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OOT fill ings a re cast ings made 
within the pulp chambers of teeth, 
They must conform so exactly to 

the size and shape of that cha mber 
that neither micro-organ isms nor flui ds , 
which may be external to the tooth , can 
enter or find lodgmen t. T he form of 
thi s chamber is complex , un certain and 
indeterminate and may var y th ru a very 
wide ra nge, which fa ct mak es it neces
sa ry that the root fill ing materi al , or a 
su fficien t pa rt of i t, be inserted in a 
mold able and plas tic state. T he phys
ical p roper ties of the ma terials used for 
this purpose ar e such as to mak e the 

' T he part or thls r eport whIch re fers 10 tes ts or 
root flll io gs made In ste rrle teeth coinnrises work 
dono In th s Resea rch Ius tltu te of the N, 0 , A, by 
Dr. Mil ton .J. Da mlos un de r the wr l ters pers onnl 
gUidance, and th e ba tance was conduc ted elsewhere . 

task extremely difficul t, even und er id eal 
conditions of pu lp cha mber and read i
ness of access. T he degree of exactness 
requ ired is so great tha t .ew pla stics 
cal) fu lfill the requi rement s since they 
do not have the same dimensions a fte r 
tak ing a cond ition o r set til: t th ey have 
in a moldable state. The p roblem is 
rend ered still more difficult by the fact 
th a t the opera tor mu st \vOJ k in a re
stricted field , often of very difficu lt ap
p roach and requi ring slender, hair-l ik e 
in struments to be used in Cll rved or tor
tu ous channels, even having islands and 
bays, and of ten man." estue.ries, all of 
un known form. 

T ha t " a new truth is a new sense " 
ha s been ab undan tly demcnstra ted in 
ou r profess ion by the cha nges in methods 
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of practice that have followed the dem
onstr ation of the effects of oral focal in
fections on rhe general health of indi 
viduals. A simila r change is in progr ess 
regarding methods of root ster iliza tion 
and an equa lly marked cha nge of meth
ods must follow the establ ishmen t of the 
tru th in the mind s of the members of 
the dental profession that the ph ysical 
properties of the root filling m aterials 
wh ich ar e in genera l use today are such 
that exceeding great skill and effort and 
favora ble cond itions are necessary to 
mak e a cas ting within the pulp chamber 
which has the fund amental qualiti es 
requ ired of a root filling. We must 
acquir e a root fil ling sense. 

Til e materials that hav e been in most 
general use for root fill ings are based 
upon adaptation s of gutta- percha, the 
variations being chiefly in the solven ts 
used to render it pla stic or semi-plas tic. 
We have not found in the Iit eruture, 
dental or otherwi se, data on the invol
ved phy sical properti es of gutta-percha 
and the preparations of it as used in 
denti stry and it has been necessary for 
us to work these out in detail. We have 
had this work in progress for several 
years and ha ve been fortunate in being 
able to engage the assistan ce of Dr. Day
ton C. M iller, Professor of Ph ysics, 
Case School of Applied Science, Cleve
land, a physicist of int ernational reputa
tion. Gutta-percha is a gum and be
haves simila rly to the various waxes 
and gums. vVe hav e demonstrated, in 
previous reports on the physical prop
erties of waxes,' 2 that the waxes and 
gums are likely to retain locked 
elast icity in the form in whi ch we han
dle them; that, if two p ieces of wax cut 
to th e same dimensions have their elas
ticity released, they ma y change in rel
ative length eigh teen per cent, depend

' P j-lc e. The La ws Doterm ln lug tbe Behavior or 
Gold in Fu sing and Cas llng·.- - Den la L Cosmos. 
March, 1911. 

' P n ce, Special Iteseu rch es in Pl1,Yslcs.-Jonrnal 
of the Nntlcna l Denial ASSOCia tion. October, 1914 , 
pace 1111 (Yo l I. Nil . 4 ). 

ing upon the direction in which the wa x 
was in a condition of stress at the time 
it was chilled. This is illustrated in 
Fi gure 1 in wh ich A represents two 
pi eces of inlay wax which are identi
cal in length and cross section. After 
they are warm ed one has elongated and 
the other shortened, as shown in B. 
T hese are ph otographs from the actual 
specimens. Th e details will be found in 
the article referred to. We suspected 
that gutta-percha had corresponding 
phy sical prop erti es an d one of our first 

B 

Two stmuar wax ba rs placed In 8 warm tnvest 
ment and c as t. A. Bef ore heat\ot'. :e. a rter 
beatin g. 

Figure 1. 

undert akings was to establish the extent 
to which gutta-percha retains a locked 
elas ticity. One piece of gutta-percha 
70x70 mm, on being heated slowly. 
changed its dim ension to SSx76.S mm. 
On being rai sed to the temp erature of 
boilin g wa ter the total ar ea contrac ted 
14.7 ro. The details will be found lat e~" 
in the more techni cal part of thi s repor t 
by Professor Miller. T here was a pr o
gressive change in d imension 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 twent y
nin e per cen t. In the second exper i
ment , with another sample of base plate 
gut ra-percha , th e area and volum e were 
determined and it was found that, when 
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sta rting with a p iece 70x70 mm , th e 
lengt h decreased to 63 mm and the 
bread th increased to 12.5 mm ; th e 
thickness inc reased from 0.8 43 to 0.912 ; 
the a rea decreased from 4900 sq. min to 
4567 sq. rnrn ; the volume increased 
f rom 413 1 em to 4165 em. The int er
ven ing dimensions a re given later in th e 
repor t. With thi s pi ece th e l ength di
mi ni shed ten per cen t and the breadth 
increased three per cen t. T he linear 
expansion, due to heat, of a pi ece of 
heated gu tta-pe rcha f rom which th e 
el ast icity had been released was de
termined and it was fou nd to cha nge 
f rom 121.50 2 mm to 121. 797 mrn . on 
being in creased in tempera tu re from 
23 °C J 73 °F) to 76° C ( 169 °F). But 
a . very important cond it ion is di sclosed 
by comparing the d im ens ion a t varrous 
tempe rat ures on cooli ng with th e d i
mension at the sa me tempera ture when 
rising. There is a lag which ind ica tes 
a d ifferent dimension for a gi ven tem
pera ture in the cooling p rocess and it 
probably tak es a cons idera ble period of 
time for th is lag to enti rely disappear. 
This corresp onds wi th the hysteresis in 
a magnet ic field . This is gra p h ically 
shown in the curve in Figu re 8 T ah le 
3, of linear expans ions which gives th e 
detai led di mensions in the r isin g and 
falling temperatures. An add ition al ob
serva tion mad e to determ ine th e cha nge 
in ' volum e showed that fr om room tem 
pera ture to the temperature of boil ing 
wa ter th e p in k gutta -pe rcha increased in 
volume 2.4 % . A piece of drab gu tta 
percha trea ted in th e same way increased 
in volume 2.2% . . 

T he ab ove determi nati ons expla in 
whv fl u ids an d in fection a lways en ter 
ca":i ties around gutta-percha fillings, for 
every gu tt a-percha filling is fr om one 
to two pe r cent smalle r after it ha s 
taken the body temperat ur e and its 
fina l mol ecula r state then a t the t ime 
it was molded in th e cavi ty. If we will 
th ink of a cav ity with a d imension of S 
mm and a volume contraction of 10 %, 
whi ch would OCCUr if the gutta -pe rc ha 
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were heat ed to about 7?oC at the time of 
insert ion, the crevice formed by the con 
tr action would be sufficien t , to perm it 
twenty-five bacteria , eac h having a diam
eter of one one-thousa ndth of a mill i
meter to ente r a brea st . vanrl smalle r and 
larger ones in p rop orti on. Li near con
traction is one-third volum e con traction. 
F or thi s reason even temporar y gut ta 
p ercha fillings, if they a re to protect 
dentin f rom irri tation an d infect ion, 
should al ways be inser ted in cemen t. 
W e have mad e determ in ati ons of the di
mension change when hea t is used as a 
means of maki ng gut ta -pc reha p la stic , 
as follows : Gl ass cylinders were 
packed with gu tta-percha, mad e plasti c 
by hea t and th e gutta-pe rcha submi tted 
to high p ress ure whi le cooling. After cool
ing ink was ap p l ied and it readily en
tered besid e the gut ta-pe rcha which it 
could not do whi le it was hot. F igure 
2 is a ph otogr aph taken th ru the glass 
tu be, which has a diameter of about 5 
mm, W e cannot maintain pressure on 
the gutta-pe rcha whi le cooling in a cav 
ity as was done here and , notwith stand
ing this maintained p ressure which kept 
the gu tta-percha flowing as long as its 
resist ance wa s less th an the mai n ta ined 
pressure, th e con traction was su fficient 
to let the ink p enet rat e freely around 
the gu tta -p erch a as shown. The p res
sure used was approximately the limit 
of the glass tube and equa lle d several 
hun dred p oun ds per squa re inch . T hese 
stud ies have been primarily to d eter
mine th e actu al and rel a tive efficiency' "" 
of root fil lings made of gu tta-p ercha , \ 
We have no t incl uded the cemen ts in 
this series hut expec t to later. D r. A. 
E . Webster , T oront o," has studi ed the 
efficiency of cemen ts and chloro-pe rcha 
and gutt a-pe rcha and found them all 
def ective. H e did a spl endid p iece of 
work wh ich has not had proper a tten 
tion p aid to it. T he r endering of gutt a
perc h~ p lasti c by means of heat is not 

' Webs!" '. 1'empora ry a nd Perma nen t F ilJ ln~s a, 
Bnrrters to Ba ct er ia .i-- Denta l Review, ApMl, 1903. 
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at all adequate as a mean s for mold ing 
it to pulp chambers, and . the req uired 
plasticity is usuall y secured by means 
of solvents. For this purpo se chloroform 
and oil of eucalyp tol are chiefly used. 
Also chloroform in connection with ros
in. Studies have been made to deter
mine the p hysica l properti es of these 
solvents and of the combinations of 

F igu re 2. 

gut ta-percha wi th them. Chlo ro-percha 
has been used for many years as the 
plastic form of guua- percha and the ex
cess of shrinkage ha s been p resumably 
controlled by the addition of cones of 
gu tla -percha pl aced in the liqu id. Altho 
exact observations had not, to our know l
edge, been made, thi s material has been 
considered inefficien t by many oper a
tors and a solution of gutta-percha in 
oil of eucalyptol was used by them in 
its stead, as advocated hy Dr. J ohn 
Buckley. Many dentists have been us

ing a solution of chloroform carry ing 
rosin, to act as it solvent for th e gutta
percha poi nts when introduced and as a 
seali ng ma teri al for the dental tu buli 
an d foramina, suggested by the late Dr. 
Calla han, who has contrib uted so much 
to the problem of root filli ngs. It must 
be remembered that, if the pu lp cha mber 
is filled partly by fluid and pa rtly by 
sol id , the change in dim ension of both 
of these must be tak en in to conside ra
tion. Gutta-pc rcha dissolved in chloro
form, to a consi stency of a th ick cream 
or th ick pa in t, has a volu me 300% 
greater than that of the or ig inal mater
ial, or, to exp ress it otherw ise, if th e 
pulp chamber is filled with gutta-per
cha having the consistency of a heavy 
pa int, when chlorofo rm has evaporat ed 
from it, the cha mber will be one- third 
ful l. If we p ut sufficient gu tta-pe rcha 
into this pai nt or cream to occupy 90 % 
of the total volume, the chamber will 
still lack 6.6 % of being fill ed after the 
chloroform has disappeared. P robably 
one of the greates t erro rs we have made, 
when thinki ng of gut ta -percha in con
nection with a solvent lik e chloroform or 
eucalypto l, is th e presump tion that the 
soft ening of the surf ace of the gutta 
per cha cone with chlorof orm, in order 
( 0 make it pla stic and molda ble to the 
form of the canal, does not materiall y 
change its dim ension. The d imension 
is cha nged grea tly with even a small 
amoun t of chloroform, as shown by these 
data. Gutta-percha dissolved in chior
oform to form a pai nt has cer tain very 
defini te quali ties which we shou ld study .' , 
It has ad hesiveness while it contains an ' 
abund ance of chloroform but loses this 
qual ity almost completely when the 
chlo roform disap pears f rom it. Conse
quen tly, root fillings ma de with this as 
a solvent tend to l eave the walls and 
shr ink toward a cen ter within th e mass, 
leaving the space caused by the shri nk 
age at the periphery of th e mass. It 
was, doubtl ess, to overcome thi s quality 
that D r. Callah an sought for and de
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veloped the rosin-chloroform prepa ra
tion, and D r. Buckley the eucapercha 
compound. Unfortuna tely the ultimate 
contraction is very great and corresponds 
relatively, whether the solvent used is 
chloroform, oil of eucalyptol , or chloro
form carry ing rosin. The gutta -percha 
in oil of eucalyp tol (eucapercha) , as 
supplied in the market, has a volume of 
417 ro grea ter than the volume of the 
gu tta-percha alone. I n other words, a 
pulp chamber filled with eucapercha 

, and submitted to long and comple te 
drying would ultim ately have 24% or" 
the total volume of the pulp chamber 
fr lled. It solidifies int o a lumpy and 
curdled mass and does not adh ere to 
smooth surfaces. This extreme drying
out process, however, does not OCCUr for 
a long period of time. After eight weeks 
of spontaneous air drying at room tem
perature, i t reduces to 87% of the or ig
inal. During a simila r period gutta
percha and chloroform would ha ve di
minished to 76% of its original volume. 
It is only hy the addition of arti ficial 
heat, which condition the hody would 
fu rn ish , that the rate is hastened. See 
tables. Moisture does not hasten it. 
Rosin and chloroform also undergo a 
very grea t reduction in volume when 
mixed to the consistency of a mobile 
fluid, approximately correspond ing with 
sewing machine oil, as suggested by D r. 
Callahan. It has a volume of 406% 
of the volume of rosin. In other words, 
if a pulp chamber were filled with a 
rosin and chloroform solution of the 
above cons istency, it would ult imately 
only he 24.6% filled . Th e addition 
of gutta-percha cones to occupy say 90 % 
of this total volume would still leave 
approximately 7.5% of the pul p cham
ber unfilled. when the complete drying 
out process ' has occurred . If a gutta 
percha cone is placed in thi ~ Ii q~i d , it 
very rap idly swells so that It will oc
cupy more sp ace, soon exp anding to y,; 
more or to twice i ts normal volume, be

cause of the softening process. Th e 
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 solven t is p resent. I t is, therefore, a 
physical. i mpo ss-ibil-ity to completely fill 
a pulp chamb er with gutta -perch-a made 
plas tic by any of the above solvents, e.x
cept at th e time the gutia-p ercha con
ta in s ib e solv ent. T he chloroform and 
rosin compound has very di stin ct and 
favorable qualities in tha t it is verv ad 
herent and tena cious in all stages to' both 
smooth an d rough surfaces. It is un
like each of the preceding compounds in 
this respect. The result of this quali ty 
is that when a root fillin g is made of 
this material and gu tta-percha cones, 
the contraction tends to express i tself , 
in a large part, by a shrinking towards 
the walls i.f dry, rather than as a contin
uous disc at the side of the mass a nd 
between it and the wall, and herein lies 
the grea t virtue of this mater ial as il 

means for filling pu lp chambers. 
It will be a matter of surprise, doubt

less, to most of us to find tha t a sk in 
is formed on the sur face of each chloro
percha, and rosin and chloroform, pa r
ticularly the la tter,which quite effectually 
delays the dryi ng-out process. In a case 
of the chloroform and gu tta-percha in a 
narrow chamber this skin or film sepa
rat es from the vessel or con tainer. leav
in g a fault which ultimately makes a, 
ser ies of caverns, each projecting [rom 
the last until the en tire mass is honey
combed. In lar ge chambers it contracts 
to a central free mass. Chloroform and 
rosin in a narrow cham ber of the Same 
form retains the continuity of the pro
tecting sur face sk in by its adherence to 
the wall and underneath this film the 
liqui d retai ns near ly its original fluid
ity, due to the contro l of the vapor ten
sion by th is memhrane. Consequently, 
it is not onlv a mat ter of weeks but of 



6 PRICK - PR OP ERTIE S OF 

many month s before our root fill ings 
in serted with an y of these th ree com
pounds will hav e a tta ined thei r maxi
mum cont raction. After ai r drying in 
an open vessel for two weeks rosin-chlor
ofarm had reduced to 65 % of its orig
inal volume; in fivc weeks 59 % ; eigh t 
weeks 36. 4% and the l ast 12% of the 
total shrinkage requiring either a long 
peri od of time or the ad dition of arti
ficial heat nea rly to th e haili ng pain t of 
water for man y hour s. Wh en we con
sider the great ' va riety of for ms of pulp 

F ig u re 3. 

canals and the varia tions in size, shape 
and direction of the many foramina, it 
is evident that eithe r the root filli ng ma
ter ial mu st seal these foram ina by a 
process of retreatin g while retaini ng a 
close adhesion to the sur face of the 
foramen, instead of contracting to a 
common center of th e mass, produ cing a 
fault or space. D ifferent types of mul
tiple foramina are shown in Figure 3 
an d F igure 4. In Figure 3 a re seen two 
lateral canals each conta ining root fin
ing materi al. Granting that all the ti:
sue was removed fr om them , whi ch I S 

doubtfnl indeed, they would soon after 
root filli ng l ack considerab le of being 
completely filled , since the solut ion of 
gutta-percha which could be forced 
int o them conta ined so much solvent , 

R OOT F ILL ING I'vIA TER1ALS. 

which would in time Ia rgely or entirely 
leave the mass. T he space the solvent 
occupied would be open to periapical 
fluids either from the tissues or peri
api cal space, unl ess a sealed join t is 
fanned a t the ex tern al opening of the 
canal. This seal ing ap pea rs to f011D 
only all dry surf aces and only with the 
rosin chloro form of the above three 
methods. Fi gure 4 is a specimen made 
by Dr. Callahan and shows a large 
number of foramina. H e found seventy-

I_ _~-= =_~---' 
F igu l" e 4. 

fi ve in one tooth and several lTI most 
teeth . 

'RO OT FIL LI N G EFFICIEN CY T ESTS. 

Dur ing an extended peri od we have -, 
also been mak ing observa tions and de-

" 
\. 

termina tions as to the practical results 
tha t can be obtained by the var ious root 
D.lling methods for comparison wi th the 
above. A la rge number of extrac ted 
teeth that h ad been root fi lled months or 
years p reviously by sp lend id operators, 
were opened after ex tract ion , cultures 
were taken fro m the root fill ings and 
dent in, and they were almost un iversally 
found to be infe cted. T his however 
d id not mean so much, since' th ey wer~ 
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usuall y extrac ted because of known per work we were assisted by Drs. M ilton J. 
idental involvem'enC- We; accordingly" Daml os, on me staff a t the Research 
mad e a -scr ies of 'determinations of the Institu te, and Thomas J~ Hill, a practic
effic iency of root filli ng materials ' when ing dentist, and finall y by several den
placed in ster ile teeth to p revent the en tists who kindly made operat ions for 
trance into the pu lp cana l and dentin crit ical study. The result s of these are 
of infection placed externally. In th is included in the following tab les : 

ROOT FILLING EFFICIEN CY TE STS, 

SE RIE S NO. I . 

A 

B 

E 

F 

60 Sf er tte Lee th u sed. Root Fi ll in~ M•.terl a l s 
P repa red by Dr. D. Chlo rn -pe rcha 
Root filled by Dr, D . Gu tta- percha 

'fe, lecl and cu ltured by Dr. D. 

Ef f i o Le ncy 

Cementum sbO'1J6d a s t r ep tococcu s groWth in 16% 85% 

It. .. ft ..Dentin " 26% 15% 

n It· ,Root filling " n 40% 60% 
Apio'al third 

nRoot filling .. 
It 80% 40%" 

Uiddh _th i Td 
ItRoot filling " " It 60% 20% 

Gingival third • 
Denti.n 

No t.e-Teeth wero boil ed two hours. Gu Lla -pe reha points Were hea ted to 180· C f~r one hou r. Ch loro 
ner ch a was heated In autoclave for I.hlrty minu tes a t fifte en pou nd s . Root fi ll in ~s were ruad e und er 
gla ss. Gingival end 0{ canal was fill ed wltb 1'1ltt a- percha. Ane r root 'fill i ng, teetn we re pl aced In in
rec ted m ixed cult ures . i req uentl y r en ewed an d incuba ted for tWeen days at 37·C. Teeth wore s te rt llze d 
exter-nully in f'ul! s tr ength for malin a nd a lc oho l before ·np elli n.g,. The~e r esu tts D,T e imm ed iate before 
co n traction ha s had time to be comp let ed. 

SER IES XO. n . 

11 Stet-ll lzed atra.lght te eth used RO Ol FiLl io g l\'C a te r ill.ls 
P repare d hy Or. D. Rosin-Cb lor oform 
Roo,t filled by Dr. H. Gu tt a -ner ch a 
Tes ted an d cultu red by Dr. D. 

Effici ency 
A CemenLu m show ed a s t reptococcus gro wth In 70% 30% 

B Dentin showed a s trep t.oeoccus growLh In , 90% 10% 

C Uoot filling showed a streptoc occ us growth In " " 90% 10% 
Aplca] tb lrd. 

D Root Illlfng showed a s treptococcus gr owth in " 60% 40 % 
Middle th ird . 

E Roo t tlHi.ng showed R s t rep tococcus growth In . . . . . . . . ... •.. . . .. ... 400/Q 600/0 
Glug lvlli third . 

Nole .-Thes o results a re Immedia te befor e comp le te contracuon, du e t o evapora tion of solven t. 
Effic iency wou ld be less as tim e is extended. ' C, D a nd E Tefer to roo t fill h'g infection. 

http:In...........�


8 PRICK- P ROPER T IES OF' ROO T F ILL ING MATERI ALS. 

SE RIES NO. III . 

No. A B c E Roain and Chloro- Paraffin Growth Effioi e nc~ 

Chloropercha percha 

1 + + + 801. 20%+ + 
2 + D1. 100% 
:3 + + + of 60% 4or. 
4 + + 20% 80% 
6 + + + 40· 8 

+. 6 + + + 60 . 4
7 + + 6Qo 4+ + ..
8 + ++ + + aa. 2 

+ + Am ?rl19 ++ + 
10 + + + + 6al' 40~ 
11 + + 20 BC. 
12 + ( . 10C. 
13 + + 20" Rt 
14 + + 20 BC 
15 + + 2C • 8 ( ' 
15 + C • 100.11 + + 20 . 80 .,.18 + 20 • 80% 
19 + Olb ioos 
20 + + 20% 80% 

Peroent Tot al 5 I;', 2 
IS% 161- 35% 5~ 55% 

~ IC)o ~ I -I- indic a tes ~row ( h .~ 5' 3'" ~ '" o· 0. ..
'" = 2 
s 

" " ~ 

" '" 
!"'" 

e.if 
&;; :;. :; 0. 

0...,;g" 
!" I :3 

~ 

~ 

0. 
:;j' ro 
'"-E 

a. i a8, 

g ... 
~ 

0~ ge 

No(e.-Out or tw ent y teeth only four equa led 100 % emcie n<..: y, or a 
cen t, Th eso r esu lts a r e immed ia te I.> ~ t,) r e full cu n tra ctlon of TOOl filli ngs . 

net efficiency or twent y p er 

No. A n C 

SE RIE S N O. I V. 

T hy mon! Hoot ~ ill in g . 

D E F Growtb E ffid eocy 
-, 
" 

-I- -I- -I- -I- -I- -I- 100% 0 0;0 

+ -I- -I- -I- + + 100% 0% 

-I- -I- -I- 50 % 50% 

-I- -I- -I- -I- -I- 800/'0 20% 

-I- -I- + -I- -I- 80% 20% 

-I- -I- -I- 80% 20% + + 
-I- -I- -I- 80% 20% + + 

-I- -I- 30'% 70% 

No1.e.-No tooth wa s free from in recu on , Net efficiency, 0.0 % . T llese res uus are 101
medi a te I.>efore fu ll con tra ction is posst hle. Crown ends of ro ots wera oovoren wlt h p ar-a tllu 
after roo t fill in g. -I- ind lcates grow l.h. 
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No. 

1 

2 

3 

4 

5 

6 

8 

0 

10 

11 

A 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

II 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

SE RIES N O. V. 

Pustol eu e ROOL Fi lli ng . 

C D E 

A,·eas. 

+ + -!-

+ + + 
+ + + 
+ + + 
+ + + 
+ + 
+ + -.
+ + + 
+ + + 
+ + + 
-t· + + 

F 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

ern"lh 

100 '1a 

100 % 

100 % 

100 % 

100% 

8 4% 

84 % 

66 % 

84% 

100% 

84% 

Effic iency 

0% 

0% 

0% 

00/0 

0% 

16 % 

16% 

34% 

16% 

0% 

16% 

Note .-Nei efflclency, 0.0 %. Ful l cont rnc tton of ro ot fil lings h ad not !.'llcen pla ce. 
Crown ends of roots were cover ed wlll l pa rnfttn 10 protect the root 1I1I In:;8. 

ROOT FILLIN G AND CR OWN F ILLING EFF ICIE NCY TESTS . 

SE RIES NO. Vl . C+ == I:rolVlh ) 

17 sterile teeth used . Hoot fill in g rna ter-la! chl oro -p ercha and gu t.ta- perch n , 
1 La II Inclu s ive c ro wn ftlUng mad e o r gut ta -perch n. A pe~ exposed . 

12 to 15 Incl us ive crow n IIllln\: p rot ect ed by pa ra ffin coatin g. Apex CX1JOscd. 
16 to 17 en tir e IIX'l th su r rounded by paraffin , exce pt apex. Apex exposed. 

No. A B C D E G r ~ th Erfi ciency 

Ar ea a 
1 + + + 60% 4 ~ 

2 + + + 60% 4()';. 

:3 + + + + + 100% ~. 

4 + + + + + 100% ~ 

5 + + + + + 100 0 O'i 
6 + 20'10 8 ~ 

7 + + + 6CIj{. 40 0 

8 + + + 60;. 4C 
9 + + 40 . 6C to 

10 + + + 6 00 4C Ob 

11 4- 20 c 8e II> 

12 rt- + + 5C 0 40' . 
13 T' + + + + IDe 0 O ~ 

14 + ~c ~ 80. 
15 + + t + + 10C 70 0% 
16 + + 4C o 60 . 
17 + + .,.- + 8C. 20;(, 

481- 65% 59% 53% 94% 

Notc .-NcL efficiency 0.0 % . F u ll contrn eno n o f root fillin gs bad not ta ke u pln ce. 

\ 

\ 
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SERIES NO. VI! . 

Mad e b .v flve dlrrerent denti st s. + ind icates zr owtb. 

AreQ.B #28 -{f4 #7 #10 1F,2 #11 #12 #13 

A + + - + + + ... + 

B + - - + + - + + 

C + + - - + - - + 

D + + - - + - - -
E oj - - + + - - + 

F + - - + + - - + 
-. 

Full CO llt l'aCUOH had not t :lt~ C.fl. place. 
=========== -=. =========== 

In general the results are as follows: 
W hen teeth were sterilieed. by autoclou
ing and ke pt moist until mot filled by 
the varions methods, in the short space 
of tim e of even two weeks, the great ma
jority were found to permit th e entrance 
of organisms from the extern al surface 
into each pulp chamber, the root fill
ing materi al and the dentin , not with
standing the fillin g material and solvent 
used or its method of insertion. These 
results were obta ined by placing the 
teeth , whi ch had been root filled imme
diately or soon, into the infected cul
tur e medium for from a few days to 
two weeks and, accord ingly . as bad as 
they are, these results cer ta inly are much 
better than they would 113ve been after 
the root fillin gs had been in place sev
eral months, which time is required 
for the complete con traction to take 
place. This suggests also that practicall y 
every tooth , the root filling of which is 
not protected from infection fr om the 
mouth hy a compet ent barrier, is a direct 
port for infection to enter the body thru 
and past the normal defenses . There are 
severa l possibilities to be consid ered. 
I s it possible for the body always to 

with stand, without inju ry, the amount 
of infection that will en ter the Toot when 
it is fi lled as well as possible ? I s it 
possible to develop a techni c that will 

F igu r e 5. 

effectually seal the bacteria fr om a la rge \', 
proportion of root filled teeth? I s 
there much hope of effectually filling the 
tortuous mul ti-can al s of multi-rooted 
teeth in difficult and alrnost '{naccessible 
parts of the mouth ? 

III Figure 5 we show a series of .root 
fillings made by a splendid operato r 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 mak e, are pr acti cally . all fail
u res fr om the standpo in t of . mechani
call y blockin g the, cana ls. , 

T he teeth sub mi tted to members of the 
p rofession for root .filling were nearly 
all single rooted str aight teeth , as shown 
in F igure 6, which also shows their root 
fill ings. 

T he p hysical changes whi ch occur in 
the var ious uses of gutta-percha are so 
grea t and so importan t th at every dental 
ope rator should study them carefully, 
and for thi s purpose we give in full 
P rofessor Miller 's deta iled statemen ts. 

RO O'I' F ILIJING MAT ERI ALS. 11 

determine the coefficien t of therm al ex
pan sion, 

I. 

P RELIM I NARY VOLU ME E XP AN SION. 

Experimen ts were mad e to determine 
the volume exp ans ion by p lacing the 
materi al in a p ykn ometer bottl e and fill 
ing the bottle wi th wa ter; th e bottle was 
heated and the relative expansion wa s 
observed on a grad uated gla ss tube. By 
comp uting the expans ion of the gla ss 
bott le and of th e wa ter, the expansion 
clue to the gu tta-percha was determined. 
T he same experiments were mad e by 

F igm e 6. 

Departmen t of P hysics 
C ASE S CHOOL OF A p P L JED S CIENCE, 

Cleveland , Oh io. 

Dayton C. M ill er. 
Cha rles D. H odgman . 
Robert E . Sn yder . 

Repor t by Dayton C. M iller on the 
Expa nsion of Sheet Gutta-percha , sub
mitted by D r. W eston A. P rice. 

T he gutta-percha mater ial is in th e 
form of shee ts about l SOx75xO.85 mm . 
in size, of two colors, dr ab and p ink . 
T he pu rp ose of the investi gati on is to 

fillin g the bottle with mercury instead 
of wat er , but t here was grea t di fficulty 
du e to the air enclosed in th e cap illary 
sp aces where th e mercury came in con
tact wi th the p ieces of materi al. After 
much trouble these meth ods wen ' aban
doned, since they gave anomalous and 
irregular result s. 

II. 

A RE A. 

E xp eriments were next mad e with a 
sheet of the pink mat eri al about 75 mm. 
sq uare. Lines were marked on the sur
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fa ce forming a squa re 70x70 mm. This sheet sh rank ab out 5 nun . in length , be
sheet was successively heated and cool  ing 65 nun. long, and 72.5 nun. wide. 
ed, and th e dimensions of the square M easur em ents were mad e at 64 °C. and 
were measured. t hen a t 70 °C. (lS 9°F. ) At th e latter

The sheet con trac ted grea tly in th e di
temp erature the mater ial was very pli rection which appeared to be that in 
able , but not s ticky . It was found towhi ch it was rolled in the process of 
have changed in dimension to 57.0 rnrn,manufacture, while it exp an ded later


ally . T he th ickness was not measured x75 .5 nun.
 
in th is experimen t, hut was measured At 76°C. ( 169 °F .) the d imensions
 
in a repet ition described lat er. were SS.O x76.S mm, The materi al be

T able I g ives the result s of the meas came sticky an d so soft as to take th e 
ur es: impr ess ion of the finger tip. It seemed 

TABLE r. 

SU RFACE EXP.!!\SJON OF SH Jm~r GUTT A-PERCH a . 

'I'empera tu re DImen sions arter Remarks.
 
°c °F heat treat ment
 

28 82 70 x ,0 mru. Same as a t, Ole star t.
 
36 9, 70.3 x 70 .0 No contracnon .
 
is 113 69 .8 x 70 .6 Pliabl e.
 
56 133 65 .0 x 72 .5 Shee !. warped ba dly. Oontra ct lon so rnpld 

i t was clearly Visi ble . Warp disappear ed. 
64 147 60 . 4 x 74. 0 
70 158 57 .0 x 75 .5 Ve ey pll ab le, b u t not su czv. 
76 169 55 . 0 x 76. 5 B egin s to st ick to pl nte. Take s I rnpresalun 

of lln~e r ti ps. Too sort. for furl hor mea sures. 
'i8 li3 55 . 0 x 76 .5 Sa.me Il-S at 'jeCl 

• 

86 187 55 .0 x 76 .5
 
91 196 55. 0 x 76 . 5
 
99 . 5 211 55.0 x 76 .5 Bo iled for several mtnu res. 

Ar ea be ro ro he. lin g 4900 sq . mm,
 
Area afl.er he.nog 4180 sq. nrm.
 
Cont ract lon of area H .7% .
 

T he result s show that the ma teri al unsuitable for measures at hi gher tem
as received for the supply house is un pe ra tures. 
der great int ernal s train , some dimen H owever . it was heated to 78°C., 

86°C., 91 -c. and 99. S°e. (211°F .) the s ions bein g too great, and some less th an 
boiling point. The dimensions did not norm al , and that the stra ins are pro
change , bu t remained SS.Ox76.S mm. 

gressively released by increasin g temp er
T he experimen ts show a prog ress ive 

a ture. change in dimension beginning at a tern-, 
The first observat ion shows that at \ 

perature of about 4D°e. (104 of .) and 
blood heat, J6 °C, the strains are not cont inu ing to a temperature of 76 ° C. 
at all released. (169 °F.) In thi s particular specimen of 

At 45 °e. (11 3 °F. ) the material "is ma terial , the length of th e shee t dim in
sl ightly pliable, and the stra ins ju st ished ab out 21 %, while the wid th in
begin to di sapp ear. creased about 9%. The ar ea of the 

At S6° e. (133° F .) the stra ins were sheet dimi nished 14.7 %, du e to shrink
rel ieved very cons iderably , so th at at age produced by heating. 
first the sheet was badly warped by un  The actual size of th e pi ece of mater
equa l strain, and "it was easily seen to ial at th e beginning and at the end of 
sh rink, wi th tb e unaided eye. The the exper imen t is show n in Fig. 7. 
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III.	 ued boili ng in water for fift een minutes 
did not produce any fur ther change. AREA AN D V OL UME. 

A second exp eriment wa s made with 
a sheet of p ink gu tta-percha, as before, 
using a marked squa re 70x70 rom. The 
thickness of the sheet wa s carefully 
measured with cal ipers at eigbt places, 
and the average thickness is used in cal
culating volume. The measurement s are 
shown in Table II . 

A.e-, 
","""" 

Are a Cont yac+e d. 
Jtj-.770 

~ 
",'
 

F ig. 7.-Shrinkage in area of D. shee t of den ta l 
gut ta -perc ha , du e to heMlng \ 0 76"C (IGgoF) . 

Taken in connec tion with the meas
ure of thickness, the observa tions show 
that tho the area diminished very mu ch, 
the volume does not vary appreciahly. 
There is an apparent perm anent in crease 
in volum e of less than 1%, but thi s ma y 
be du e to the fact that th e heat slig ht ly 
roughened the sur face , making th e 
thickness appear too great. 

IV . 

LINEAR EXPAN SION . 

A piece of the drab colored gutta
percha was subjec ted to temperature 
treatment by heating and cooling several 
times to 55° C. and 75°C. and finally 
by boiling in water for fift een minutes, 
an d then it was cooled slowly. Fine 
marks were rul ed near the ends of th e 
sheet, 121. 5 mm . ap art. 

T hi s strip of materi al was placed on 
a special warming plate with arrange
ment s for cha nging and controlli ng the 
temperature by circulating hot wat er. 

The apparatus was placed on the Mi
crometer M icroscope Comp arator. 

The exp ans ion of th e gut ta-percha 

TABL E II. 

E XPANS ION OF 

Temperature 22 ' C=72°F 56°C=1 33°F 

Len gth and 
b read th rom. 70 " 70 65 .3 r 71. 5 

area 
sq. rnrn, 4900 ~ 669 

Thickness 
rn m. 0 .843 0 .89 0 

V ol ume 
cu. rnru. 4131 U55 

These expe rimen ts lead to the same 
general conclusion s as before tho the 
cba nges in dimension for this specimen 
are less th an for the first. The length 
diminish ed about 10 %, wh ile the 
breadth in creased a bout 3 % . The 
changes had tak en place before the tem
peratu re of 85°C was reached . Contin-

GUT'f A-PE RCHA. 

S5°C= 185°F 99.5° = 211OF B oll ln ~ 

63. 0 " 72 . 5 63 .0 x 72. 5 

~ 5 6 7 4567 

0 . 916 0. 912 

4183 4165 

was directly measured with the microm
eter mi croscope, with as grea t precis
ion as possible. The observations were 
taken twice around a cycle of risin g and 
falling temp eratures. The aver age re
sults of the measures are shown numeri
cally in Table III and graphically in 
Fig. 8 . 
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TAB LE III.
 

LENGTH OF SPECIMEN IN M1LLIMETERS.
 

Temperature Rls ing Fa ili ng
 
°C qF 'l'emperalu re Tempera t.urc 

The observa tions show that for rising 
temperat ures the gutta-p ercha has a co
efficient of expansion of 0.0000549 up to 
about 38° e. (lOO°F.) and a coefficient 
of 0.0000807 from 38° e. toabou t 5S°e. 
(131°F); above 55°e. the expansion is 
very slow and practically vanishes at 
75°e. (167°F) . This agre es exactly 
with the measures made on the area of 
th e sheet material as shown- in Table I ; 
the mater ial becomes wholly plastic at 

23
 
30
 
35
 
38
 
~5 

50
 
55
 
60
 
65
 
76
 

13
 
86
 
95
 

100
 
113
 
122
 
131
 
140
 
H9
 
](;9
 

] 21 . 50 2 
. 551
 
. 576
 
. 599
 
.690
 
. 741
 
. 17 8
 
. 794
 
. 198
 
. 797
 

F ig. 4. 

121.510
 
. G88
 
. 738
 
. 74 8
 
.759
 
. 764
 
. 770
 
. 78 0
 
.7 90
 
. 797
 

.:\.1 Ico 

-s: 
'i-r 
-.J '" 

J~ II ' aa 

j? 
~ 

f 

~ 
i 

T he coefficient of linear expansion and 
of volume expans ion (equal to three 
tim es the linear expansion ), computed 
in a ccordance witb the data plotted in 
Fig. 8, are given in 'T able IV. 

TABLE IV. 

COE FFICIE NTS or EXPANSION 0.1" GUTTA· 
PER CM. 

Tempera ture LInear Volume 
0C OF E"papsl on Expans lou 

23-.38 73 ·100 0.0000549 0 .000165 
38· 55 100-131 0.0000870 0 .000261 
55·75 0 .000007 . 0 .000021 

this tempera ture. The curve for fall ing 
temp eratures shows a very decided lag 
in th e contraction at the beginning. Th~ ~ 

may be due to very poor heat conductiv-X; 
ity , which causes the temperature to lag, . 
and it might di sappear if the mate rial 
remained '3, longer t ime at each temp era
ture. Common experience with thi s ma 
terial . shows that after being sof tened 
by heat and then being apparently cool
ed to room temperature, its normal rig
idity 'returns slowly. 
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v. 
R EM ARKS . 

Before being used, thi s mat erial should 
be " annealed" by being heated -to a 
temperature of 75°C. (16 7°F .) Oth
erwise a lon g slender cone of th e mater
ial might be placed in a cavity, and 
there might later be a contrac tion in 
length of 15% which 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 thi s material were "an
nealed" and then placed in a cavity at 
a temperature of 55° C. (131 °F.) and 
then cooled to a tempera ture of 20°C., 
there would be a lateral contraction of 
0.007 mm, (0 .0003 inch ) in a cone 
3 rum. (about % in ch) in d iameter. 

The results of the area measur ements, 
Tabl e I , agree remarkably with the lin 
ear expans ion observat ions, T able III , 
and interpr eted in Fig. 8. The materi al 
acts like a norm al solid up to a tem
perature of 38 °C., expand ing a t a un i
form rate and without the peculi ar con
tr action shown at higher temp eratures. 
At 38° C., it may be that some 'ingredi 
ent of the composit ion begins to melt, 
caus ing a release of an y exist ing intern al 
stra in and p rodu cing a lar ge contrac tion 
in the unann ealed and stretched mat eri al 
which wholly masks the regul ar thermal 
expansion. Aft er ann ealin g, ho wever , 
the regular expa nsion occurs in increas
ed amount from 38 ° to 55 0. Above th e 
latter temperature the mat erial is in no 
sense a solid. 

Respectfully submitted, 

(Signed ) D AYT ON C. MILLER, 

Professor of Physics. 

Cleveland, Ohio, July 8, 1916. 
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VI. 

AD DITlON AL E XP AN SI ON E XPERIMEN TS. 

A piece of pink gutta-pe rcha was " an
nealed " in boiling water for ten minutes 
with the follo wiug results : 

Th e len gth dimini shed ] 8 . 0% 

T he width Incre as ed 7. 7% 

Th e thl ck noss iucrens ed 15 .D% 

Th e u rea dlm lntshed n . 7% 

Th e volu me increa sed 2 . 4% 

A pi ece of drab gutta-percha "an
nealed " in boilin g water for fif teen min 
u tes, was changed as follows: 

l 'lie le ng th dimini sh ed 17 .40/0 

T he wldrh in c rea sed 7.6% 

The th ickn ess [nc ren sed 14 . 8% 

The a rea diminished 11. 2% 

The volume lncrc<ls ed. . . . 2. 2~{, 

A piece of the latt er materi al . was 
measured as accurately as possible, to 
determine its volum e, which was 4.764 
cuhic cen time ters , The volume was th en 
determ ined with precision by hydrosta t
ic weighing, giving the result s 4.760 cu
bic centimeters . 

This result indicates that the meas
ures so far reported have a precision of 
about one part ill a thousa nd. 

This material was then tr eated with 
chloroform, for determining the changes 
in volume; but the behav ior of the sol
venl was such that it was necessary lo 
proceed by a new method, described in 
the next section. 

VII. 

EFFECTS OF C HLOROFORM ON G UTTA

PERCHA. 

It was expected that chloro form might 
be slowly absorbed by rhe gutta-percha, 
but the first touch of the liquid produced 
a tru e solu tion, which proceeded very 
rapidly, the result being a kind of "rub

, 
; 
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ber paint. " Any portion of th e original 
materi al not yet dissolved retain ed its 
origin al elastic properties. 

The materi al was wholly di ssolved. and 
the solvent was allowed to evapora te 
slowly until the solution just began to 
set, and was ju st finn enough to hold its 
shape but could be easily indented. The 
volum e of this thi ck solution was 11.085 
cubic cen timeters, by hydrostati c weigh
ing. 

This amount of mat erial was then al 
lowed to dry thoroly, th e solvent being 
wholly evapora ted. The volume was 
now 4.267 cubic centimeters. 

There is thus an expansion of volume 
in the gutta-percha from a soli d to the 
condition of a solution wh ich is ju st 
firm eno ugh to hold its sha pe, of ahout 
260% . 

Aft er being di ssolved in chloro form 
and then being dried till th e solvent 
ha s all evapora ted, tbe gutta-percha re
turns practi cally to its origina l elas tic 
condition. In its original condition the 
gutta-percha is elastic and tenacious ; 
the material dis solved and dried is in
elas tic and break s very easily. 

VARIO US C OEFFICIEN T S OF LINEAR Ex 
P AN SIO N . 

From Sml ths ou la n Physic a l T ables: (thme nsion 
change ror temperature chauge of J ' C). 

Gold 0.000014 
S il ver 0.00001 9 
Pl atinum 0. 000008 

Cao u tcho uc . 16'·25' 0. 000077 
Outta-P e rc ha , 20· 0 .0 00198 

P a raffin . 16' -38 0 0.000130 
Pa r ntfl n . 38'_19' 0 .00047 7 

Whlle Wax 26' -31' 0.000312 
While Wax 31' ·13' 0.000486 
Whi le W. " ~ 3 ' ·5 7 · 0.001523 

From th e expe rtm eute h ere reported: 

Dental rju tta-Per ch a 2 ~ ·- 38° 0 . 000055 
Dcutal Ou tta -P erchn 38· -55' 0 . 000087 
Dental Ouun-Pe rcba !J5 e _150 0 .0 0000 7 

Respe ctfu llY submit ted, 

(S lgn ed) DAYTOI'i C. MILLER . 
Profess or of Phys ics . 

Cleve la n d. Oh io. Jul y t r . 1916. 

Department of Ph ysics 
C ASE S CHOOL OF ApPLIED S CIEN CE. 

Cleveland, Ohio. 
Dayton C. Miller. 
Paul E. Sabine. 
Charles D. H odgman. 
George B. Obear. 

REPORT ll Y DAYTON C. MILLER ON
 

SOME P HYSI CAL PROP ERTIES OF
 

D E N TAL ROOT-FILLIN G
 

M ATE RIALS.
 

1. G E NERAL PROPERTIES. 

In vestig ati ons were undert aken to de
termine the volum e, density, contrac tion, 
hardness, and general cons istency of sev
eral mat erials used hy the dent al profes
sion for fillin g root caviti es. The thr ee 
mat erials tested were submitted by Dr. 
Weston A. Price and ar e describ ed as 
follows: 

A. Rosin d issolved in chloroform . 
B. Gut ta-percha di ssolved in chloro

form and eucalyptol oil, a proprietary 
preparation known as " E ucape rcha ." 

C. Gutta-percha di ssolved in chlor 
o form. 

The first efforts were mad e to deter
min e the rate of con traction , the density, 
and the firmn ess of the material, from its 
fluid condi tion as put into a tooth cavity, 
to the condition of being soli d. T o se
cure accuracy, and at the sa me time to 
approximate th e form of a root fillin g, 
the materials were placed in cylindr ical 
glass graduates each of a normal capa~-
ity of l O cubi c cen timeters, but actually 
holdi ng about 13 cuhic centimeters. Eac h \'\ 
jar was provided with a glass cover 
havi ng a ground joint , and was accu r
at ely cali brated. Fi g. 9, shows the three 
jar s, conta ini ng tbe materi als, after some 
evapora tion had tak en pl ace as descri bed 
later. 

After ca reful weigbing, the covers 
from the glasses were removed and the 
solvents were allowed to evap ora te at 
room temperatu re, standing in the sun 
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light wh en practicable, (in May and 
June.) It was thought th at the materials 
would shrink stead ily in volume, an d be
come solid in a few days' time ; and by 
making weighings, volume tests and 
hard ness test s a t successive s tages, th e 
information sought could be secu red . 
This expecta tion was n ot realized, for 
tb e evapo ra tion proceed ed very slowly , 
and for th e gu tta -p ercha mat erial s in a 
very non-uniform manner. 

After eight week s of spon taneous 
evapo ra tion in the air at room tempera-

Ftg . 9. Jars Contninlng Roo L-Filllng lvlater1als. 

lure, the jars remaining uncovered dur
ing the whole time, th e cond itions wer e 
as shown in Fig. 9 . 

The rosin-in -chlorojorm, had stea dily 
con tr acted in volume , but very slowly 'in 
th e last three week s. It wa s redu ced to 
a bout one-th i rd of th e or igina l volume, 
the surface bein g a t th e level indicated 
by th e a rrow at th e s ide of th e jar, th e 
measured volume bein g 36 % of th e 
or iginal. The inner surface of th e jar 
abov e the m ass of rosin was covered 
with a firm , adheren t coa ting of rosin , 
whi ch shows in th e photograph as a di s
colorat ion of the jar ab ove th e arrow. 
The su rface of the rosin was hard , but 

RO OT F ILL ING MATERIALS. 

up on exami na tion with a hard instru
ment, it was sho wn to be only a thin 
she ll of hard rosin, not m ore th an a 
half millimeter thi ck , while below thi s 
th e material was still in a very fluid 
cond ition . The consi stency of this fluid 
was that of a thin sy rup , such as com
mon maple sy rup . 

The Eucapercha had contracte d much 
less, to a bout 86 % of it s or iginal vol
um e, indicat ed by th e arrow. For 
a bout 12 millimeters near th e top , th e 
substance had ass um ed th e cons is tency 
of dry cha lk, a nne granular cond it ion, 
and it had dried with the formation of 
cracks, like clay. Below thi s ch alky 
dep osit the material was in its original 
fluid cond ition with no evide nt thick en
ing. 

The gu tta -oercho- in-chlo rojorni had 
contrac ted to a bout 75 % of its original 
volu me. The upper surface was hard 
gu tta -p ercha, Up on tou ching this sur 
face, it t ipped over revealing th e forma
tion of a " p lug" a bout 2 millimeters 
th ick , witb large irregular a ir spaces h e
neath. The material was, however, 
ver y fluid in th e interi or of th e portions 
which appeared to be soli d, and in the 
bottom of tbe jar it wa s as fluid as at 
fir st. 

These results indicat ed that th e ne
cess ity of forced evapo ra ti on , and th e 
jars were placed in a wat er bath and 
subjected for variou s tim es to tempera
ture of a bout 70 °C. (16 9°F. ) and 96° C 
(205 °F.) 

The cond itions of th ese test s are best 
described for each mat erial sepa ra tely . 

2. B.OSIN-IN - CI-lLOROFOR:1i . 

The rosin -in-cblorof orrn at tb e be
ginni ng of th e exper iments was a mobile 
fluid of th e consistency of sewi ng ma
ch ine oil, having a density of 1.382. 
After two weeks of spontane ous drying 
it s volume was reduced by a bout one
third, and th e den sity wa s 1.358. T he 
cond itions of th e mat erial at th e variou s 
s tages of th e experiments a re shown in 
ta bular form, T able V . 
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As the evaporation p roceed ed, the ma
terial left a tenaciously adhering coat ing 
on th e walls of th e ja r, which shows in 
th e photographs, Figs. 9 and 10 , as a 
cloudy a ppe a ra nce of the glass jar a bove 
the line of the sol id p ortion. It form s a 
coa t of rosin-pain t on the in side of th e 
cavity which seems to be very permanen t 
and wh ich may be of great importance 
in dental uses . The evaporation to th e 
solid sta te required long h eating at tem
peratures mu ch a bove bod y-temperatures 

FIg. 10. Rosln ·in -Chlor oform. Ev"por a ted in jar. 

as sho wn by th e T abl e. Th e final vol
um e w us 24.6 % of the initial, as shown 
by the arrow in Fi g. 10 , and th e final 
dens ity is 1.14 . T he den sity of puri
fied " v iolin bow rosin" wa s determi ned 
expe r imentally to be 1.07 . Thi s in di
ca ted the presence of some of th e solven t 
even at th e end of th e experime nt; or 
perhaps, th e con tinue d heat tr eatment 
drove off some of th e natnral , lighter, 
components of the rosin. 

Experiments have been m ad e to de
termine whether th e rosin win harden 
more rapi dly in water , on th e p ossible 
supposit ion th at wat er di ssol ved th e 
solve n t. 

R OOT FILLING JIIfAT E nTAJ"S. 

The results show th at the wat er re
tards hardening , by preventing th e evap 
oration of the solvent, and that' it s ab
sorhing effect, if any , is imperceptible. 

J . E ucAPERcHA. 

The eucape rcha material used was in 
the origin a l package, whi ch had n ot been 
ope ned. The glass jar was fi lled with 
the materi al, th ere bein g 12.7 5 cubic 
cen time ters at the 1., g inning, the densit y 
bein g 1.4 32. The r esults of th e expe ri
ments a t the t'our principal stages are 
shown in Table VI . T he appearance 

Fig. lJ. Euca percha . E va po rated . 

a fte r 8 week s of spon taneo us dryin g is 
shown hy th e m iddle jar in Fig. 9, and 
the mat er ial fully dried is sh own in 
P ig. II. 

The peculi arities of th is materi al 
sho wed in a tend ency to cur dle, or be-. 
come granula r (so ft g r.anules ) , an d in ', 
d ry ing on th e su rface to separate, form
in g drying cracks. The solve nt seems 
to hav e des troyed to some ex ten t th e 
ru bb ery texture of th e gu tta- pe rcha. 
This rem ains in the mater ia l wh en fully 
d r ied; it is much less ten acious than the 
gutta-pe rcha tre a ted with chloroform . 

The material , in drying, con trac ts in 
a bout th e same proportion as do es th e 
rosin, but it adheres very lightly, or no t 
at all, to th e wa ll s of the glass jar. When 



PRICE .-PROPER TIES OF R OOT F IL LING MAT ERIALS. 19 

comple tely dried it is easily removed 
from the glass, th e latter bein g left clean . 
Th is is in mar ked con tras t to the rosi n . 

4. G UTTA-PERCHA -IN- CHLOROFOR~I. 

The g ut ta -pe rch a was di ssolved in 
chlorofor m, pr oducing a wh ite p aint, 
s imila r in appear.auce to th e E uca pc rcha. 
The cond itio ns of the m a teri al at the 
va rious s tages ar e given in T a ble VII , 
an d th e final ap pea ra nce is show n ill 
F ig, 12. 

Th is ma teri al d r ied by fonn ing a 
ha rd sur face layer , like ice, whi ch eve n 
when thin , would a lmost wholly prevent 

r
 
I 

Fig. 12. Gutta-Percha-In -Chlcrofurm.
 
Evapora ted.
 

furth er eva po ra tio n of the solven t. This 
ac tion would be comp lete excep t for the 
cont racti on o f th e partly sol id ified m a 
ter ial , whi ch pulls aw ay fr om th e glass, 
an d allows fu rther eva pora tio n thru th e 
open ing. T his further cvapnrntion takes 
place in pockets, producing a p oro us or 
cell ula r sol id . Thi s is clearly shown in 
the picture of the fin al condi tio n, Fig. 12. 

When the mat erial dri es in th e Dottle, 
it sh r inks away from the edges and 
rounded corners, a nd d oes not form th e 
inner pockets. 

The pecul iarities of th is m aterial a re 
that it ~emai n s ten aciou s a nd ru bber-li ke 
even th o 'it becomes felled wit h ai r bub 
bles ; it does n ot becom e granula r; and it 
does not ad here to th e glass jar. 

5. G rm ERAL REM ARKS. 

The fir s t noti ceable fact in th e ex 
periments was the ex t reme slo wness 
with whi ch evaporat ion proceed ed under 
sponta ne ous a ir drying . It would ha ve 
requ ir ed a year, or more, for th e mater
ial s in th e jar to ha ve sol id i fied . E ven 
wh en heat of 70 ° C. (1 69 °F .) was a p 
plied , the process was not much accel 
era ted . A temperature of boili ng wat er 
was required , and this was sufficien t to 
melt th e rosin a nd to soften the sol id 
gu tta-percha. 

It is not improb able th a t the rate of 
dry ing in ;t too th-ca vit y , the wa lls of 
wh ich are mor e or less po rous, would be 
d ifferen t fr om that in a, glass j ar. It 
is possible that th e bod y-flu id s may af 
fect th e ra te; but experiments show tha t 
th e pl acing of the mater ia l in water 
does not assist harde n ing, but rath er pre
vents it. 

A cons picuo us physi cal proper ty of 
the materials is the g reat con traction in 
volume, th« final volu me in one ins tan ce 
hei ng l ess t han a fou r th of th e ori gi nal 
volume . 

Both of th e gutta-pe rcha materi al s not 
on ly con tract in volum e, but in doin g so 
they f ail to ad he re to th e surf ace of th e 
jar, leaving it d ear of protecting cover 
ing, a ud the materi als becom e porou s or 
gran ula r in st ruct ure . It wou ld seem 
that these properties wo uld render th e 
material s usel ess for th e filling of root 
cav ities. As all illustratiou it may be 
assu med th at root canals h ave diame ters 
va ry ing from 0.001 in ch to 0. 01 5 in ch 
that is from 0.025 millimeters to 0 .375 
m ill irneters, and that bacterin. ma y have 
a s ize var yin g from 0. 0005 rum. to 0. 005 
mm, The possible con trac tio n of fluid 
gutta-percha root-filling material in the 
smallest root canal ma y be 0 .005 mm. 
wh ile for a la rge canal it m ay be ove r 
0 .07 5 mm.; these contractions a re mu ch 
larger than the sizes of bacteria . W h ile 
th ese s tatemen ts of the con tr ac tions .are 
not exac t because of the un cer tai n ties 
in the man ner of rlryin g , yet it is certa iu 
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that there will be li ttle p rotection 
agains t the en trance of bac teria . 

The rosin solut ion when drying d i ffers 
from the other in that a solid coating re
main s tenaciously adh erent to th e whole 
inn er surface fr om which the fluid has 
receded , and the sol id does no t at any 
time p art from the walls. T hus the 
whole inn er sur face of the cavi ty re
main s protected, and no cracks a re left 
where bacteri a. may enter thru the small 

RO OT F ILLING MATERIALS. 

canal. T here is an inner hollow space, 
but it is wholly surrounded by the paint 
ed walls, and closed a t the boLtom bv 
the solid. 

These conclu sions, however, are not 
final in regard to the filli ng of teeth, for 
the cond itions in a l ivin g tooth a re 
cert ainly different from those in the 
glass jar. Bu t the fac ts of ph ysical con 
tractions, etc., are exactly the same in 
the two cases . 

TABLE V. 

1i 0 81 N~I N · C HL OR OFOR il-1. 

Yel' cell t Per cent Remarks D O Cond ition. 
Tes t 

a 

'I'rea un on t 

Or igina l 
mu te rt a t 

Density 

1. 382 

of fir" 
vol ume 

100 

b Af ler a i r d ryi n ~ 
Ior 2 wk s. J . 358 63 . :) 

C J\ ffer a! r <.I r ying 
for 5 w k s. i . 2 ~G 59 

d Afl.cr ai l' d rv lng 
f or 8 wks. 1 . 250 3G. 4 

.31 

Arl er fiO hr. 
a t 70 ° C ] . 182 28 

I:J Aft er 2 hr. 
dry i-n g a t. 
96° C( 2015 ° Pl 1. 1, 27 . 6 

11 Arlo!" 18 hr. 
dry in g a t 
OG ' C( 205 ' F l l . H 21. 9 

.I ner 20 hr . 
dry ing fl. 1 
9G'C(2u5 'F) I. H 24 .6 

Test 

a 
1 . 432 

T !" eaIUien t. Den si ty 

Or igin a l 
uiate r in! 

Per cent 
of fi l'S I 
volume 

10 0 

b nf' te r 8 1"1<5 . of 
spo n ta neou s 
dry in (;' 1. 486 87 

c Art er dTJi n g GO 
h rs . a t i OQC 
(l G9° F) 1. S30 SO 

<1 Afl er dr yin g 20 
hra. a t 96' C 
(2 05'F ) 2 . 870 24 

o f [inal 
volume 

40 6 

266 

236 

148 

139 

114 

112 

101 

100 

Mob ile flu id. Consls le nc y of sew ing mac h ine oi l. 

Cons is tency or thi n syrup, 

La ye r of ha rd rosi n tenac iously adheres to glas s 
as fluid subs ides. 

'l ' hlck syrup, Il ke comm on molass es. A. layer o f 
""li d form ed on lop. lik e tbin lee on wa te r. Soli d 
ve r -y thin. 

Like soft wax. 

Ros ln rne l te rl. .~'" th at whole becomes flu rd. Upo n 
cooling a surfa ce layer of "le e" forms. 

Yel'Y th ick .od s tic k)' . 

So lid bu t not bri ttl e . Da rk colored . Ad he re s 
t en ncious ly to glas s over th e whole interior or Iar, 

TABLE VI.
 

llU CAPEHCH .I .
 

Pe r ce n t 
of final 
vo lume 

417 

362 

333 

100 

Rema r ks on Condl t.ion . 

Conslst.e n cy o f pa h u. Very " sof t" but. no t mo
bil e . 

Chn J!,.y at top for a depth of 12 OJ. OJ. "' i tl l d ry . 
hlg cracks. B elow, or th e or ta tna t flu id consis 
ten cy. . 

Coua istency of sl ur ht ly cu rdle d mllk . v er -y IIUle 
s ticky ne ss . S till " soft " to lb e tou c h , but nol 
mobi le. 

S ·,Ud ifled In lu mpy or curdled form. S olid , b U L 
eas lly pu ll ed a pa rt . Does not a dhe r e to tb e gtass. 



c 

PRICE.-PROP ER TIES OF ROO T FILLING lIiATrJRIALS. 

TABLE VII. 

GUTTA-PERCHA-IN-CHLOROFORM. 

a 

Trea uuen L D

Or ig in al 
material 

eu slt.y 

1. 899 

P er ce n t 
of first 
volume 

100 

P er ce nt 
of fin al 
voluiue 

300 

b After S wk s . of 
spa n ian cous 
dr yi ng 2. 02 2:l0 

After drylng' 60 
hr s. a l 70' C 
060 ' F ) 2 .86 33 .3 100 

Residue of ma
te r tal l en iu 
uoute. Dr ied 
spon ta nenus ty. 
Or;glu ,' l d la m
eter s. 02 e m. 
Orurmnl 
thleku ess 
1. 29 em. 2. 86 33 100 

N OTE . 

Density of violin-bow-rosin 1.07 
D ensity of Chloroform 1.48 
Density of Ether. 0.72 
Density of Gut ta-pcrcha 2.90 

Respectfully submitted, 
(S igned .) DAYTON C. MILLER, 

Professor of Physics. 

Clevela nd, Ohio, August 3, 1918 . 

It will be seen fr om the above de
tail ed ph ysical report by Dr. Miller , that 
we are using materials w hich do not 
have the prop erties that our needs re
quire. W hile cont ract ion begins at once, 
£l will continue slowly f or montbs and 
possi bly fo r yea rs. This probably ex
pl ain s why so man y root filled teeth 
wh ich at first seem normal fail month s 
or years aft er root filli ng. Ex hau sti ve 
researches should be m ade to develop 
adequate root filling materials . 

The human body is an herm etically 

Item arka 0 0 Con dulon . 

Con st st eu uy of pa ln t. 

A "jrlug" of sol id g ut.ta -percha on the top a bout 
1 I ll. m. th ick. Plug was tipped ove r, rev ealtn g 
fluid below, with ni l' pockets forming. 

Soltd lfled . C,ms i.lency of or ii:'in al gutta -p ercba. 
Does no t urthero to the gJass. U POD removal f rurn 
the j • .r it was f ouu a with many a ll' bubbl es, See 
photograph. 

Dr ied In a solid cn.ke lu lh e sa ucer -Hke bot to m 
of rue botu e. 

Fiual d la n eter. 2:4 2 ci u . 80 c,-;, of or lg. 
F inal tbl okn es s, 0 .6 8 em. 53(;'~ or or tg . 
Fin al VOIJlne , 3. OD em. 53';;' of o rlg. 

sealed container, the alimentary tr act 
being an infolded tu be and cont inuous 
with th e exte rior. Pulple ss teeth a re 
openin gs thru nature's protective arm or 
and as such will be the port of entrance 
of infection in to the body, unl ess they 
ar e hermetically sealed. These studies 
show tha t it is extremely difficult and ill 

many teeth imp ossibl e to accompl ish thi s 
with the method s and materi als in vogue. 
Until we can do very mu ch better than 
thi s report shows, no dentist is justifi ed 
in devitalizing a healthy pulp except in 
case of most extr eme necessity, and 
seldom, if ever, for ordinary bridge 
work. Every non-vital tooth , whether 
root filled or not, is, by th e above, to he 
consid ered und er suspicion and must he 
kep t und er observa tion. An. app arentl y
tolerant nature has been entitled to much 
of the credit for the seeming success of 
dental root ·fillings. \Ve have st ill to 
learn when nature is only ap p arent],y 
tolera nt. 


