey 0
6 4 3 4 § 4 s W
O : + ik stef 10
8 % + - J [ R A
a9 “t L 4 + bt i 164
i - i A R L
11 i + + -+ + S B U1

Note.—Net enteicney, 0047 Yull contractlon of roct fiilings had mot taken  place,

Crown eids of roots were covered with parafin to pretect the voot lillings,

ROOT FILLING AND CROWN FILLING EFFICIENCY TESTS,

SERIES NO. VL (F = growdly

17 Swerile teeth used, Root lling material oblopo-perelian and gutta-percha,

T
1 1o 11 inclusive erowne filling made of gutia-perclo, Apex exposeill

12 o 15 inclusive erown lling protected by parailin ceating,  Apex ezpesed.

16 to 17 entire footh swresunded by parafiin, exeept spex. Apex exposad,

o T e Y e B g
e . . .

g

o e

Yo, 13 B c D E Groath Efficlenoy
Arcas
1 1 + + 50?5 404
S i S e I T 607 [h/A
3 R 1004 04
4 B 100% 04
N N 1007 0%
s | S N I 207 807
7 B S O 60;% 403
8 e + 6Cjc 407
9 ERE 407 ot 604
10 + |+ N 605 7407
11 ) 20/ 807
12 o + 605 40/,
173 T T+ |+ | 1007 0%
14 ¥ 20% 807
15 Tl F [ ||+ 16074 o7
16 + + 407 607
17 TN R R e ) 807: 20%
4187 651 59711537 | 94%

Nute,—Nel eflict ney 0.05¢.  Full contraction of rool OlHpgs had not laken place,
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SERIES NO. VIL

Mada by llve different dentlsts

- indicates growth,

-
Arens #e8 | M4 #1 o | f2 #11 e | A3

A + + - + + ¥ + +

B + - = + + - ks 4

¢ + + - = +* = = +

IS R I T IR RO R A

B 1 = - + + - - +

¥ + — | - + + = = ___t__|_

|

N
i

-

[

Full contraction hiad not taken place.

In general the results are as follows:
When teeth were sterilized by autoclaz-
ing and kept moist until root filled by
the warions methods, i the short space
of time of cven tiwo weeks, the greal ma-
jority seere found to pevmit the entrance
of organisms from the external surface
into ¢cach pulp chamber, the root Hll-
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 tilled nmme-
diately or soomn, into the infected cul-
ture medium Tor from a few days to
two weeks and, accordingly, as bad as
they are, these results certainly are much
better than they would have heen alter
the root fillings had heen 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 filling of which is
not protected from infection from the
mouth by a competent harrier, is a direct

“port for infection to enter the hody thru

and past the normal defenses. There are
several  possibilitics to he considered.
Ts it possible for the hady always to

withstand, without injury, the wmount
of infection that will enter the root when
it is flled as well as possible?  Ts it
possible to develop a technic that will

Figure 5.

efiectually seal the bacteria from a large
proportion  of oot filled teeth? Is
there much hope of effectually filling the
tortuous  multi-canals of multi-rooted
teeth in difficult and almost inaccessible
parts of the mouth?

In Figure § we show a series of root
fillings made by a splendid operator who
said he thought he could Hll 95% of
multi-rootedd  teeth successfully,
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1270

operations, tho better than most opura-
tors can make, are practically all fail-
ures from the stadpoint of mechani-
cally blocking the canals,

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

The physical changes which ocear in .

the various uses of gutta-percha are so
great and =o important that every dental
operator should  study them carefully,
and for this purpose we wive in full
Professor Miller's detailed  statements,
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determine the coellicient of thermal ex-
pansion,
I

Preciziaxary  Vorvae

Fxraxsioy,

Experiments were made to determine
the volume expansion hy placing the

material in a pyknometer bottle and fi].

ing the Lottle 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 determine,
The same experiments were made by

Al

CEDENOZe |

I._partment of Physics
Case Scunoorn oF Avrin SCIENCE,
Cleveland, Ohio.

Figuro 6.

filling the bottle with mercury  insteaud
of water. but there was great difficulty

Davton €. Miller,
Charles . Hodaman,
Robert E. Snvder.

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

The gutta-percha material s in the

form of sheets about 150x735x0.85 mm. -

in size, of two colors, deab and pink.
The purpose of the mvestigation is to

due to the air enclosed in lhu\,gupillary
spaces where the mercury camd in con-
tact with the picces of material,  After
much trouble these methods were aban-
doned, since they gave anomalous and
irregular results.

1I.
Aria,
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 70570 mm.  This
sheet was successively heated and cool-
cd, and the dimenzions of the square
H
C 0 were measured.
{ The sheet contracted greatly in the di-
{ rection which appeared to he that in
Y which it was rolled in the process of
» manufacture, while it expanded later-
t allv. The thickness was not maeisured
y in this experiment, but was measured
. ina repetition described later.
“a
‘ Table T gives the results of the meas-
1 ures:
14
{
i
3 SURTACE EXPANSION OF
:
- Temperature Dimensions after
N i ] Tieir treatnnent
: 28 82 o
: 3 i Povoanae
i 5 1 T
| a4 143
: ] 147
i i 1%
! i [0
S
¥ i 153
i £ 187
| "l 146
o051
1
i Arca before heating 2900 s, wm,
SArea after heating 150 g0 .
Conteactio i of area .00
!

The results show that  the material
“as received Tor the =upply 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.

s T

— T TN

at all_released.

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

At S6°C, (1337F) the strains were
relieved very considerably, so that at
first the sheet was badly warped by un-
cqual strain, and it was casily seen to
shrink, with the wnaided eve. The

il A e ] A e 1

The first observation shows that _at
T - s et
blood heat, 36°C, the sirains _are not

PRICE- PROPERTIES OF ROOT FILLING MATERLALS. 1271

sheet shrank about 3 mn. in length, be-
ing 63 mm. long, and 72.5 mm. wide.

Measurements were made at o Coand
then at 70 Co (15971 At the latter
temperature the material was very pli-
able, It not sticky, It was Tound to
have chamzed in dimension o 57.0 mm.
X75.5 mm,

At 7o C. (1097 F) the dimensions
were 35,0870 mm. The material be-
came sticky and so soft as to take the
impression ol the finger tip. Tt seemed

TABLE .

SHEET GUTTA-PERCILA

Renarks.

Same as oal the skl

No contraetion,

'liable.

Sivel waried baly,  Contraction so rapid
it was elearly visible, Wi disapl vareil.

Very pliakle, but nnt stivky. :

Begins to stick (o plate. Takes finpression
of lnger tips. Ton soft for further nosisures,

Hime as at

Boiled for several minutes.

unsuitable Tor measures at higher tem-
peratures,
However, it was heate to 78°C,

$6° -, 01 C. and 99.3 €. (211°F.) the.

boiling point. The dimensions «did not
change, but remained 35.0576.5 mn.

The experiments show o progressive
change_in_dimension becmnimg at a temy-
perature ol about 40 C (1041) and
(169 1) In this particular specimen of
material, the length of the sheet dimin-
ished about 200+, while the width in-
creased about 9¢¢.  The arca of the
sheet diminished 1179, due to shrink-
age produced by heating.

The actual size of the picce of mater-
ial at the beginning and at the end of
the experiment is shown in Fig. 7.

B et
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AREA AND VOLUAME,

A second experiment was made with
a sheet of pink gutta-percha, as before,
using a marked square 70570 ., 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 1L

0

Avea Contract ea{

117 \_‘
&

Fig. 7. Shrinkage in area of a sheel of dental
Futba-perela, due o hwating to §67¢ (I69°F),

THE JOURNAL O THIS NATIONAL DENTAL ASSOQOCIATION,

ued boiling in water for fifteen mnmlu
did not produce any further change.
‘I'aken in connection_with the the meas: -
ure of thickness, the oimvr\--ulnma_..huv
that tho the arca_diminished very lmuh.
the_volume does not_vary ap prc(ulrly'
There is an apparent permanent inerease
in volume of less than 19, but this un'\

be due to the fact that the heat slightly

roughened  the  surface, making (he -
thickness appear, too great. o
e

1V, £

Liveak Exeansion. <7

A picce of the drab colored putta-"
percha was subjected  to  temperature ™
treatment by heating and cooling several
times to $37C. and 75°C. and finally
by boiling in water Tor fifteen mnullus
and thea it was cooled slowly. l‘un--
marks were raled near the ends of the
sheet, 1215 mm. apart. :

This strip of material was pl.tu':l on
a special warming plate with arrange-

ments for changing and controlling (he

temperature by circulating hot water, -
The apparatus was placed on the Mi--
crometer Microscope Comparator, -

’

The cxpansion of the gutta-percha

TABLE 1l

EXPANRION OF GUTTA-I'ERCILA. ’ 2% v

Temperature REA AR o

meC=—133°F

Length and

breadth mm. Tox 70 5.3 x T1.5
Arca

S i 00 1669
Thivkness

. 0.813 0,890
Volume

el min, 1131 . 4155

These experiments lead to the same
general conclusions as before tho the
changes in dimension for this specimen
are less than for the first.  The length
diminished about 109, while the
breadth  increased  about 39, The
changes had taken place before the tem-
puerature of 857C was reached.  Contin-

85°C--185°F 00.5°=211"F Rolling

63.0 x 2.5 61.0 x 72.5

1367 B &1 L
B i
0.916 0,912 ty -
A .
1183 4165 P

was dircetly measured with the microm-
with as great precis-

cter microscope,
ion as possible. The ohservations were
taken twice around a cycle of rising and
falling temperatures,  The average re-
sults of the measures are shown numeri-
cally in
Fig. 8.

Table III and graphically in
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CIATION.
- for fifteen minutes L The obscrvations show that for rising.
ful'”lt'r Ch'nll!\:{‘. LENGTIl OF SPECIMEY IN MILLIMETERS. ‘Cn‘pcra(urcs ulcqguua:p‘um]d has a co-
% . . . Teinperatura Rising Falling L PR - 5 K
tion with the weas- B g o Tempoare  Sl0cicnt of expausion ol 0.0000519 up to
¢ observations show 3 i3 191,502 191,510 about 38° C. (100°I".) and_a_coefficient
ainished very much, 30 86 -5l -688 “of 0.0000807 from 38“C. to about 55°C.

SR 5 3 35 95 W56 .78 e T F 4

Lovary ﬂPl“}“-“l‘)- - 1o o e (131°F); above 55°C. the expansion is
lpvt;::nlnput ]errrv;mc‘ 15 1 690 _129 very slow and mm;m:nll' anishes at

Y Ly 50 122 4l Li6d P :

i tl 1;11(: I;lm “ "|: rll‘:t‘i)' 5 131 78 210 75°C. (167°F). 'This agrees exactly
o P AL SHEEY 0 140 704 .780 with the measures made on the area of
“face, making  the 5 149 RG] .40 . e
-~ great, F 168 ot 707 the sheet material as shown in Table I;
by Fle. 4. the material becomes wholly plastic at
NIPANSION. _

, . o 000202

lrab colored gutta- | i /#:ﬁ—ffaff*
ted  to temperature I

and cooling several

75°C. and dinally

for fifteen minutes,
wled slowlv.  Fine
ear the ends of the
(138 '
erial was placed on-
plate with arrange-

and controlling the
alating hot waler,
s placed on the Mi-
Comparator.
of  the gutta-perchac
! Tewperal
K4 ¥ £ 15 B . f (S G

é“t' . 8. L\-&‘nea\"‘ Ex):\au_stau.

Iofﬂcn‘to( Futte Percia

The coefiicient of linear expansion and
of volume expansion (equal to three
times the linear cxpansion), computed
in accordance with the data plotted in
Fig. §, are given in Table 1IV.

TABLE 1IV.
COEFFICIENTS OF ENPANSION O0F GUTTA-
PERCHA.
" Pemperature Linear Yoluma
‘¢ °F Expanslun Fxpanaion
23.38  73-100 0.0000549 0.000185
3355 100131 0.0000370 0.000261
55-9% - 0.600007 0.000021

this temperature. The_curve for falling
WQLBMS
in The contraction at the begitning. 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 fempera-
ture. Common experience with this ma-
terial shows that after being softencd +
by heat and then being apparently cool-
¢d to room femperature, its normal rig-
idity returns slowly.
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V.
REAARKS,

fore beine used, thi crial should

i - 51 B
ed” by being heated to_a

be “annealed”

temperature of 75°C. (167°1.)  Oth-
erwise a long slender cone of the mater-
ialmight he placed _in a_cavity, and
there_wight_Tater be_a_contraction_in
length of 154 which would pull_the
cone_out ol the cavity,

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

If a cone of (his material were “an-
nealed” and then placed in a cavity at
@ temperature of S3°C. (131°F) and
then cooled to o temperature of 20°C,,
there would be a Lateral contraction of
0.007 mm. (0.0005 inch) in a cone
3 mm. (about % inch) in diameter.

The results of the area measurements,
Table T, agree remarkably with the lin-
car expansion obscrvations, Table 111,
and interpreted in Fig. 8. The materia)

Acts like a_norwal solid _up to_a_tem,

perature of 38°C,, c.\'p:mdingw
Torm rate_and_without the_peculiar cop-
traction shoswn._at higher temperatupes,
At 38°C., iLmay—be-that-some—ingredi-
ent of the composition heging to_melt,
causing-a relewse of any existing intenal
shr"u'tuuumeiuuiug—a——h\r_tsu-conlmcli(m
j_l,L_LluLm_l_a_llu_c;dml—-muLﬂrctdm_l material
which wholly masks the regular hermal
expansion.  After annealing, however,
the regular expansion occurs in increas-
ad amount from 38° o 53°. Above the
latter temperature the material is in no
sense a solid,
Respectfully - submitted,
(Signed) Davion C. MiLLig,
Professor of Physics.
Cleveland, Ohio, July 8, 1916.
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AbbpirioNanl Expvansion ExreriyeNyy,

A picee of pink gutta-percha wats -
nealed” in hoiling water for ten minutes
with the following results:

The length diminished. ... ... el 18L0%

The width Inereased. ..o L, L0, T.1%

The thicknesy Incrensed............15.9'/,.
The arca tliminl.\hr.‘d.'..............ll.'i'.’.,.

The velume Increased. ... .... ceeaae 20440

A picce of drab gutta-pereha Yo,
nealed” in boiling water for fifteen min-
utes, was changed as follows:

The Length Llllllilll‘ilh'd..n.....-..--l:.l%

The width inereased. . ....

receveraees T.60%h
The thickiiess ilu-n'.;s\'d............ll.&',’..
The area diminlshed, ., ..., EETTTT | . 1

=L

The volume Increased........ rrases 2,207

A picce of the latter material was
measured as accurately s possible, {o
determine its volume, which was 1704
cubic centimeters. ‘The volume was then
determined with precision by hyvdrostat- -
ic weighing, giving the results 4.760 cu-
bic centimeters. 7 ‘

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

This material was then ftreated witl,
chloroform, for determining the changes
in volume; but the behavior of the sol-
vent was such that it was necessary fo-
proceed by a new method, described in
the next section. &t

VIL

Lrrecrs or Crororory on Gurra-
Prrca,

It was expected that chloroform might
be slowly absorbed 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 “mub.
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PRICE-~PROPERTIES OF ROOT PFILLING MATERIALS.

Any portion of the original
its

ber paint.”
material not vet dissolved retained
original elastic properties.

The material wis wholly dissolved, and
the solvent was allowed o cvaporate
slowly until the solution just hegan to
set, and was just irm enough to hold its
shape but could be casily indented. “The
valume of this thick solution was 11.085
cubic centimeters, by hydrostatic weigh-
g,

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

There is thus an expansion of volume
in the mtta-percha from a =olid to the
condlition of 2 solution  which iz just
firm cnough to hold it= shape, of about
2004,

After heing dissolved in chloroform
and  then being dried till the solvent
lis all evaporated, the gutta-percha re-
turns practically o its original clastic
condition.  In its original condition the
putta-percha 15 _clustic_and _tenqcious;
the material_dissolved and _dricd-is in-»

clastic and breaks very easily,
Vv castly

Corrriciexrs or Lingar Fx-
PANSION,

Vaktors

(dimension

From  Suithsonlan Plasical  Tables:
clange for temperature change of 1°0),

noononty
hooannid
[IRINTITID

Gnld

Nilver

Flaitnmmn

18725

Cavulelione, noamnpgy

Gty Perehia, o/ 0 oonghs
aranin, - 167-38" a.onntin
TareMn, KRR Hi 0000477
White Wax 26-410 0000312
White Wax 3181y 0.000 1806
Whire Wax 437-57° 0.0n1523

Feom the experiments here reported @

Deatal Guitta-Percha L 0.000055
Peunal Guita-Pereha a8".nne 0.000037
Dental Guita-Perchy ART-TH? 0.onnon7

Respectfully sulunitted,
(Sirned)  DAYTON . MILLER,
Profeasor of I'hyates,
Cleveland, Ollo, July 17, 1015,
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Scnoon or ArPLIED SCIENCE.
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Dayton C. Miller.

Taul . Sabine.

Charles 1. Hodgman.

George B. Obear. )

Rerorr ny Davrox . MiLLer
Soate I'nyvsrcan PropERTIES OF
Dexrtan Roor-FIiLrise
MATERIALS,

Case

ON

I GuxerAL  PropeRTIES.
Tuvestigations were undertaken to de-
termine the volume, density, contraction, - .
hardness, and general consistency of sev-
eral materials used by the dental profes-
sion for flling root cavities,  The three
materials tested were submitted by Dr,

Woeston A, Price and are deseribed as
follows: . i
A, Rosin dissolved in chloroform.

B, Guita-percha dissolved in chloro-
form and cucalyptol oil, a proprictary S
preparation known as “Tucapercha.”

C.  Gutta-percha dissolved in chlor-
oform.

The first efforts were made to deter-
mine the rate of contraction, the density,
andl the Ormmess of the material, from itz
Mluid condition as put into a tooth cavity,

to the condition of heing solid. To se-
. . L
cure accuracy, and at the same time to . s
approximate the form of a root filling, e
i ’

the materials were placed in cylindrical
rlass graduates each of @ normal capac-
ity of 10 cubic centimeters, but agtually
hnl(hn" about 13 cubic centimeters. Each
jar was provided with a glass cover
having a ground joint, and was accur-
ately calibrated.  Tig. 9, shows the three
jars, containing the materials, after some
evaporation had taken place as described
luater.

After careful  weighing, 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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e
light when peacticable, (in May and  upon examination- with a hard instru- Pl As
Junel) It was thought that the materials ment, it was shown to be only a thin i-_‘.,}  terial
would shrink steadily in volume, and be-  shell of hard rosin, not more than g i’ -, on the
come solid in a few days’ time; and by 1.0f millinmeter thick, while below (his 9? . the pl
naking weighings, volume tests and )0 material was still i a very fuid a1 s clowd:
!I(il‘(lllt‘SS. lests at successive stages, the o050 The consistency of this flujd 34, the i
infarmation sought  could  be secured. s ihat of a thin syrup, such as con. f ot
This expectation was not realized, for o maple syrup. ’ Y. cavity
the evaporation proceeded yery 5]0_“'1.", The !','m.'u'prrrhrz had contracted mucly E :_uul ¥
and for the gutta-percha materials in a less, to about 861 of its original vol- ¢ ST L .tlc:
Very non-uniforin manner. ume, indicated by the arrow.  For Ao solid
After cight  weeks of  spontancous about 12 millimeters near the top,. the }; perati
evaporation in the air at room tempera- substance had assumed the consis:’uncy o
of dry chalk, a fine granular condition, ?l : -
and it had dricd with the formation of b it
cracks, like clay.  Below this chalky :’; i
deposit the material was i its original é}‘ e
fuid condition with no evident thicken- %1 ai .
ing. L
The  gutta-percha-in-chloreform hiad o
contracted to about 75% of its original g-
volume.  The upper surface was hard [
gutta-percha, - Upoen touching (his sur- K
face, it tipped over revealing the forma- § e
tion of @ “plug” about 2 millimeters {
thick, with large irrecular air spaces he- B
neath.  The material  was, * however, a3
very fluid in the interior of the portions ; i
which appeared to be solid, and in the Phe
bottom of the jar it was as fAuid as at 3
first. ¥
These results indicated that the ne- }- g
Fig. 8. Jars Containing Root-Filling Materlals. (:CSSI()‘ of forced _c\'npnmtmn, and the E, - i‘i;.
jars were placed in a water bath and i g
. .. subjected for various times to tempera- i
ture, the jars remaining uncovered dur- ture of ahout 70°C. (169°F.) and 96°C b as ‘1
ing the whole time, the conditions were (205°T.) _ i . it
as shown in Fig. 9. The conditions of these tests are best . by l
The rosin-in-chloroform, had steadily described for each material separately. fﬁ den
contracted in volume, hut very slowly in 5 b ) . e i fied
the last three weeks. It was reduced to 2. RosiN-ax-Crirorororat. % ) exp
about one-third of the original volume, The rosin-in-chloroform at the e- ~ " ml*
the surface h('i[l“.,' al the level indicated gin[lil]g of the (\xpprin]ents wias a n",hilc l;’ eve
by the arrow at the side of the jar, the  fluid of the consisteney of sewing ma- ) per
measured  volume  being 3650 of the  chine oil, having a density of 1.3§2. H dre
original.  The inner surface of the jar  After two weeks of spontancous -<lrying ’2‘; el
above the mass of rosin was covered  its volume was reduced by about one- B
with a firm, adherent coating of rosin, third, and the density was 1.358. The £ ter
which shows in the photograph as a dis-  conditions of the material at the various ¢ L
coloration of the jar above the arrow. stages of the experiments are shown in { ‘ suj
The surface of the rosin was hard, but  tabular form, Table V. ) so
,:
!
3
£
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PRICE—~DPROPERTIES OF ROOT FILLING MATERIALS.

As the evaporation proceeded, the ma-
terial left a tenaciously adhering coating
on the walls of the jar, which shows in
the photographs, Figs. 9 and 10, as a
clondy appearance of the glass jar ahove
the line of the solid portion. It forms a
coat of rosin-paint on the inside of the
cavity which seems to be very penmanent
and which may he of great importance
in dental uses.  The evaporation to the
solid state required long heating at tem-
peratures much above body-temperatures

—p——e
——

TR

g smm e is
by .. 2 o o
= T e -

T . .

Fig. 10. Nosin-in-Chloraforn, Evaporated in jar.
as shown by the Table. The final vol-
ume was 24.65 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 rtosin’ was determined
experimentally to e 1.07. This indi-
cated the presence of some of the solvent
cven at the end of the experiment; or
perhaps, the continued  heat treatment
drove off some of the natural, lighter,
components of the rosin.

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

12717

The results show that the water re-
tards hardening, by preventing the evap-
oration of the solvent, and that its ab-
sorbing cffect, il any, is imperceptible,

3. Bucavercus

The cucapercha material used was in
the original package, which had not heen
opencd.  The glass jar was filled with
the material, there being 12,75 cubic
centimeters at the beginning, the density
being 1432, The results of the experi-
ments at the four principal stages are

shown in Table VI ‘The appearance

Fig. 11.  Eucaperchia. Evaporated.

after 8 weeks of spontancous drying is
shown by the middle jar in Fie. 9, and
the material jully dried is shown in
Fig, 11

The peculiarities of this nuaterial

showed in a tendency to curdle, or he-
come granular (soft granules). and in
drying on the surface o separate, form-
ing drying cracks. The solvent seems
to have destroved to some ctent the
rublery  texture  of the gutt-percha.
This remains in the material when fully
dricd; it is much less tenacions than the
gutta-percha treated with chlorofor.
The material, in drying, contracts
about the same proportion as dovs the
rosin, hat it adheres very lightly, or not
at all, to the walls of the glass jar. Whea
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completely dried it is easily removed
from the glass, the Tatter heing left clean.
This is in marked contrast to the rosin,

Lo Guara- eena-iN-Crirororor .,

The gutta-p reha was dissolved  in
chloroform, i owducing o white paint,
similar in appearance to the Eacapercha,
The conditions of the material at the
various stages are given in Table VI,
andd the final appearance 1= shown in
Fig. 12,

This material dried by forming o
hard surface Lover, like dce, which even
when thing would almost wholly prevent

!
i

£ ....‘7.._..,.1_7 i ;.‘.1-" -‘W. ' '-'L:»;-:_.._mf‘-—'_'-—-—_—f.-'_. e e -.fbﬂﬂ'_‘—?

'
T

Fig. 12, Gutta-Percha-ln-Chloroforn.
Evaporated.

further evaporation of the solvent. This
action would he complete exeept for the
contraction of the partly solidificd ma-
terial, which pulls away from the glass,
and allows further evaporation thru the
opening, This Turther evaporation takes
place in pocket:. producing o porous or
cellular solid.  This is clearly <hown in
the picture of the final condition, Vi, 12,

When the material dries in the hottle,
it shrinks awav from the edues and
rounded corners, and does not form the
inner pockets,

The peculiaritics of this material are
that it remains tenacious and rubber-like
even tho it becomes filled with wir bub-
bles; it does not become granular; and it
does nat 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
spontancous air drving, Tt would haye
required @ year, or more, for the mater-.
ials in the jar to have solidilied.  Fwven:
when heat uf 70°C, (169°F.) was ap-
plied, the provess was not much aceel-
crated. A temperature of boiling water
was required, and this was suflicient (o
melt the rosin and to soften the solid
cutta-percha,

It is not improbable that the rate of
drving in a tooth-cavity, the walls of
which are more or less porous, would I
different from that in a gliss jar. It
is possible that the body-iluids may af-
feet the rate; but experiments show that
the placing of the material in water
does not assist hardening, but rather pre-
vents it

A conspicuous physical property of
the materials is the great contraction in
volume, the hinal volume in one instance
being less than a fourth of the original
volume, =

1 = 0!
ouly_contract in volume, hodin daing sp
they fail o adhere to the surfaee_ofthe
jar, leaving it clear of protecting cover-
g, .ln(Llllt_‘,L\ernu\ or
granular in_structure. Tt would scem

that these properties would render the
materials uscless for the filling of root
cavities,  As an illustration it may he
assumued that root canals have diameters
varving from 0.0001 inch to 0.013 ineh
that is from 0.025 millimeters (o 0373
millimeters, and that hacteria may have
a size varving from 0.0005 mm. to (L0035
mm.  The possible contraction of fluid
cutta-percha root-filling material in the
smallest root canal may be 0.005 mm,
while for o large canal it may be over
(L075 nu.; these contractions are much
larger than the sizes of bacteria.  While
these statements of the contractions are
not exact heeause of the uncertainties
in the manner of dryving, vet il is certain
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PRICE-—I'ROPERTIES OFF ROOT FILLING MATERIALS

that there will be little protection
against the entrance of bacteria.

I'le rosin solution when drving_differs
other i that a1 solud coating re-

mains_tenaciously adherent fo the whole
1:;1Wall has
receded, —and the solid daes—nat at iy
time_ qu from the walls.  Thus the
whole _inner surface of the cavity re-
mnins‘_jmﬁl_@mrks are left
\vlimMﬁ{Llllu'ilji\ll

1279
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lhun,w,hn nce,

wl \\al. : :low doat the hnltom by
the salid.

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

TABLE V.

ROSIN-IN-CHLOROFORM.

Percent P'er cent

LRemarks on Comdithon,

Test Treatinent Density of tirst  of tnal
volume  volume
a  Original I _
material 1,382 inn {6 Mabile Huid.  Consistency of sewing machine ofl
L After air drylng
for 2 whks, 1458 633 i Not noticeably diterent Crom fir-t
¢ After airdreying
for & whkso  1.2908 an 235 Consisteney of thin syrap.
(a4 After air deying

for 8 wha,  1.200 anLt 13 Laver of hard rosin tenacisusly adheres to glass
as Hnid subsides.

e After 25 hir. at -

FLUR SN R KT S B B 1] Hi 130 Thivk syrup, like common molassed. A Inyer of
solid formad on tep, like thin ice on water, Solid
yery thin.

f After 60 hr.
at 707 1.182 23 114 Like soft wax.
4 .\I‘ler 2 hr.
deving at
uh C205°F) 1,17 27,6 12 Rosin melted, so that whole beeomes fluld, T'pon
i . cooling a surface layer of “ive™ forms.
h  After 1§ hr
drying a
QG°C(2057F) 1.11 4.0 10l Very thick and sticky.
i After 20 hr,

diying at

MTC(2057F) 1 24.6 100 Solid but not brittle.  Dark volored,  Adheres
tenaciously to plass over the wholo interior of Jar.

TABLE VI.
EUCAPERCIA.

'er ¢ent er cent

Tesl Treatment Density uf flrst of nal
volitme  volunie
a  Original

material 1,432 100 {17

bhoArter $ wks. or

sponbancons
drying 1.480 &7 62

¢ Afterdrylng 60

hrs. at 50°C
(164°F) 1.550 |0 343

d  After drying 20

hra. at G5°C
(205°F) 2.870 24 100

e o S———— p—————ve_SSSS SR S e e S EE R s B LSS S S = oot d ek
. 4am MarLy ot BRI A | L7y e BT S L S see ol

Remarks on Condition,

LN

Conslsteney of paint.  Yery “soft” but not mo-
hlle.

Chalky at top for a deptle of 12 m. m. with dey-
Iny eracks.  Below, of the orizinal fluid consis-

teney.

Consistency of slightly ecurdied milk.  Yecy iittle
stickyness.  Still “soft” to the {ouch, but naet
maobile.

Solidifted in lumpy ar encdled form.  Solld, but
easily pulled apart.  Does not adhere to the glass.
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; TABLE VL, .
} e . .
: e GUTTA-PERCHA-IN-CHULOROFOR M. A
: e rer cent Per cent Remarks ou Conditlon. (
s Test Treatment Deusity of Hrst  of fnal
voluine  volume &
: W a  Urlzinl |
v et taterial 1.809 100 300 Consistency of paini. . L
: T
o b After 8 wks, of r
BB ) % Spentaneonsy - r
' e drying 2,02 i 230 A “plug” of solid aulta-parcha on the top abayt
i T Lo w thick.  Plug was tipped over, reveallng
' “ ¢ M'tvr drying 60 fluld beluw, wiih aire pockels forming, l:'
E Ry ; AL At j0C '
’ -_?‘- (1607 2,86 a3 100 Solidifled.  Cousisteney of eriginal gulta-percha, \
h -1 Restdue of ma- Does not adhere to the glass, Upon removal feom A
.‘, X tecial lett in the jar It was found with nany air bubblea, Sy =
A Lottle,  Drjed photograph. 2
3 w .. : A spontancensly, vy Eu
i 23 | Ociginal dian- '
1 Z T ; eler GLul e, vl
1 - . . 3 Original
S - ki thickness
¥ o 23R : ‘_;5'3 L2 em, 2,86 33 100 Drled in a solid cake in the saucer-like Lot .
S Mo ) of the bottle, . T
L iE Final diameter, 2.42 em, 8065 of orig,
AL : " ..' Final thickness, 0.68 ¢m, 3040 of aorig,
bR . ! ; Final volume, 3.09 cu. 5345 of orly,. . —
. 47
3 ! = -,‘g e % . Ih!}
; . : i NoTE, scaled  container, the alimentary ract N
Fow N Density of violin-how-rosin. . . . . .1.07  Dbeing an infolded tube and continuous i‘l‘
| = Density of Chloroform. .. .. . .. ...1.48 with the exterior. Pulpless teeth are
e p t. Density of Ether..,........ ... -0.72 openings thru nature’s protective armor or
e ‘-.p}’ Density of Guttw-percha.........2.90 and as such will be the port of eatrance g
| S T g - . infection + . rme thisis s
% ¢ ”53‘: Respectfully sulmitted, of mhdn_;_:}, mnto the IJO(.I_)’,‘ unless [_h'l_)
Fass T8 aan (Signed.) Daviox € N are hermefically sealed. “These studies
Ly o gy B . AYTON o SMULLE o e —- B
¥ Ty s ’ 2 show that it is extremely difficult and in
! Professor of Physics : : : ; o
; o many teeth impossible to accomplish this
7 Cleveland, Ohio, August 3, 1918, with the methods and materials in vogue, Ve
1 Until we can do very much better than i —
: = It will Le seen from the above de- this report shows, no dentist is justified
{ 'i tailed physical report by Dr. Miller, that  jp devitalizing a healthy pulp exeept in !
L s f ;i, we are wsing malerials ehich do not case of most extreme neeessity,  and
: 8 .,’gzi have the properties that our needs re-  seldom, if ever, for ordinary bridge :
by od, o2 add quire. Whi'e contraction begins at once,  work. Every non-vital tooth, whether
i Sl = ' 3: it will cont nyp slowly for months and root filled or not, is, by the above, ta Le ‘ %
by a e o kL possibly for veqrs. This probably ex-  considered under suspicion and must he I {d
1 o 'y plains why o many rool . filled teeth  kept under ohservation, ¢ apparently- .
. Ir'- . " which at - seem normal fail months  tolerant nature has heen entitled to el 1
Iy i'\ or years after root tlling.  Exhaustive  of the credit for the seeming suceess of ,
ey F researcies should be made to develop  dental root fillings.  We have <l to T
! ’ } adeqiate yoor Hllive wmaterials, learn when nature is only apparenily ;
' b Ihe human bady is an hermetically  tolerant. . ’
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