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T o judge high standards for both the completed operati ons and th e 
meth ods fo r producing th em, we must have clearl y in min d both the ideals 
to be attained and the fixed conditio ns to whic h all else must be adapted. 
Fo r th e former, we instinctively use as a high standard the splendid mal
lcted contour go ld fillings th at have preserve d the teeth and done splendid 
serv ice for decad es, Their gra nd success is due to th eir exce llent mar gins 
and conto urs and com patibility. 

L et us take for our standard for ju dging and construct ing inla ys, con
tours that ar e even more perf ectly ad apted than those, whi ch, because of 
their ina ccessible posit ions, were not usually near perfecti on, and margins 
tha t a re even s trong er and as closely an d smoo thly adapted to th e tooth , 
and withou t a visible cement line at any point and witho ut the possibility 
of the tooth und erneath being checked fr om its insertion . Few of those 
splendid mall eted filling s have perfect contac t points, or produce anatomi
cal int erproximal spaces; so we can easily appreciate a higher standard 
for th ese. 

Owing to th e necessity [or ha ving a cer tain mass 
of go ld to have strength with a mall eted gold, thatthe Ideal 

fl1llng. kind of filling requires excessive cutt ing of the tooth 
struct ure, fr equentl y at both the step and the angle 

for extension for pr eventi on . O ur idea l will naturally desire more 
streng th with less loss of tooth str ucture . Th e surf ace of an ideal filling 
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mu st be har d and smoo th, but the st ru cture mu st not be brit tle. T he 
margin mu st be tough and pliable, but not sp ringy ; compa tible to the 
tooth s tru cture and not producing th ermal shoc k; an d should, to prevent 
causing pulp stones and seconda ry depo sit of den tine in the pulp cha mber , 
be a non -condu ctor o r be insul ated from the dentine by an electrical non
conductor. It m ust be so rig idly attached as not to allow of it s bein g dis
lodg ed by an excessive st ra in an d prefe ra bly be so st ro ng as to allow of 
an choring one end of a bridge to it when des irable. 

Nex t in importance to the efficiency of the completed filling is the 
comf or t du ring its insertion , first , of th e pa tien t an d, seco nd, of th e ope ra
tor; fo r an ope ra tion is not only not a success , but a prodigi ous failure, 
which so persecutes th e patient as to cause him or her to neglect man y 
othe r equally imp ortant tee th, even th ough that ope ration remain in that 
tooth for a qua rter or half a cen tury. Operat ions cla iming to fulfil high 
standards to-day mu st be made with so little real di scomfort that they 
will not only be en tire ly acce ptab le to our physicall y st rong pa tien ts, but 
entirely so fo r our ph ysically and ne rvously weak pati ents, and without 
low ering our standa rds of efficiency for service. If, for exa mp le, thos e 
splendid lar ge contour mallet erl fill ings cou ld be placed in pos ition with
out takin g an iota fro m the perfecti on of their mar gins or conto urs, by 
some meth od that would relieve th e patie nt a nd ope ra to r of th e dis com for t 
and stra in incident to ma lletin g, g rinding and polishing, we would cer
ta inly accept it as a higher standa rd. If also that filling we re en t ire ly 
homogene ous as is a fused metal , it s surface woul d be mu ch imp roved , 
especia lly if burnished till ha rden ed , an d if it be a ttached to the tooth 
w ithout s tr ain to the cavity wall, yet herm eticall y sea led, and also insul at ed 
elect rically and, if possi ble, thermally, it wi ll s till fulfil a higher s tandard. 
T he natural dread by our pat ien ts of th e de n ta l chai r of th e past is th e 
direc t ca use of the loss of many tim es mo re teeth than ignoran ce on their 
part, and this is as imp ort ant a fix ed condition in den tistry for us to meet 
and cor rect as th e dental lesion s th em selv es. 

H avin g these high sta ndards in mind let us conside r how nearly th ey 
can be attained by inlay meth ods and note espec ially the advantag es and 
disadv antages of particul ar m eth ods. As we do so, we mu st have in 
mind cer ta in fixed ph ysical conditions to which our methods and m ateri als 
mu st be ada pted. Chief of th ese are th e physical p rope r ties of gold and 
its alloys which as ye t have not been definit ely and clea rly prese nted. We.. 
mu st .. to fulfil the ab ove high s tand ard s, either have a means fo r con
tr olling the contracti on ' of go ld, or in some wa y compensat e for or cor
rect th at cha ng e, else we can not ha ve perfec t marg ins , and an inlay with
out as pe rf ect margins as th e splendid gold-ma lle tecl fillings may reach a 



high sta ndard f rom other viewpo ints , but f rom th at po int is mu ch 
short of ideal. 

The writ er has spent mu ch effort fo r tw o years 
de termining the fix ed ph ysical p rope r ties of gold and Eonduct of 

metals I.JHd for its alloys, and, while tim e will not permit of an ex
EaStlnll. tended revie w of them here, some fac ts or laws are 

essential for us to have in min d. T he ge nera l fac t 
that nearl y all meta ls and alloys expand when heat ed and contract wh en 
cooled, is genera lly app recia ted, but the law s gove rni ng that ph ysical fac t 
a re not ap precia ted and few, if any. of the ar ts or sciences should be so 
concerned to-day to k now them as the de nta l science. 

The text-books or encyclopedias on physics ment ion littl e more than 
the fact that contractio n occurs on cooling and the p ract ical science of the 
ar ts and t rades has developed it only for the base-metal , iro n. The dental 
liter ature and teachi ngs of the pas t couple of yea rs have presen ted three 
esse ntially d iffe rent, if not contradicto ry, phases of the subje ct. F irs t, 
and the most ge neral teaching, is to ign or e entire ly the con trac t ion of go ld 
on cooling , sta ted to be sl ight ly, if any . The second is, th at con trac t ion 
normally exists, but can be controlled or pr event ed almost enti rely by 
coo ling th e go ld rapidly af ter cas ting . This is based by inference on the 
casting co rr ect ions or long rul er s used by cast-iron worke rs, th e patt ern
maker s for whic h use longer rul es for larger pieces of cast-iron than for 
small ones: the latt er of necessity cool mu ch mor e rap idly, which reason 
is taken as the cause for less contracti on. This rul e is th en app lied to 
go ld dir ectly, assuming that it obeys th e sam e laws as cast-i ro n, and the 
result is said to be acco mp lished by cas t ing in to a nearl y cold investment. 

P rofesso r Ward, of Ann Ar bor, is, I bel ieve, the author an d leader 
of th is teaching and practice. T he third teachin g is that gold does con
tract on cooling fr om the melting-p oint a definite am ount, un der prac
tically all conditions, a nd that amou nt ove r two per cent. or r-so of its 
dim ension in a ll direc t ions, but that the locati on of the shrinka ge or con
tra ction (not the total amo unt) can be par t ially tr ansferred to another 
pa r t of the coo ling mass by pr ess ure on the molten go ld while it is in a 
semi-m ol ten sta te, and that the dis tance or ran ge in temp erature below 
the melt ing or fluid point throu gh which it can be moved fr om one part 
of th e mass to ano the r to tak e the place of contrac t ion a t that latter pla ce 
is dependent upon the pressur e used. This view was presented by the 
speake r , tog eth er with the redu ction of con trac t ion that certa in definit e 
pressures wo uld g ive. The ra nge of con tro l is too shor t, ow ing to the 
cond itions, to take care of all the contrac tion or even half of it . ( See 
h E M S OF I N TE REST, May, 1908.) T he behavior o f go ld as it changes its 
sta te, is being studied and wi ll be presented lat er. 



The expan sion and contraction shown 
th e presen t investment compounds. 

.s I I II 
~ ~ . I 
~ I i I. 
.2 ~ I ,I _VI t 
l'll Q ,;;,t." . 

~ b4J / !.'l ~ ~ I ";
Eo I 13 I Cl<'" 1 
~ I ~ '-~ ,t't ; 

.~ 
» 

~~ ~ ~$'..~ P-. .01'-. ~'" .. 
s.ta rted . - \ -O- - 0- -0· -°1-0- 0

30·ID10 . s e t t ing 
and expansio n +.7 +.7 +.9 +.8 + 1. +.5 

I 
I 

~ ~ 
~ ~ I

I 

~"' ~ 

E,!;~~ I I'~]H Cl< ~P-< 

by + and - in thousandt h s of an inch of b locks of one-inch cube of 

.t 
"2 
"0 
c 

p" 
- 0-1-0- - 0-1-0-1"°1-0' 1-0- -'-0- - 0- - 0-1-'0 '\-0 1-0- )- 0

I 
+ .9 + .5 +,!J I+ J· i + ., + 1. + 1.8 + 1. + 1.3 + 1. + "1 + .8 / + .5 0 

100 + .9 +.9 + J.2 + 1. -1-1. +.8 + 1.1 --;-·.D +1.4 +1.3 + 13 +1.3 + J.8 + 1.4 + 1.4 + J.3 +1.1 + l.2 +.9 1+. 1 
I 

200 +3.1 + 2.21+2.2 +2.8 + 2.4 + 1.\) + 2.3 + 2.1 + 2.9 -j-2.4 + 2.3 +2.5 + 2.5 + 2.5 + 2.6 + 2.5 + 2, /+ 2.8 + 2.41 + .6 

300 + 3.7 + 3.1 -1-3.1 +3. +:3.8 +3.3 +3.5 + 3.0 + 4. 1+ 3.5 + 5.1 + 3.2 +3.2 + 4. +'1.5 + 3. 1+:3.2 i+3.6 + 2.01+1.5 

400 + 4.5 + 3.2 ..L.4 . + 3.4 + :1.8 1+ 3.4 + 3.3 + 3.6 + 4. 1+ 3.4 los t +3.4 + 4. /+ 4. + 4.5 + 2.5 + 3.8 1+3.8 + 2.51+1.9 

500 +5.: + 3. +4 . ~ + 3.: !+ 3.3\ + 3.2 + 2.8 ( :.5 +~ . ~ 1+3', :6.2 +~.2 -:- 4 . ~. -{- ~.8 + 4.3 + 1.9 -t- ' 4. ~ 1+3.5 +2.2 1+ 2 . ~ I 
600 + 5., +3. + 4.4 + 3." -1-HI /+2.8 + 2.4 + ".4 + ".0 / 1-2" ' 1'6.8 +2.9 r 5.~ + 3.7 + 3.9 + 1. + 4.6 + 3.4 + 1.5 +1.1 I 

1+
700 + 0.4 + 2.!J + 4.5 + 3. + 2. 1+ 2.5 + 1.5 +:1.2 + 2.8 1 1.7 + 7.3 -j-2.5 +5.7 + 3.0 + 3.4 - .1 +5.2 + 3. -{- .8 1+ 1. \ 

800 + 6.9 +2.8 + 4.6,+2.8 + 1.41+ 2.1 +.5 + 3. + 2.1 -; 1. + 7.7 + 2.3 + 6.3 + 3.6 + 2.6 -2. + 5.5 + 2.9 - .2 + .4 

900 + 7.2 +2.5 + 4.8 + 2.5 + .6 1.3 -.5 + 2.9 + 1.21 0 + 8.3 +.7 + 6.7 +3.5 + 1.4 - 3.8 + 6. + 2.5 - 1.5 - .3 
1+Tota~~~~t rllc, ;;:~c 8 + 2. + 5. + 1.8 - .5 1 -1-.3 -1.8 + 3.5 + ~21-· 9 + ~.5 + 1.4 + 7.1 + 3.3 a -6.5 +0 . 61+2~ - 3.3 

1-1.It io n on cooli n g ' - 7. - 11. -10. - 12. -]2. -15. - 35. - 14. - ].). - 14. -6. - I I. - 5. -11. - 18. -24. -8. I- l a. ·- 18. -15. 

FIG. 1. 



W e ar e concerne d only for scientifi c fact s and will present the .results 
of our fur ther research onl y for that end. Dr . Lan e, of Philadelphia, in 
a letter to the speake r, whi ch was an advance synopsis of a paper he was 
to gi ve before the S usqueha nna Dental S ociety, sta ted that the only force 
tha t could be available to any adva ntage was simply the amount neces
sary to change the spheroidal tend enc y of the gold . Dr. Kabell, of Chi
cago, in the Ma y, 1909, hEM S OF I NTERES T, in reviewing the recognized 
contraction, pr esent ed an expe riment to sh ow that the locat ion of the con
traction was not affected by air pressures on the sprue and investment 
differ entl y betw een three and twenty-five pounds. Unfortunat ely, he 
intr odu ces error s into his experiment which were larger than the unit he 
desir ed to measure, viz., the ex pans ion of his instrument and depending 
on a semi-fluid mass of gold to pull on the head of a pin, for, after it is 
s t rong enough to pull the levers , it is too strong to be mov ed by twent y-

t 
"""" } 

FIG. 2 . 

five pounds per sq. in. ai r pressure. It is exce eding ly difficult to meas
ure the exa ct contra ction of a unit of gold without introducing errors tha t 
may be g reater than the measurement we would record, for we will have 
the contraction or ex pans ion of the wa x form or model that we have meas
ured, an d the ex pan sion or contraction of the investing material we ha ve 
cast int o. No investin g mat erial that the speaker knows of has constant 
dimensions when heated and cooled again within a wide range of erro r. 
T he only accept abl e sub stitu te for it is fused quartz, which has less than 
one-fortiet h as much expansion and contraction as gold for the same 
change of temp erature. In other wo rds , when a ll inch column of go ld 
on coolin g in a fu sed quartz chamber contracts (witho ut pressure to 
cha nge th e location of the contract ion) ove r t wenty-thousandth s of an 
inch, the quar tz chamber will contract less than one-two-thousandths of 
an inch. Inves ting compound s, in whi ch these experiments a re usually 
made . including all our commercia l investments, vary fr om a ma ximum 
expansion at about 900 to 1000 degrees, of eig ht-tho usandths for the best, 
to a contraction as much as fifteen- to twent y-th ousandths, according to 
its manipulation . S ee tabl e of expa nsions and contra ctions of investing 
materials at various temperatures (Fig. I ). 



Fig. 2 shows a fused quartz block with a chamber or box one inch 
long, cut into one side and the actual contraction of the molten gold, in 
this case over an ounce. I have the or ig inal her e and the dimen sions were 
secured by projecting the shadow on to a scre en and measuring, as well 
as by direct measurement. The pressure here is the weight of the column 
of molten p ure gold eleven millimeters high , and since the weight or 
hydrost ati c pre ssure of a column of pure gold 760 millimeters high is about 
fifteen pounds to the square inch, the pressure on the gold in the quartz ' 
box in th is experiment is about one-thi rd of a pound per square inch. This 
is certainly more than enough to control the spheroi dal tendency, but has 
not pr evented a contraction of over one-fift ieth of an inch, which would 
be a great deal in bridge abutmen t or large compound inlay. I hav e 
several 'qua rtz chambers into which pure gold was cas t at vari ous definite 
pr essures, which show diminish ing opening at the end of the bar, or, in 
othe r words, an increasing control of the location of th e contracti on. 
Those made with low pr essures will rattl e in the ir boxes, while those 
made at high pressures will not . The cylinder of cast-go ld in a tub e of 
fu sed quartz one-fourth inc h high contains a casting made with no pr es
sure exc ept the weigh t of its COll1l11n, and the gold will dr op out. 

T o determine accurately the effect of definite 
pressures and the ran ge of temperature at which they Ene,t of 

Pressure at Uarlolls would affect or move the f reezing or cooling gold, I 
temperatures. made an instrument that heated a button of gold, or 

oth er metal, in contact with a thermo-electric coupl e. 
On the button was placed a quartz plunger about one-eighth inch square 
surface to correspond with even a very large sprue neck. On heating 
a two-pennyweight button fine g old it expanded normally about one
thousandth of its diameter for each hundred degrees F . under five-p enny
weight load on the quartz, until it reach ed 1940 degrees F , and then kept 
sagging unt il it reached it s melting-point at 1960 degr ees F.; five penny
weights then could not modify or change the location of the contraction 
after the gold was cooled tw enty degrees below its actual melting or fluid 
point. This would be about equivalent to one and one-four th pounds air 
pr essure per square inch on a sprue, or a little over. Wh en the weight 
was incre ased to two ounces, equal to a little over ten pounds air pr essure 
per square inch, the ma ss began mov ing at 1920 degrees. " 

At eight ounces, equivalent to a little ove r forty " 
pou nds air pressure per square inch, it began mov601" JIll oy ed 

wltb Jllllminum. ing 19 00 degrees, and at twenty-fou r ounces, equal 
to about 120 pounds air pressure per squ are inch on 

a sprue, it began movin g at 1760. This will be the range of the cooling 
process through which pure go ld will be moved and the location of its 



TABLE OF BE HAV IOR OF GOLD AND ITS ALLO YS UNDER PRE SSUR E.
 

I I Alum. IAlum .
95~ 90'il 

Z4· kt. Gold GoldI
 Gold G old Gold I Gold. 
N AME OF 

ZQ·k,. 20·k<. 22·kl. 20·k,.24 kt. 95(.99( 9W; I Alu rm 20 pts. 

MET AL S 
~9~~~; 99 8~ ; 99 5~; 1B-ktC o ld. Go ld Silver 1CopperGoldI Go ldGold num Sol de rA\uO\ . Alum .Alum . 5;, 1 0~~ NicL.': el,Solder SolderAlum. I rr: rr : J :~ S ~~ I O~ 

1() 0 '~, 
4 pl.!i .1 f i r' 1 (' of C· I ~I 01 1.. (ZO-k t. Gcld = , 

Au. 20 -)- C". I 
. I ,. ; : I I +A ~ . 1 pU . )5'd';;tTh i ~:~:,:." ' 19<0F·I 1770''; L590 F.!16<0F·II2<0r .ln '"F. 1900 F 1,"0 I' .r " 70Fr '''' 14m .;1:100' 1000 F. 166·) F. 17:)OF_ 1li80F . 

So ftensS. .hi ' I , . 
, We" ~ rop! :1960 1800 . IS70 '1750 l~ 9 0 1270 11-10 12c!U ' 1 ~ ~ ) 2 1:;40 uno 160,) 1520 1730 IHI5 2UOO 

S. £, m, " "'.e to '.he d ropu ndee (h IS w etr b' ' 90- I 30 280 

I 

1\0 ' 950
"-J 

] " f)
' ) 

50
• 

?U 
oJ 

Ncrma t mc ln n e 

2') 
_ 

-0I 1 1 0f 

I 

0) I " -' .) 

I 
20 65 

M el ti nf" 

18:) 

M et ti n r 

320 

Mel tioE' 

S' ..i':e~ ~~~<pt:i~torO"1 
I

I 20 I ,,0 i 280 1 110 I 250 i iao 50 

pcuu 

llW'· ! 22 . 70 1 170 I 215 , 20 

point 
1870 

205 

point 
1\196 

266 

po) n t 
unknown 
320 

IS• • , in.
1oz. commences 

W ,." h r 
dro p! 

SaU ln E '3, n 2'~ to the d rop 
under this W~if b l 

I1940 
1960 

I

I 20 

1540 

1870 

I 330 

1 

1540 

1710 

-170 

] 240 

1470 

230 

1110 

1140 

30 

l090 

1140 

50 

1090 

1165 

75 

1040 

12'10 

200 

1270 

isio 
40 

1410 

1610 

170 

1390 

1490 

] 00 

Il-l-ZO 
1500 

I 80 

1665 

1720 

55 

11730 

1900 

170 
S.1[ldn[ r:a n2c 10 norma) 

mernne point 
I 

20 I 330 210 I 250 160 ::>0 202 I 
,) ~9 
.:..U ... I 70 170 215 I 100 205 , 266 

8 oz. 
I 5.£.10. com mences 

Wd£b t 
d ro pe 

] 930 

1960 

1400 

1845 

1390 

1670 

990 

1:110 

1090 

1140 

1090 

l 1l 5 

1020 

1140 1 

1040 

1220 

890 11:l-l0 

1290 1500 

1270 

1460 

. 1270 

1490 

1650 

1705 

1620 

1880 
Sa f'i:i or nnfe. Lo the drop 

und e r Ibis wc.rb t 

Saff in'l race e to normal 
met rln r poin t 

30 

30 
I'!to 

470 

280 

360 

;~20 

500 

50 

180 

25 

50 

120 

272 

) 180 

, 252 

400 

i 50 

160 

270 

190 

I 335 

220 

I 250 , 

55 

220 

260 

:376 

I s... in,

24 oz. commences 
Wurht 
. d rops 

Sl u io2' range 10 we drQp 
onder lbia welehl 

Saninl! r300fe ~ Q norma l 
mel{jD[ pa in( 

1760 

1960 

200 

200 

I 
I 

, 

, 
I 

I 

I 
I 
I 
I 
, I, 

'F IG. 3. 

...



contraction be affected by twenty-four ounces actual pressure per square 
one-eighth inch. By adding two-tenths of one per cent. of aluminum to 
the gold its melting-point was materially reduced, viz., to 1870 degrees, 
and the range of temperature through which it is moved by the various 
loads increased several fold, or five pennyweights, moved the resulting 
alloy 280 degrees below its melting or fluid point instead of 20 degrees for 
pure gold, and an eight-ounce load, 470 degrees instead of 30, and a 
twenty-four-ounce load 600 degrees instead of 200. This alloy makes 
fair fillings, and being 998 parts in a thousand pure gold can hardly be 
detected from pure gold, exc ept for being firmer. The further addition 
of aluminum does not impro ve thi s quality materially, while it produces 
a brittle gold rapidly; nin ety per cent. gold and ten per cent aluminum, 
has a lower melting-point than pure aluminum, and lower than ninety-five 
per cent. aluminum and five per cent. gold, and an alloy of about 
one part gold and two parts of aluminum makes an alloy slowly, under 
continued heating, that has so high a melting-joint that it can, with diffi
culty only, be fused with a blowpipe. It is a poor brittle metal, and diffi
cult to produce. 

Th e table of metals and allo ys (Fig. 3) shows the temperature at 
which the various p ressur es will move th e ma ss. 

Another method of establishing the effect of pressure on the con
trol of the location of contraction was to make a chamber of fu sed quartz 
25 ern. (10 inches) long, I cm. wide and 2 mm. across. The two oppo
site sides that were I ern. apart, wer e ground and polished straight from 
end to end, to within one ten-thousandth of an inch , which made the ap
paratus very ex pensive. The fus ed quartz for constructing it had to be 
made in Germany. A column of fluid pure gold freezing or cooling in 
this chamber showed the diameter at various distances from the top of 
the column, which gave the exact pr essure without errors such as are 
introduced by the wax and investment method, and gave results that cor
roborated those reported above. 

Since gold does contract and we can, at best, 
only modify th e location of part of the total contracf&ontroling 

f&onlractlon of tion , we have only two alternatives; either to enlarge 
tnerals, the mold as by expanding the investment, or produce 

an alloy that will not contract, except where we.can 
hold it, making it stretch as a ring or staple over a form. This has b~€~ 
done in an alloy which, however, we can not use, viz. : Invar metal, corn
posed of nickel 35 parts and a special iron 65 parts. This alloy ha s prac
tical1y no expansion and contraction as compared either with nickel or 
-iron. Tbe writer has tried to make an alloy of gold that would have this 
property of nearly zero contraction and expansion on coolin g and heating , 



which could be used in the mouth and also having good casting qualiti es, 
but so far has fail ed . It probably will be accomplished by some one, and 
metallurgists sho uld try to pr oduce it . Our only method s av aila ble at 
pr esent are to ex pand th e pattern or inv estment or both and control th e 
shr inkage as far as possible by pressure on the freezing metal, which com
bined m ethods wi ll reduce the con tra ction full y two-third s, and to hold 
the contracting gold. Ther e are conditions wh ere, by stretching the gold 
as it cools, th e cont raction can nearl y all be controlled , as shown by thes e 
rings ca st for thi s tapering column. When th e gold is allowed its full 
_ontr action with a very soft investment, to retain the form of th e ring, 
it wi ll not pass nearer than to within about one inch of th e base, whil e th e 
wax form passed over the base. With an average plast er and silica 
investment heated to 80 0 degrees and moderate pressure, it passes to 
with in half an inch of th e base, and when cas t over a hard model of the 
artificial stone it will slip over th e base , because th e pure gold could not 
cont ra ct , or, ra the r, W<:l S st retched as it did so . This will pass over th e 
base , and will be referred to in cas t ing crown bases" do uble compound 
inlays, etc. 

An other fixed condition to which we must ad apt 
ourselves and ou r methods, is a very confin ed, inconRd \1a nta g~ of 

mo d ~ 1 m~lhods. venien t space for making ex act operations in , and 
all of th e work that we can remove from that con

fined envir onment to wh er e we may hav e fr eedom will add not onl y to 
the comfort of both the pati en t an d operator , but to the ex actness of that 
part of th e work tha t pertain s to contour, etc., provided we can readily 
remove unchanged all the data pertaining to the relations of parts, 
whi ch we ca n very readily do with great exactness, as will be show n. 

This is the g rea t ad vantage of all model methods, and th e speaker 
believes that in th e near fut ur e a ve ry large majority of all th e inla y 
work will be done by some of the mod el meth ods. The requirements are 
that an impre ssion be tak en th at will faithfully rep roduce not only all 
the cav ity su rfac es, but th e cont ig uo us parts, so that all the involved rela
tions can be faithf ully r eproduced outsi de of the mouth. There are two 
g eneral divisions or k ind s of mod el procedures. On e provides for a 
model that reprodu ces the too th and in which <:I pattern is made in 
platinum foil or wax, from which, when sepa rated fr om the model, the 
inlay is made. The oth er provides that th e filling o r inlay be made 
d irectl y in the mode! itself , thus eliminating' two steps . To the former 
class belong the fu sed metal <:Ind sulphur and amalgam models which are 
good as far as th ey go, but do not allo w of cas ting or fusing the filling 
d ir ectl y int o them . The other IS a hard model that reprod uces the teeth 
and st ructures w ith equa l faithfulness, but also allow s of casting or fusing 
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the gold directly into it, and ill whic h th e inl ay is polished and practi cally 
completed ex cept for the final finishing of th e margin when cem en ted 
into the cavity. So far as I know, th ere is only one such hard mod el 
as the latter calls for, viz. , th e ar tificial stone suggested by the w riter. It 
is a silica te cement and uses ph osph oric acid as a liquid. Unlike the sili
ca te cement s, it does not have co ntra ction on setting and can be heated to 
and above the melti ng-point of gold without cont ract ion on cooling agai n. 
It exp ands to abou t eigh t- tho usand ths a t dull red heat and requires some 
heat to make it become s tone hard. I have developed some impr ovement s 
in the method s for making it since I reported befor e. 

It is a s ilica te cemen t with the essential differen ce tha t it does not 
contract on sett ing nor again on being heated, even to a high temperature. 
Practicall y all the silica te cem ents contract as much as forty thousandths 
of their dimensio;ls on being heat ed even dull red and fuse far below the 
melting-point of go ld. It was ex t remely di ffi cul t to pr odu ce a subst ance 
that wo uld not contract afte r bein g heated and that would sus tain such 
a temper ature. This is the only subs tance that is moldable and hard and 
stro ng tha t the speake r kno ws of that will do it. 

E xceed ing g rea t ex actnes s of formula and fusing tem per ature ar e 
necessary to pro duce a constant material th at will not contract, when 
mixed with its ac id, mo re tha n one -tho usan d th of it s dimension . In any 
formula th e va ria t ions in the chemical con sistency of th e ingredients mu st 
be me t by va ry ing slightly th eir proportions. A good kaolin, three par ts; 
ca lciu m hydrat e, one pa rt, and alumin um oxid , one part , by weight , 
thoroughly g ro und tog eth er we t, and burned to about 2 750 degrees F.) 
pr oduces, when g ro und again with out contact with ir on , a good founda
tion . This is mixed, wh en finely ground wi th best qua lity potshell , equa l 
parts. The fused mass abov e has extre me hardness an d is ve ry difficult 
to powder. No tw o kaolins ha ve exactly the same chemical propo rtions , 
whi ch mak es caref ul adjusting of the above fo rm ula, to the material used , 
necessar y. T his does not make so white a model as a result obtained in a 
synthe tic manner by a fo rmula I ha ve developed of th e following contents : 

P ure silica 2 0 par ts 
Ca lcium hydrate 19 part s 
A lumin u m ox id 42 parts 

T he purity of th e calcium oxid will det ermine the exac t amo unt ol. ,it 
required to pro duce a stone of zero contrac ting qu ality. This is also, 
wh en powdered w ithout contact with iron ( fo r tb e slightest trace pro
du ces fr othing and gas bubbl es ), mixed with th e finely powdered pot
shell, a nd the wh ole mi x ed and powder ed to g o throu gh at least a 2 00



mesh sieve . The ac id may be prepa red most easi ly by boiling slowly a 
good quality of or th o-ph osphoric till it ceases boiling and fumes cease 
to be g iven off, thou gh st ilt sy r L1PY, and no t tu rn ing eithe r bro wn or white . 
I t is th en diluted after cooling to abo ut 453-10 degrees Ba urn specific 
gravi ty and brou ght again to boiling-point. T he ad ditio n of modi fiers to 
the acid, in nea rly all cases, lowers th e fusing-poi nt of the resulting a r ti
ficial stone . 

I will be glad to ass ist any man ufac ture r who will provide th e ma te
rials in good quality to the dental profession. Anyone can make th e 
trays, having a good qua lity of heavy, hard brass. T he wax is made 
by melting tog ether , dry, a 

P ure white g um de mar . . . 110 parts 
Tamarack (hackmatack) 10 pa rts 
Beeswax . IS pa rts 
Paraffin . 10 parts 
S tearic acid . 2 pa r ts 

I n the orde rs given and witho ut contact wi th wa te r, whic h in jures the 
qualit y. 

The making of an inlay by th e wax-pa tte rn meth od and cas t ing in
volves three transfers of the cavi ty surfaces, viz ., (I) the tooth to the 
wax, (2 ) the wax to the investmen t, and (3) the investm en t to th e go ld, 
and the inlay is th us three steps removed fro m the tooth . With the fused 
metal model or sulp hur model , or ama lgam model methods, the cav ity 
surfaces ha ve been t ran sferred five times, viz., (I) the cavity to the im
press ion, (2) the impression to the fused metal, sulph ur or amalgam 
model, (3) this model to the wax pa ttern , (4) the wax patt ern to the 
investment, and (5) the investme nt to the go ld. 

T he sto ne-model me thod cu ts out two of these steps and transfe rs 
of the cavi ty surfaces, and, like the wax-pa tte rn me thod, is only three 
t ransfers of surface removed, viz., (I) the cav ity and tooth surfaces to the 
imp ress ion, (2) th e impression to the sto ne model, (3) the s tone model 
to the go ld; but it has man y dis t inct advantag es, some of which are as 
fo llows : 

(I) T he wax which takes the imp ression of the 
cavi ty is supported at every poin t by more ha rd JId\1antaM5 

Of ]Irtiflcial Stone wax, wh ich in turn is a ttac he d to the tr ay and its 
models. metal sep tum, passing between t he teeth , in case of 

an invo lveme nt of the ca lltac t po int, thus ent irely 
elimi nati ng the making of exact wax contours and ma rgi ns in the tooth 
cav ity. 



(2) Th e mar gins and contours of the fitling are made with hot wax 
on a dry model held in the hand with the approximating tooth rem oved 
or repl aced at will and besides, with no moisture, blood, gum tissu e, cheek 
or ton gue in the way to prevent viewin g an d formin g a normal cont our 
and margin , or to prevent the manipulation of the wax to that ideal. 

( 3) The septum of the tray and the wax it ca rr ies with it presses 
the g um tissue temporarily away fr om the gingival margin of the cavity. 

(4) The model reproduces the con tac t point of the app rox imating 
tooth and pennits of exact and definite adding to the new gold conta ct 
point to rep roduce a more perfect ana tomical interproximal space, secure d 
by slight separation with a temporary filling. 

( 5) The ston e model is very strong and hard , and when the gold 
is cast aga ins t it ( £or the stone model with its wax filling is invest ed a nd 
thus become s a part of the investm ent) the cav ity surfaces are not dis
torted , which occ urs in large measure with a ll plaster and silica te inves t
ments with any but an ext reme ly low pressure. 

(6 ) The stone model g ives the tooth surfaces and contours beyond 
the cavity margins, which a llow the po lishing of all surfaces and con
tours of the cast or fused gold inlay while in its normal environmen t. 
mak ing an ex treme exactness of normal contour possible. 

(7 ) Th e cav ity margins can not be bent, sp un or distorted in 
polishing . 

(8) The heat of polishin g does not hurt either the patient or ope ra
tor , nor can the inlay fly, as it is held securely by the mod el. 

(9) For simple caviti es wi thou t mu ch cont our to be reprodu ced , the 
inlay can be very quickly mad e by fu sing directly int o the model ( de 
scribed lat er ) . 

( 10) Several teeth invo lving severa l adj oining contact points can be 
rest or ed at once with g reat exactness. 

( II) It is extremel y simple on th e stone mod el to reinforce w ith 
ir idio-pl atinurn all places wh ere pure gol d is not ideally st rong . 

( 12 ) Inlays hollow to any ex ten t can be simply made by adding new 
soft stone to the stone cav ity before waxing. 

( J3) The stone model is so strong that any des ira ble pressure can be 
used without distort ing the cavity surfaces which occur s with the plaster 
and silica investm ents mat eri als, -, 

(14 ) Porcelain s, exc ep t high-fusing, can be fu sed in to gold or gold' \ 
and platinum fo il while on the stone. 

( r 5) The stone models can be reheated at will even afte r being 
thr own hot into water, making it possible to ass emble bridges and ortho
dontia appliances and build them up in sect ions . 



(16) Any sk illed assistant can mak e the models and wax, a nd arti cu
late, and cas t. o r fu se the inl ays and polish th em with ex ceed ingly great 
ex ac tness, as well as th e operato r. 

(1 7 ) The pat ient is save d much time and discomfo r t, and beside s 
sho uld have a restorati on fulfilling very high ideals ; higher t han by most 
met hods . 

(18) T he ope ra tor increa ses his ability to sene and, th erefore, to 
ea rn , besides ma king mor e perfect restorati ons. 

T he method o f maki ng a stone model is as 
't¢chnlqu¢ of making follow s : Mix th e pow de r and liquid to about th e 

stene modtls. con sist ency requ ired for a silicat e ce ment, filling 
and insert ca ref ully into th e dried wax impressi on 

with a sma ll pointed spa tula . A s teel spa tula can not be u-sed for mixing, 
owing to th e formati on of gas bubbles ; use ins tead nickel , German silver 
or bone. As soon as the stone is se t enough to hold its own weight with
out flowin g, it is p laced over a burner a nd the wax of the impression 
melt ed off , but not pull ed off as with compound. By the tim e the wax 
is all melted off the ston e is st rong , but not hard like earthenwa re, until 
heated dull red with the blowpipe. The model is black fr om the carbon 
of the wax until heated red , wh ich makes it white. 

If the mix is too thick whe n placed in the impression, it will be diffi
cult to pr event entrapping air and will also mak e a weak model by being 
laminat ed instead of homog eneou s. It should run very slig htly in large 
qua nt ity on the spatula o r slab, but not soft eno ugh to drip, when mixed 
properly. T he impr ession mu st be thoroughly dry when th e s tone is put 
into it , and small qu antit ies m ust be pla ced in to ve ry deep parts of th e 
impression first , with th e sma ll point of the inserting instrument. T he 
same care mu st be taken as wh en painting an investme nt onto and into a 
wax pa tte rn for an ai r-bubble or disc on any cavity su rface makes the 
inlay that mu ch too large and p revents it sea ting. Any assistan t can with 
a littl e pract ise make th e models. 

If porcelain is to be ba ked on the model, the wax mu st be a ll burned 
ou t first, making a w hi te model, othe rw ise the carbon from th e wax will 
d iscolor the porcelain. 

T he pr ep ar a tion of cavities is 50 imp ortant as to 
deter mine qui te largely, before the impression is (?;aulty 

Preparation for take n by an y meth od wh at soever, whe ther the opera
Tnlays. tion will be a success or a fa ilure. To say that ~\ 

cavity sh ould be p repa red so an impression will draw, 
only mak es it fulfil one of the cr udes t and simplest requirem en ts of the 
fixed conditions. T he ph ysical p roperties of the gold and tooth sub
sta nce: the establ ish ed fundam ental principl es of carrying ca vity margins 



to immune areas ; the anatomi cal relat ions and the physical stresses to be 
susta ined, all un it e to es ta blish th e fix ed cond itions which, of necessit y, 
control in ge nera l the ideal pr eparati on of eac h and eve ry cavity. 

S ince go ld con tracts to a considera ble ex tent on 

Btotltd coo ling fr om th e liqu id stat e, which can not be en
margins. tir ely correct ed or prevent ed, and sinc e it is im

poss ible to make cavit y surfaces of th e go ld perfect 
in smoo thness, it becomes necessary fo r these and the reasons estab lished 
by the fixed conditions, that we ut ilize the ma lleable or moldab le qu ali ty 
of go ld in orde r that we may produce ma rgi ns of th e high ideal we have 
taken for our sta nda rd , viz., th e go ld in close adaption to the tooth with
out a visible cement line at any point a ro und the ma rg in. S uch margi ns 
can not be made all aro und an in lay having butt joints coming at rig ht 
angles to flat su rfaces . W e must beve l eve ry marg in th at does not 
nat urally meet the sur face at such an ang le as to permit the go ld being 
burn ished and finished t ightly to the tooth . T he st rength of the mar gin 
makes it impera tive th at we do not make thin kn ife edges, but rather like 
the edge of a ch isel. Such a margi n ca n be burn ished closely to the tooth 
while the cement is still soft, pr ovided the me tal is pure or nearl y 
pure go ld. T his meth od of prepara tio n is pa rti cula rly ind icated at the 
gi ngival ma rgins where, of necessit y, a b utt jo in t can ra rely, if ever, ma ke 
suc h a margin as our standa rd requires. -T he fulfilment of the requ ire
me nts of ex tensio n for preven tion removes enough of the tooth structure 
to allow of th e wi thd rawal of an impr ession from approx ima l surfa ces 
where the contact points are to be repr oduced , and very ofte n there w ill 
be a decided saving of tooth st ructu re for an ideal inlay prepara tio n as 
compared with the ideal preparati on for a malleted filling, 

T he strength of the inlay in resist ing the stresses of mastica tion 
mak e it esse ntia l tha t we do not depend upon the cem ent for re ten tion. 
but rath er prepar e al l cavities wi th a doveta il locking step, or a locking 
pos t, and depend on th e cemen t to preve nt the inlay backing ou t of th e 
locking sea t. T he detailed application of these fun damental principles of 
mar g in pre pa ra tio n, of carrying margin s to immu ne areas and the 
mecha nica l lock ing of all inlays will be demonst ra ted with illust rations 
for the va rious cav ities. 

A first requ isite for the taking of impression s 
wi th any plas tic is tha t it be supported equa llyat alltailing 

Tmprmlons or points to and beyond all areas to be acc ura tely repro
eavlIles. duce d. This makes a va riety of fo rms of tr ays 

necessary for the Iar ge variety of cavi t ies met with. 
T hese can best be illu strated in connec tion wi th the indivi du al cav ities. 
Gr eat care mu st be ex ercised that t rays be made of a very stiff mat er ial , 



otherwise the impression wax will spring it when it is pre ssed over the 
tooth or teeth , and when removed the spring of the metal will slowly 
but surely distort the impression. The impression material should be as 
stiff at the base of the impression as can conv eniently be pressed to place, 
and very soft on the surface to allow it to be pressed into every cr evice . 
For very difficult cavities with margins ex tending below the tissues, it is 
oft en of great advantage to use the first impression as a tray and after 
drying place a fr esh surface of hot impression wax in it by dropping 
fr om a heated stick. The first ma ss, the cold, hard impression carries the 
second of warm, sof t material int o every cr evice even far und er the g um 
tissu e where possible. 

The impression material us ed for making artificial -stone models 
mu st be fr ee from inorganic substances and must be such as will melt 
clean from the stone w ithout injuring the surface. 

The ordinary impress ion compounds are not suitable, and for this 
rea son a proper impression wax is furnished with the stone. A dry heat 
must be used to remove the wax fr om th e stone, and if it is desi red to 
save the wax a dry water bath can be used and is mad e very simply by 
placing a dry cup or tumbler in a hasin of boiling wat er. After the wax 
has melted off, the model sho uld be hardened by being plac ed in a large 
flame whi ch has an exc ess of oxy gen or air. This will burn up the wax 
w ithout smoke. T he wa rming of the special wax pr ovid ed to be used with 
the s tone is best accomplished by placin g a wafer of proper size in som e 
very warm wat er and soften to about the toughness of stiff leath er; at the 
same time moisten the finger s so that the wax will not stick to them . 
Fold the wax over and over, preferably slig htly heating the folding 
su rfaces as they come together, in a g as or alcohol flame. Place in the 
dry tray pr eviously selected, at which tim e it should be quite resistant 
to pressure. Heat the surf ace in the flam e and, after drying the ex
cess of water from the cav ity with a blast of warm air, press to place. 
The impression should not extend into needless undercuts. While 
supporting the tray with one finger pla ce the saliva eje ctor in the patient' s 
mouth 'and throw a stream of cold water on to the impression . When it 
is partially chill ed withdraw part way fr om the cav ity to remo ve ext en
sions that may ha ve protruded int o adjoining int erproxim al spaces and 
pr ess aga in to place and chill, and remove . If ther e is unc ertainty as to 
whe ther th e cav ity is Eree from undercuts, pla ce the imp ression back int o 
the tooth once or twic e to plane off any possible points wh er e it has 
drawn. Special points in impr ession taking will be br ought out in con
nection with the different cav ities. 



The d eta iled techni que for appl yin g thi s method 

Slmvl~ to th e variou s cav ities wi ll be taken up in detail be

O"lusal or Buttal ginning with the m ost simple : First, simple occl u
£a\1ll1~s. sal or buccal wh ere th er e are no difficult contours 

to re place. U se cross -c ut tape r, fissu re burs for th e 
p repa ra tion, cu tting out all inv olvin g fissures. Be vel all margins, p re f
er ably with a small vul carbo sto ne such as th e hub of a vulca rbo sepa ra t
ing disc. The simp lest tray for suppo r ting the wax for taking th e imp res
sion of such ca vities to and beyond all su rfaces requi red to be accurately 

reprod uced is th e fing er , as sho wn in F ig . 4 . Heat a piece o f wax in 
the hot wate r, as directed, and , a fte r fold ing int o a st iff cone, heat the 
base of the cone ju st a little to mak e it sticky; parti ally dry th e for efing er 
an d place the base of th e co ne up on it , then dr ive th e excess of water 
fr om the cavity with a sho r t blast of warm air, and afte r warming 
th e tip o f th e cone q uit e so ft pr ess it into th e cavi ty and chill w ith the 
s tream of cold water a fter placin g the sa liva ejector. The part of th e 
wax wit hin the cavi ty may no t be qu ickl y chilled ha rd eno ug h to prevent 
it being d isto rted wh en the impr ession is removed , so loosen th e impres
sion, and after th e coo) wat er ha s r each ed the cav ity, p ress it back into 
the cavi ty to place once o r twice to make sur e o f no distortion. There 
are two meth od s fo r ma king the gold inlay for such a cavi ty, viz., fu sing 
and cas t ing, but for either meth od the stone model is made in the sa me 
way. A fter mixing the stone on a sla b to abo ut th e cons iste ncy o f a thi ck 
po rr idge, pla ce it int o th e th or oughly dried impression , being carefu l not 
to inclos e air. If it is de sired to make and complet e the ope ration imm e
di at ely, use th e fusing method and place the fr esh ly m ixed s tone directly 
on a wire gall ze pla te ove r the edge of a bunsen flam e and heat, at first 
slow ly, to ha rd en the stone and let the wax d rop off into any p rov ide d 
rece p tacle. 

Ther e are bunse n burners supplied by the dental tr ade pr ovi ded with 
a dri p dish about the burn er. Th e model sho uld be heat ed in th e d irec t 



flame until the wax tak es fire, which it w ill do and burn without smoke 
in a large flam e, having an excess of air. A ft er rem oving th e model 
from the flam e pla ce over it eithe r thin so ft platinum or , mu ch better, 
"Rowan' s" go ld and platinum foil, shade 2 or 3, and a fter press ing th e 
center in to place with a ro ll of co tto n, use a piece of unv ulca nizc d rubber 
with a shee t of rubber clam around it and pr ess th e foil into close contac t 
with the cavity walls a nd margin s. If th e gold and pla tinum foil is used 
tak e C1 piece twice th e size of the top of th e tooth and a fte r anneal ing fold 
once, which makes a good stro ng lining for the ca vity and adapts very 
closely. A fte r adap ting the lin ing melt block s of pu re go ld int o the 
cav ity directl y int o th e stone with a blowpipe . The lining will d raw the 
pure gold up over all margins and no flux is needed. 

F ro m th e time the impression is taken, the who le operation, making 
th e model, burning off th e wax and melting th e gold seldo m requires over 
ten or twel ve minutes, even when done in a clin ic with improvised con
venie nces . T he inlay is trimmed with a stone and polished whil e on th e 
s tone model wh ere it was ma de an d w ith ve ry g reat exac tness of contours, 
for the mod el g ives the conto urs and surfaces beyond the mar gin s, which 
a simple cavity pa t te rn does not . Usually simple occlu sal cavi ties car ry 
out th e normal con to urs of th e natu ral perfect tooth, and do not require a 
special con to ur for th e antagoniza t ion. T his wi ll be almos t un iversally 
true fo r all yo ung people a nd for suc h ca ses no bit e is requi : ed . 

T he making of a n a r ticula tion recor d or occluding model will be 
desc ribed lat er. If on placing th e inlay into the ca vi ty and le tt ing th e 
pati ent bit e, it is too full , th e surface will sho w a mark a nd th e inlay will 
be placed back in th e model an d g ro und, and, in so doi ng it can not fly 
or be d isto r ted , or cause di scomfort fr om heating. T he locking of th e 
inla y is sec ured by g rind ing cross -cu ts around th e pa rt whi ch goes wi thin 
th e cav ity and into whic h th e ce me nt for ms en anchor key. In cer ta in 
cas es of excess ive strain on inlays, as bri dge abutme nts, s im ilar g rooves 
sho u ld be cut int o the ca vity wall. The inlay sho uld be se t wi th a ve ry 
slow se tting, soft hyd rauli c cemen t, ground ver y fine and the margins 
should alw ays be fin ish ed to the tooth while th e cement is st ill soft . For 
the reason tha t the mos t perfect margin s ca n only be sec ured by burnish
ing and spinning a malleable met al to th e tooth wall, we sho uld use a 
pure, or nearl y pure, gol d for inlays. The hubs of vnlcarbo separa ting 
di scs are espec ially good quality of sto ne for fin ishing th e go ld to the 
margin s and sho uld be run tow ar d the ena me l to d rag a nd flow the gold 
to the tooth . In some cases a fine go ld finishing bu r is very efficient. 
Follow th ese with a fine cutt lefish di sc and finally burn ish with a pol ish ed. 
stee l burn ishe r ;i,' pear o r oval shapes are most conv enien t. The burni sh

"The new burn isher s, made of tungs ten, a re vas tly superior to steel.-Eo. 
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ing hardens the surface of the gold. Such margins properly finished, as 
directed, can not be detected from the ver y best malleted and most ex
quisitely finished fillings, except that they keep their surfaces better. 

The other method for restoring such a simple occlusal or buccal 
cavity is by casting directly into the stone cavity as follows: After melt
ing and burning off the impression wax, cool the model and proceed 
to wax up an ideal filling in the dry stone cavity, using any base plate 
wax, preferably one not colored, for the advantage of transparency. Use 
a hot instrument and melt and mold the wax to the stone. Attach a pin 
and sprue gate to the wax at any point and invest the whole model with 
its waxed filling in a casting ring, using any cheap strong silica and 
plaster investment. About four parts by weight of a suitable silica to 
one of plaster is good. Dry and burn out in the ordinary way, except that 
there can be no damage done to the cavity surfaces by rapid heating since 
they are very strong, being entirely in the stone model part of the 
investment. Cast with any method directly into the stone cavity and use 
as high a pressure as desired. The higher the pressure the less the con
traction by the forcing of new gold from the sprue into the cavity as the 
gold in the cavity recedes by contraction, as explained in detail earlier in 
this paper. To have the pressure effective the sprue neck must be large 
and the investment hot. Too small a sprue neck with any method of pres
sure prevents movement of the congealing gold by the chilling of the gold 
at that point. When casting with air pressure or suction machines, always 
mount the inlay on the sprue so that the mass of the inlay is below the 
point of attachment and trim away any parts of the model that extend 
outward below the inlay, thus cutting off the pressure on the margins 
that would otherwise be in pockets in the stone model. With a centrifugal 
force this is not necessary. 

Inlays cast into the ssone model with low pressure will be easily 
removed, and when fused in with a blowpipe, as directed, will drop out, 
while those cast with high pressure will always be so tight as to necessi
tate the breaking of the model to get them out. The difference is due to 
the control of the contraction of the inlay by pressure on the sprue. The 
hot casting ring containing the stone model is thrown into cold water to 
chill after casting (water does not affect the stone after it is heated), 
and after washing off the plaster and silica and cutting off the sprue gate 
it is ready to polish. This is done as with the fused inlay while it is-in 
the stone model, with stones and discs. To remove the polished inlay-, 
from the model when cast with high pressure use a pair of knife-edge 
cutting pliers, like wire-cutters or wedge-cutters, and split the model in 
such a way as not to bend the inlay. It will usually shell out clean and 
bright like the meat of a nut, but if any pieces stick to it use an exca



vator to d islodge them. Be very careful to look for any possible beads on 
the back of cavity surf ace caused by air bubbles caught in the stone when 
mixing or inserting it. These are easily seen and if not r emoved would 
prevent the inlay going to plac e. Inlays to fit ins ide dimensions, when 
cast into the stone, will fit the cavities more tightly than when fused, 
and vice ver sa when in tended to fit outside dimensions. Grind cross 
grooves in th e cavity surf ace for the cement to lock into and anchor the 
inlay and set and fini sh as directed for the fused inlay. Any o rdinary 
assistant can soon learn to do any or all the work of making the inlay 
from th e time the impression is taken to preparing it for sett ing . 

FrG . 5. 

We will now consider the restoration of the 
simple sing le approxirnal cavit y. The cavity prepa

Slm~le 
Single JlJ,lJ,lrOXlmill ra t ion for ancho rage and prevention of return of
 

Ea\1l11~s. caries requires a seat in the occlusal and removal of
 
th e contact or ap prox ima l surf ace sufficient to carry 

the margins to immune a reas . This preparation can , if properly applied, 
g ive all surfaces and margins in such relations that if cavity undercuts 
are filled they can be faithfully reproduced in an impression, provided 
th e impression material is supported properl y at all points. The two weak 
points of approximal fillings a re th e g ing iva l margin and th e anchorage. 
Both can be made very s trong if the cavity is pr operly pr epared. The 
fixed condi t ions are establishe d, th at to make all margins of every ca vit y 
of th e high ideal se lected, we mu st use th e mold able or bending qu ality of 
pure, or nea rly pure, gold and burnish th e ch isel edge or margin into '. 
very close ad aptation at every point while th e cem ent is soft. To be abl e 
to do thi s we mu st prepare the cavity accordingly , and with g reatest 
necessit y at th e gi ngi val margin. Wh en the contact surf ace is removed 
sufficientl y to ca rr y the buccal a nd palatal margins to immune areas th ere 



is room to pas s a thin separating disc between the teeth and pr epar e that 
important gingival margin, as will be seen in any of the illustrations of 
approx irnal preparation . The bevel at the gingiva l margin should if pos
sible, for immunity, be ca rried just under the fr ee margin of the soft 
tissu e. The floor of the cav ity does not require to be carried to the edge 
of the soft tissue as for an ideal pr eparation for a malleted filling. If the 
decay does not involve the tiss ue to be used for the step, much less will 
need to be rem oved at that point for a g iven strength with the inlay than 
for a mall eted filling , provid ed the reinforcing bars are used in the st ep 
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FIG. 6. 

when casting, as direc ted la ter. If every margin sh ould end in a chisel
shaped edge, that must be provided for in the prep ar ati on of th e cavity. 
Fi g s. sa and Sb sho w two views of goo d bicuspid approximal prepara
tion s. Fi g . Sd shows the usual inlay butt joint at the g ing ival margin 
and is very bad pr eparation, for it is impossible always, if eve r, to mak e 
with that preparation a margin there havin g the high ideal we have 
adopted. U se crossc ut taper fissure burs and small stones for the prepara
tion of the s tep and its margin s. The taking of the impr ession ha s one 
appa rentl y ve ry serious difficulty, viz., the und er cut under the contact 
point of the adj oin ing tooth , wh ich will distort an y mass , being drawn 
unprotected from the cavity and int erp roximal space. This can be pr e
vented quite perfectly by means of a septum on the tr ay, which ex tends 
between the teeth to the g ing ival tissue, as shown in Fi g s. 6a , 6b and 6~ ; 

6a show s the cavity preparati on and the rela tion of contact point of the " 
adjoin ing tooth; 6b shows the tray with the wax on both sid es of the sep- '. 
tum in the tray and pressed to positio n as when taking th e impression, 
and 6c illus trates how the wax, und er the contact point, is dra wn off and 
is not able to distort the imp ression of the cavity because the surface is 



completely p rotected by the septum as th e tra y is withdrawn st ra ight out
ward from th e cavity. The sep tum also has th e gr eat adva n tage of press
ing th e soft tissu e out of th e way to permit an impression of th e othe r wise 
difficult gi ng ival margin . 

The distance t-o th e gingival margin va ries grea tly an d ac cordingly 
tr ays have been made with th e follow ing diffe rent length s of sep tums, 
3-16 inch , 4-16 in ch, 5-J6 inch, 7-16 inch, an d ca re sho uld be used in 
selec ting th e t ray with jus t the pro pe r length of sep tum for the case to 
just pres s the soft tiss ue with out cu tt ing it. If the cav ity is pr epared 
without under cuts, or with th e under cut s filled, a nd if the impression wax 
is quite st iff next to th e tr ay and qu ite so ft on its surfaces, a nd after 
placing in cavity is sta rted a littl e and replaced before it is ha rd and th en 
we ll-chilled with a strea m of cold wa te r befo re rem oving it , you will 
make a very fa ithful repr odu ction of th e cav ity and mar gin s. If th e im
pr ession is ca r ried beyond th e g ingiva l bevel, the bevel a t that poi nt will 
show to ex tend to th e end of th e impr ession . Make a record of th e width 
of the bevel below th e gi ng iva l floor , either by marking it on the impres
sion wi th a scra tch line on the wa x to be rep roduced on th e stone model 
or by notin g the distance below the floo r and wa x an d finish to tha t re cord . 
If th is preca ution is not taken th e cont our of th e inlay may be waxed 
and cast, as show n in 5c, wher e th e co nto ur of the approxima l su rface is 
car ried too fa r und er the g ingiva l tissue and must be rem oved befo re 
sett ing, othe rw ise a most irritatin g a nd defective gi ng ival mar gin would 
resu lt. T he imp ression is filled with th e s tone and the model made as 
prev iously dir ected . . 

If a reco rd of the occlusion is requ ired , have the pat ien t bite int o a 
sma ll wa rm ed piece of base-plate wax placed ove r the cavi ty. This is 
placed on the model in the same po sition and after wiping the surface of 
the model a t each end beyond this wax wi th vaseline , to pr event sticking, 
place some freshly mi xed s tone int o the prints of th e cusps of the ant agon
izing tooth, letting it extend on to th e vase line surfaces of the model for 
contac t . P lace the w hole ove r th e flam e and in a few moments it will be 
har d and th e wax bite mel ted off. T his makes a ver y qui ckly made model 
arti culato r an d, pa rticularly ill compound or mu lt iple restora tions, is of 
great conve n ience and acc uracy . A lmost invari ably wh en th e con tact 
point is gone the natu ral an at om ical inte rp rox imal space is destroyed by 
the tee th clos ing together, which space should be secured aga in by plac 
ing in the prepa red cavi ty a tem por ary s topping filling for a few days. 
T o p rese rve th e space will necessi tat e an addition of go ld on the contac t 
point of the inlay . T o sec ure this defini tely , we will polish a lit tle off th e 
con tact -po int of th e app roximating stone tooth whi ch has beco me a pa rt 
of our model. W e will a lso po lish off a co up le of tb ousandth s of an inch 



extra to allow for polishing the g old of the inlay. The cavity may now be 
waxed up with a warm instrument, thou gh usually it is best to divide the 
mod el betw een the teeth, thus giving very perfect access to the g ingival 
margin . To separate the mod el, use a fine jeweler's saw and star ta cut and 
then with the fingers or a pair of excising forceps. fracture through. 
After waxing up the cavity pre ss the two pieces together in their exact 
relation, as shown by the fractured surfaces articulatin g together, and 
thu s prod nee a very exact contact-point. The norm al contours of the tooth 

FIG. 7. 

are shown by the model and th e waxing can be done with extreme accu
racy, producing more perfect ideal cont ours for th e anatomical condi tions 
as th ey exist than can usu ally be done with a matrix and polishing and 
shaping cont ours of malleted fillings in th e mouth. 

If g reater st reng th is required in th e step, run a piece of round ir idio
platinum wire through the die-plate and thread it and cut and bend a piece 
to set in the step, as shown in Fig. se. This is placed in the cavity before 
waxing it and an end is left, as shown, ex tending about a six teenth of an 
inch beyond the model to engage in the inv estm ent which will hold it in 
place w hen the wax is melt ed out and the molten gold is go ing in to chill 
around it. This makes ve ry little cutting neces sary in th e step for a very 
strong anchorage. If there is already a goo d filling or inlay in the other 
approximal or the occlusal surf ace of the same tooth, thi s method makes 
a very simple and strong means of lockin g the two together, as shown in 
Figs. 7a and 7b. A groove is cut across the occlusal of the fixed filling 
and a hole drill ed into the strong part of the mass. A piece of the 
threaded iridio-pla tinum bar is bent to fit into the hole and lie where it 
will be in the mass of the new inlay. The impression is now taken over 
thi s and the bar comes away with it. When the st one is pla ced in the 



impr ession and the model removed fr om the impression by melting the 
latter, th e bar is in place in the model as it was in the tooth. W ax up 
the cavi ty over it and cas t a round it. I t can not move because th e end 
that wa s in the hole is anchored in the stone model. All inlays are 
pol ished on the model in p rac tica lly the same manner. Be particularly 
careful with the gi ngi val margin and cont ou r. 

T he writ er usually takes two imp ressi ons, whi ch only takes a few 
moments, an d for no oth er purpose th an the ad vantage to the assistant 
of having a second model of the cavity befo re him when polishing the 
go ld inlay in the firs t model to show where the cavity mar gin s are an d 
to allow of pr acti cally complete exa ct shaping and polishing on the model 

F IG . 8. FIG. 9. 

befor e fract uring it. T he advantage of th e stone model for final sha ping 
and finishin g of normal contours is very great. 

After removing such no rma l inlays fro m the model, by fr acturing it 
with a pair of cutti ng-pliers or for ceps, crosscut the back of the inlay 
with a thin-edged stone an d look for an y beads of gold fro m air-bubbl es, 
and if the mass of go ld is largc and lies near the pu lp, g rind off sufficien t 
to gi ve a goo d cement linin g betw een at tha t point. Place in the cavity 
and burnish carefully to all margins a nd look pa r ticularly to see that the 
gi ngi val ma rg in has not been contoured and ex tended too fa r, as show n 
in Fi g . 5C. Cement with a very slow setting cement and finish all ma r
gins to the tooth while th e cem ent is st ill sof t. A cement that se ts too 
quickly for doing th is makes such margi ns as we have taken for ou r \ 

ideals imp ossible. A fter spinning all the accessible margins to the 
tooth with the stone and disc, the g ingival margin mu st be finished with 
hand instruments whi ch, how ever , can be done very accuratel y an d 



quickly if th e ging ival margin is not left ex tend ing beyo nd th e g ing ival 

bevel which is eas ily correct ed if looked for befor e cementing . Use fine 
d raw-cu t files or finisher s an d burn ishe rs. The D . D . Smith proph ylaxis 
scale rs mak e excellent inlay t rimmers and finishers for th e gingival 
borders if you have no bett er. The writer has des ig ned simple convenien t 
forms th at reach all surfaces and angl es eas ily. Th ey can be obta ined 
throu gh an y of th e dental supply houses and a re mad e hy the Cleveland 
Dental M fg . Co. T hey inclu de file-cu t tr imm er s in pairs so designed as 
to reach th e ging iva l mar g ins of all teeth fr om both inside an d ou tside. 
Also long-tap er rotar y fin ishe rs for the sa me pur pose for use in the 
handpi eces. 

FIG . IO . 

The pr inciple of anc ho rage by means of a ba r, 
ar oun d which th e in lay is cast, is ve ry app licab le RnchOrilBe 

wirh Bar. and wi th great ad vantage for badl y or pa rtially 
br ok en-down tee th, as cuspids, whe re no ret aining 

wa lls are left , as show n in F igs . 8a and 8b . I n such cases the thread ed 
bar is placed in th e hole in th e tooth and is allow ed to corne away with 
th e impression , as in F ig . 7. This mak es a ve ry strong an chorage, with 
ex ceedi ng ly little loss of tooth str uc ture . Any of th e cavi ty r est oration s 
con sid ered so fa r ar e very simple com pa red with th e do uble com po und 
res tora tions in bicuspid s and molar s, beca use th e uncon tr olled contra c
tion , o r that not compensated for by expansion of th e investm ent , doe s 
not d ra w it away f rom the pulpal wall s, bu t by the sho rt ening mesio-' , 
dist ally ma kes t he inlay, which is the sha pe of a stap le o r horseshoe, too -. 
sho r t to go ove r th e occlusal su rface, and whe n for ced down p ries out 
th e g ing ival bo rde rs . S uch compound restorations , well ad apted, g ive 
excellent rei nfo rcement to othe rw ise f ra il teeth , a nd a re infinit ely bette r 
than the abo minable moth er-hubbar d gold cro wns so of ten placed on 



them . T he stone mo de l is of pa rti cul ar adva n tage in th is for m of 
res tor a tion becau se its st rength is s ufficient to hold th e pure gold whe n 
cooling ove r it, a nd thereby cau ses it to stretc h mesic-dist ally, pre
ven ts the shor tening . A g reat saving a f too th str uc tu re is secured 
acr oss the occl usa l su rface if th e th read ed iridio-plarinu m bar is u sed in 
th e form of a staple lying over th e pulpa l wa lls . The tray used for such 
a case is show n in Fig. 9a . It has two sept ums; th ey are adj ust ab le in 
their distance apa r t so tha t it can be used for bicuspids or 11101ars of any 
size. It is made of diffe re nt len gths of septum, 3-16 to 7-16 of an inch . 

FIG.// . 

W her e the contact or ap prox ima l surfaces of 
two teeth have to be res tored at once a new d ifficu lty R~slortng 

Jtdjmnl [ost is inv olv ed . The impr ession is tak en in the sa me 
f;ontours. way a nd by a similar tray as fo r sing le app roxima l 

restor ation s. T he new d ifficulty lies ill the fac t tha t 
s ince both contac t poi nts are go ne and are to be restor ed we ca n not take 
from either to ge t the ex tra space fo r mak ing the othe r as we did in the 
ca se of th e sing le approx imal r esto rat ion w he re we polish cd from the 
stone contac t-point of the app rox imati ng tooth to ge t the ex tr a go ld to 
make up for the separation sec ured by the tempor ary fiHing and for 
polishi ng to get a good finish . This ca n be do ne app roximately by frac- · 
tur ing th e 1110del through be tw ee n the teeth an d w ax ing up the con tact
po ints w ith an excess, as show n by art icu lat ing th e fractured surfaces. 
It ca n be do ne very exac t ly by means of a micrometer articulato r, shown 
in F ig . 10. In usc the soft stone model in the imp ression is place d be
tween th e vaseJinecl jaws to se t . W hen sufficien t ly set the model is 



removed and heat ed and broken through between the teeth. T he occlu
sion is secured by the bite in base-plate wax , as described and in the se 
instruments the antagonizing model is attach ed, when' th e sto ne is se tting , 
to a movable a rm whi ch has all the movements of mastication. T he 
micrometer articulator ha s a micr ometer scr ew that moves the jaw s to 
or from each other with a scale on the revolving head reading directly 
in thou sandths of an inch. The position of the jaws is noted whe n the 
separated pieces of the model a re in contact. The mod el is remo ved and 
the cavities waxed up normally with a littl e ex cess of wax on the contac t
points. The two pieces of the model ar e now plac ed in the articulator 
and the micrometer screw turne d until the two are with in, say, eig ht
thousandths of th eir norma l relation. That is an allowan ce of two-th ou
sandths for each surf ace for gold to polish to get a good finish and 
two-th ousan dths for each surface for sepa ra tio n by th e temporar y filling. 
The occlusion is th en adjusted bv pressing the occluding model into the 
wax filling, it being moun ted on the ar ticulator . Wh en these fillings a re 
cast and finished th ey will usuall y go to place with good normal pres 
sure at th e contact-points . T he write r frequently makes severa l adjo ining 
resto ra tions a t onc e with great accuracy by means of thi s instrument. 
N ote that where temporar y fillings are pr essing on both sides of the same 
tooth as where several contact-points a re to be rest or ed at once there 
will be no movement s of that tooth , so in cases of several adj oinin g 
rest orations being made at once f rom one imp ression, only the end 
teeth can move. F ig . II show s several models wh er e seve ra l contact
point s were restored at once . O ne case had six contact-points. This 
can only be done where the re are no undercuts to prevent gett ing accur
at e impressions . 

T he cavit ies involving the disto-occlusal surf ace 

DlslO-Occusal of the third mola rs require a tr ay like a box with 

~aultles III three sides, as show n in F ig . 9b. Th e end of the 
third molars. box acts as the sep tum of other t rays to pr ess th e 

tissue away from the gingival border of the cavi ty . 
The cavities in the incisors and cuspids usually require a compound im
pres sion, there are some, however , that can be taken in a simple d irect 
impression, as illu str ated in F ig . 9d, whic h a lso illustrates the form of 
tr ay used . T he use of the st rengthening bar , as direc ted, will often " ' , 
a llow of a saving of tooth str ucture in th e incisa l s tep where the s train \, 
is very g rea t and th e tooth tissu e ver y limited. 

I t is only when cav ity wall s are pa ra llel to the tooth walls tha t both 
call be repr odu ced in one impr ession. Wh en, how ever , the app roximal 
cavities of cuspids and incisor s are ent er ed fr om the lingu al surface, as 



th ey should almost always be (se e Fig. 12) , and should have good lock
ing form, as described later , th e cavit y walls ar e at nearly right ang les to 
the tooth wall s, and since the impression of the cav ity mu st be made 
in th e direction of its wa lls only the lingual surfaces of the se teeth can 
be pr odu ced with the cavity impression which leaves the labial surfa ce 
and margin of th e cav ity abse nt. This difficulty is ve ry completely ove r
COme in th e following simple ma nne r by a two-section imp ression . A 
tray wi th a ve ry th in sep tum is used, the shape of whi ch is sho wn 111 

F ig. 13<1 , and in position in F ig . 9c, with out th e impression wax on it, 

F IG . 12. F IG. 13. 

and in a cr oss-secti on view with th e wax on it in F igs. I3b and I3d. Th e 
tra y, with imp ression wa x on both sides of the sep tum, is placed in posi
tion fr om th e lingual surf ace and the end of th e sept um passed through 
between th e teeth and whi le being held with the finge r, th e soft wa x 
ad hering to th e pr otruding part of th e se ptu m is all sc raped or push ed 
off, ex posi ng it an d all the labial su rfaces of both teeth and particularly 
the la bial mar g in of th e ca vity, 'sh own in cro ss lines Figs. I3b and I3d . 
The wax is chilled with a stream of cold wat er and the impr ession par
tially' removed fr om the cav ity to in sure tha t all the wax has been rem ov ed 
fr om th e labi al surface on th e sep tum. It is the n pressed to place again '" 
in th e cav ity a nd chilled with a st re am of cold wa ter and a second sm all 
cone of wax, qui te tough at the base and so ft a t the point. pressed ove r th e 
cold, wet septum and th e labi al surfaces of th e teeth and th e impression 
and t ray' proj ecting at the end and chill ed thorou ghly. This is shown in 
cro ss section in black, Fi g s, 13c a nd I3 e. After ch illing , the labial p iece 



is removed, and the n the tray wi th th e lingual and cavity surf aces , and , 
after drying, th e two pieces are pla ced tog ether and fasten ed with a hot 
instrumen t or sticky wax and the model made in th e usual way . After 
cas t ing and removing from the model, the short bevel on th e labi al 
margin is ra ised slig ht ly to permit the inlay to pass into pla ce, and af ter 
the soft light-color ed ceme nt is in place, that margin, with all othe rs , is 
burnish ed down an d finish ed to th e tooth, as direct ed. This operation can 
not be detected fr om a mall eted filling ex cept for the lighter color of the 
tooth from th e cem ent under th e labial wall. The prepa ra t ion of these 
cavities requi res th at the cavit y be cu t, eithe r dovetail fr om the lingu al 
en trance or with a step and lockin g pit or groove on th e lingual surf ace, 
and special precaution should be tak en to bevel well the g ing iva l margin , 
particula rly tow ard the pal atal angle of the proximal sur face (see F ig . 
J za ) . The w rit er beli eves th is to be the strong est filling th at can be pl aced 
in such cavities as well as th e mo st es the tic. Two ap proximat ing ca vities 
can be filled at once as conveni ently as one. 

In all th e cavities cons ide red and also for the 

J;oIJO\V Tnlays. rest or ation of such broken-clown teeth as have on ly 
a pa rt of one wa ll remaini ng, it is often desi ra ble or 

essen tial to make the rest oration hollow. With th e wax pa tte rn thi s is 
accomplished by removing so me of the wa x fr om the cav ity su rface. 
With th is method it is done by painting some fr eshly mix ed soft s tone ove r 
th e surf aces of the stone model tha t are to be mad e hollow. This can 
be done with great ex actness on th e model and no heat need be applied to 
this freshl y app lied stone, s ince th e heat of drying out th e investmen t a nd 
melting out th e wax is sufficient to harden it. In the compound approxi
mal caviti es involving both app rox imal surf aces and th e occlusal of th e 
sa me tooth it is of espec ial adva ntage to place a thin lay er of new stone 
over th e pulpal wall s ex tending quite near to the marg ins whi ch places all 
the pressure du e to the mes io-dis tal contra ction of th e go ld entirely on th e 
margins, th e onl y place it is necessary in an y cav ities . 

Th e very sma ll incisal angles th at are not too 
conspicuous for all gold are very easily and st rong ly ]Jngl¢s 01 

tneiscrs. restored by drilling one sma ll pos t-hole and insert
ing a small thread ed iridic-platinum wire or post 

and taking the impression directly over it. The post comes away, in 
the imp ression and is again transferred to th e mod el as it is mad e. W~x , 
up over th e post and cast and polish. If, howeve r, th er e is consid erable' 
of th e angl e go ne , th e gold will be to o conspicuous and in such cases, 
wheth er the an chorage is by a post or by th e dovetail and step pr epara
tion , as in Fi g. 12, wa x up the an gle wi th a cavi ty in th e labial fa ce and 



cast in go ld or go ld and plat inum . The adva ntag es of making these 
angles on the model are ver y g reat, for th e opera to r has th e adj oining 
teeth in pla ce as well as the one inv olved, and th e normal contour s ca n 
be made very acc ura tely and qui ckly. A fte r cas ting and polishing, there 
a re tw o methods of making a por cela in inlay in th e ex pose d lab ial face. 
Th e simplest way is to bak e a low -fu sin g por celain directly into the cav ity 
in the go ld, or go ld and platinum, whil e th e inlay is still on the model. 
The disadva ntages of thi s method are th at th e contrac tion of the go ld 
and porcela in or go ld and platinum and th e porcelain bein g diff er ent th ere 
is great dang er of the porc elain checking fr om the st ress , th ough it may 
not show for six months aft er. Ano the r disa dvantage is that the yellow 
color of the go ld will show som ewhat throu gh th e porcela in unless it be 
a very dark tooth. If th e tooth should be light it will be pr acti cally an 
impossibi lity to mat ch it in this way. The wri te r has come to setting prac
tically all th ese cases before making the po rce lain inla y for them, and 
polishes away the go ld line next to the ena mel margin, and matches th e 
po rce la in d irec t to it , and bak es it in a platinum im pre ssion, and th en 
cements it int o th e gold inlay. 

A ll-po rce lain ang les for th ese cases have not pr oven to have sufficient 
stre ngth, th ough they look well. All-gold an gl es have the st rengt h, but 
ha ve not a tolerable color. T his co mbinarion gives th e streng th of th e 
all- gold an d th e esthe tic effec t of the all-po rce la in. These are exceed ing ly 
sa tis fac tory restor at ion s. 

A ll-porcelain rest oration s a re easi ly made, either by pla cing over the 
pr epa red cav ity and tooth ve ry thin platinum foil about one ten -th ou 
sa ndth thi ck an d takin g the impression ove r it. 'When th e model is made 
the platinum will cover th e cavit y surf ace as it did th e cavity of the 
tooth. The por celain is bak ed directl y into th e platinum fo il whil e it is on 
the model, and the adva ntages are that th e surro unding surf aces a nd C011

toms a re pr esent to g uide in reproducing a normal contour wh ich is 
ex t remely difficult if the platin um matrix is r emoved alone to bu ild th e 
porcelai n into. A no ther way is to tak e th e impre ssion of th e cavi ty and 
tooth, and after r epr oducing in th e model , burn ish th e thin platinum 
foil to the s tone model an d bak e th e porcelai n in it whil e it is on the model. 

For cas ti ng crown bases a nd bridg es, th e stone 
m odel is ex t remely useful , Fi rs t, in th e cas ting of Crowns and 

Bridg~ Pt~w. ab utments it has th e adv antages th at th e normal con- ' 
tr act ion of root foundati ons and crown bases is 

la reg ly pr event ed, fo r th e go ld cas t whe re it surrounds th e stone is held 
'from cont racting unl ess in too la rge mass, whe n it will crus h the stone . 
This quality is of particula r advantage in casting go ld partial or full 
plat es wh er e th er e is mu ch total erro r f rom con traction becau se of the 

\ 
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dim ensions if cast onto a yielding mass . Bridges should be attached to 
inlays instead of crowns wherever possible, and for thi s purpose the 
use of heavy iridio-pl atinum posts and bars inserted into the to oth and 
a cas t ma de over them, if of pure go ld, mak es a foundation th at can be 
burni shed to the tooth , making a better joint than a hard alloy of gold can, 
an d with equal strength . In as sembling, the sec tion ca rried is solde red 
to the bar and surface of the inlay. Bec ause of th e impossibility to 
entirely control the contraction of the go ld it is best to cast 'the founda
tions and section to be carried sepa ra te ly, and then asse mble. 

When casting over porcelain bridg e tee th, if you will pla ce a piece of 
irid ic-platinum bar tightly betw een the pins before casting, it will be 
almos t imp ossible to break the porcelain, provid ed it is well heate d and 
th e porcelain sur fac e is flat and not conve x . In orthodontia the stone is 
used to cast ap pliances upon. The waxing is done with a small paint 
bru sh and the wa x is. heated hot in a d ish and painted to place with great 
simplici ty an d ease. In taking the impression it is ve ry desirable to ha ve 
appliances a trifl e larger than the too th . T his is accomplished by pla cing 
over the impression, after it has been removed and partially cooled , a 
piece of rubberdam and then repla ced over the teeth and pressed tightly 
to the teeth . T his enlarg es every surfac e the thickness of the rubber. 

There a re man y other uses for the stone , such as making occlud ing 
mo dels for setting np teeth , in which case the CllSPS of the teeth ar e so 
st rong as to allow of pre ssing the por celain into positi on whi ch can not be 
do ne with plast er- occluding models. It is also vc;' ry useful for record 
mod els whe re its hardness is a g reat advantage . Fi g. 14 shows the trays 
used for tak ing impression s of cav ities; numbers ]-4, incl usive, ar e for 
taki ng proxim al cav it ies, and differ only in the length of the septums, 
viz.. fr om 3-J6 to 4-16, :;-16 and 7-16 ; 5 to 8, inclu sive, ar e for taking 
compo und approximal cav ities and cro wn bases, and diffe r also only in the 
length of the septums. They are adj ust able. N umb er s 9 and 10 are for the 
two-section impression s of th e ante rior teeth ; I I , the sho rt box for occlu
sa l involving buccal or palatal or simple occlusal ; 1 2 , a long box for 
seve ral teeth togetb er, not involving under cuts ; 13, the d isto- occlusal 
cav ities of the third molar s and similar cavit ies ; 14 and IS the anter io r 
teeth f ro m the incisal edge. 

T he trays go by the number s h ere gi ven and must be mad e of very 
st rong mat eri al, othe rw ise they will spr ing and distort the impress ion, 
making fa ilure certa in. 



D1s~us~lon on Dr. Prlce's Paper. 

Dr. P rice has fini shed his lect ure . While it was 
PNsld~nt Uan Woert. announced to me th is afte rnoon that the ge ntle man 

whom I desi re to call lipan, does not wish to spea k 
thi s evening, due to ph ysical disability, I think eve ry member present 
will feel as I ci a , that ther e is no one bet te r qualified , a nd no one we 
would be mor e g lad to hear fr om . th an our estee med fri end , Dr. J. Le on 
Wi lliams, of Lo ndo n, England. 

Mr. Pre sident and Gentleme n: I have but very 
Dr. j. I:~on Williams, few wo rds to sayan thi s paper, and th ose few word s 
of I:onl1on. €nglanl1. are enti re ly comme ndato ry in cha rac te r. I th ink one 

of the g reates t pleasures in lif e- certainly ill our 
professional life-is to meet a man who is master of the sit ua tio n . I do 
not know of any g reater pl easure in life than that. I t implies eve ry thing 
that is involved in wh at we ca ll evo lution- the conques t of mind ove r 
maUer-it is all figu red in th e mind of the man who is ma ster of th e 
sitnation . 

I at tended the clinic th is a fte rnoon and wa tche d D r. Price. I hear d 
a g rea t man y qu estion s asked-some of them ve ry sha rp and cleve r- t ha t 
involved the conside ra tio n of prin ciples a good deal ou tsid e of th e prac 
tical line of work that he was demonstra ting , all of a scie ntific nature, 
and it delighted me to see how thorou gh his investi gat ion had been ou t
side of the prac tica l pa rt of the wo rk ; how it res ted on the most thor ough 
and com plete scientific inve stigation in to all the s ide issues invo lved. 
and ever y answe r to those qu estion s demonst rated tha t he was ma ster 
of the si tuat ion. I have made a g rea t man y experiments in inlay work . 
I am the fortunate, or unfortunate, possessor of th ree cas ting machines. 
I have not the T aggart , becau se I could not ge t it. I tried for a long t ime 
to ge t it , and I saw others we re going on with inla y wo rk, and I "vas 
fa lling beh ind , an d I boug h t the first in lay machine I could ge t. H ow
eve r . the results were not sa tisfac tory. T hen I bough t a noth er , and 
anothe r . My chief diffic ulties arose lar gely in deep appr ox imal cav ities, 
whe re they ex tended below the g ing ival margin. I was not able to control 
the shrinkage so as to ge t a jo in t at all satisfacto ry to me. 

A nother difficulLy was th e one to which the doctor referr ed
of gett ing the inla y placed after it was finished ; bu t the one that chag rined 
me most was the lack of a goo d margin at the cerv ical border. By acci
dent one day my wax model had a flange, and I saw th at that covered the 
jo int. and I sa id, "Why not do it in that way ?" S ince then I have made 
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a point of doing it, an d f rom th at adopted the method mentioned by Dr. 
P rice to the extent of using beveled margin s. While Dr. Van Woert 
says he g ets perfect contac t there with a butt joint , I can not do it, and 
I am going soo n to spe nd the da y with Dr. V an Woert, and I hop e to get 
some good points fro m him . 

By having the flange slightly overlapping the bulk of the cav ity, I 
have been able to get better results . I said to Dr. Price-and thi s will 
illustrat e my appreciation of thi s lecture and of wh at I saw thi s after
noon-that I was not altogether sa tisfied with what I saw to-d ay, and J 
did not th ink I sho uld be sa tisfied unl ess I could mak e an a rrangement to 
go to Cleveland and spend seve ra l days with him ; and he ha s very kindly 
giv en me an invita tion to do that. I can ex press my confidence that thi s 
is an advance on anything I have ever seen before-a most complete and 
scient ific method for go ld inla y work. 

We have one of a m ow n memb ers with us 
Pruldtnt Uan wom, whose nam e is well kn own to you in connection with 

thi s wo rk, a nd you will all be gla d 10 hear what Dr. 
O tto leng ui has to sa y. 

You all kn ow I hav e been a lifelong fri end of 
Dr.Ottolengul. Dr. Van W oert, and of Dr . Rhe in, and neith er one 

has been abl e to convince me that there is an y adv an
tage in the model meth od of making gold inlays. D r. P rice comes near er 
to convincing me of it than anybody, and that brings me to the crux of 
thi s whole situation. I am not att rac ted by th e advantage of having a 
tooth in my han d to fill it, because I hav e been filling teeth in the mouth 
for a good many years, and I can manage them in the mouth. I can do 
exactly wh at Dr. Price says I can not do. I can mak e a wax inlay for a 
cavity and remove it with less dist ortion than I have been able to remove 
an y impression of that ca vity whi ch is used afterward for making a 
mod el of that cavity . T hose fa cts are the same in connection with this 
method as an y other ; but the attractive feature in th is me thod is not in 
the fa ct that thi s stone mod el may be used to form a wax model of an inla y, 
but that it may be used to cast the inlay into. I do not think anyone ha s 
spent as mu ch tim e studying the contraction of the materials to be used 
in thi s wa y as D r. P rice ha s, and he admits the impossibility of absolutely 
controlling these contra ction s ; but, as he truly says, wh at does it matter , 
so long as you can pre ser ve the cavity surf ace of your inlay, and mak e' 
it accurate ? If you can chang e the locat ion of the shrinkage of the g old , 
50 that it will affect the surface that you are going to alter an ywa y w ith 
your polishin g process, it is a matter of no consequence, becaus e the 
I-IOOO which represent s the shrinkage is of no moment, if it can be made 
to occ upy some othe r portion of th e inlay, rather than that portion whi ch 



goes int o contact with the cavity. Tha t, of cou rse, is exclusive of mar
gi ns. If yo u have contraction eno ug h to make it impossible to hav e 
perfec t mar gin s, that ruin s the inla y. I rememb er when Dr. Tagga r t 
gave his demonstration in J amestown , a gentl eman arose and said ," The 
day of a rt in den tistry is about to vani sh ; filling s are now to be made by 
machine." It see ms to me the day of ar tistic denti stry has ju st dawned. 

I under st and that at a recent meetin g of the 
President Uan Woert. New Yo rk In stitute of St omatology , Dr. Gillette, of 

New Yo rk, showed some ve ry beautiful specimens 
of cas t-go ld work, and read a pap er upon the subjec t. I think he can 
ad d something to th e discuss ion of the evening . 

I can say but littl e, particularly at this late hour. 
Dr. Wll1Iam 6iIlett. I am ver y gl ad ind eed to exp ress to Dr. P r ice my 

new Yorlc. appr eciati on of the imm ense amount of ha rd work 
he has done. Kn owing a little of his capaci ty for 

hard work-reachin g back to the days of catap hores is-I can und er stand 
something of what he has been do ing, an d of the way he goes at his 
wo rk. I have been very mu ch interested from the beginn ing in Dr. 
Price's work. I want to say to him I am heartily in accord with him in 
handling inlay wor k by th e impr ession or model meth od. . I ge t a g reat 
deal more sa tis fac tion mys elf by pr ocesses of that kind th an I do by the 
direct meth od, so far as I have tried it ; but I am quite ready to admit 
that the direct method has its advantages, and I am inclined to thin k 
ma ny of the diffe rences that men find betw een the tw o methods are differ 
ences of personal equa tion- that if the 'same man will make the same 
am ount of effort and take th e same pains with one as with the other, he 
would do as well. F or instance, if Dr. P rice wo uld work as diligently 
on the direct method as with th e impr ession method, he wo uld obta in 
<orn e very sat isfac tory results. 

I want to plead for that same perfection of ideal in the inla y wo rk 
that he has spoke n of . It is easy enough to obtain in inlay work that 
same high per fection we fou gh t so hard for in our foil fillings, and it 
is so mu ch easie r for the pa tient to have us do it in that way . For 
heaven 's sake, gentleme n, let us do that kin d of inlay wo rk, and not 
"s loppy" wo rk . 

Dr. P rice , can you really reproduce the cav ity r- . 

Dr. OttolfltBul. I s the cav ity in yo ur mod el ide ntica l with the cav ity 
in the tooth? 

Ver y close ly, but not absolutely. It is impos


Dr. Prl.t. sible to repr oduce anything identi cally or absolutely.
 
A standard ma y not mean the sa me' tilin g to two men .
 



W e can reproduce a cavi ty within the thousandth of an inch. I would 
not consider th e tho usandt h of an 'inch' accurate. Wh en I am working 
with an inst rument at hom e that I can adj ust to measure to with in a hun 
dr ed-th ousandth of an inch, a thousandth of an inch seems lar ge; bu t we 
can ign ore a t housan dth of an inch in our work if we burnish th e mar
gin as dir ected. 

In heating thi s compound in which the wax irn-
Dr. 6aylora. press ion still remain s yo u burn out the wax. I s tha t 

heat sufficient to harden you r sto ne? 

Yes; but if yo u want to make a very hard model, 
Dr. Prlce. heat it dull red, wh ich I ge nerally do . If not, there 

is some wa x and ca rbon st ill in th e mold whi ch 
make it black. 

Dr. ]. [~on IllIams. H ave you exper imented very mu ch wi th wax? 
Yes , I have. This is not perfect, .but it is the 

Dr. Prlce. best I kn ow of. I have measured its elastic and 
, resistant qualities, and it is the strong est impr ession 

mat erial r :~now of tha t will burn off th e sto ne and give us a good im
press ion .and not injure th e stone. 

I am go ing to repea t a statement that I know you will not all agree 
with, I am sure of it, becau se one man told me so, To mak e a cav ity 
of the bes t form for inla y work, int o which we ar e go ing to p ut a cast 
filling, ever,y mar gi n should be beveled or ro unded so we have a chise l
shaped edge to burnish at eve ry point, and not a squa re butt joint. I fear 
the man is not born-unless it be yo ur worthy p res ident-who can make, 
fo r example, a gold filling to fit flat and flush th e neck of this wide
mouthed bott le, and have it only fIush wi th the sur face, and close that 
joint at every point, without ca r rying the gold by some mean s as spinning 
to the wa ll, which wi ll leave a furrow on the flat surface. H e conld spin 
pure gold the re, but he wo uld leave a littl e trough . 

Dr. Ouolengul. D o yo u mean in the bottl e or outside? 

I mean like cutting a cork off squ ar e, close to 
9r. Prict. the bottle' s mouth . r can not conceive how r could 

have misunderstood yo ur p reside nt fr om the plain 
langu ag e be used, but r feel sure I must have misunder stood him. 

I am sorry, but as president of thi s society , I
Pmlatnt Un Won,t. can not answer your rem arks in detail, 

The pr esident of Our society is not suppose d to 
Dr. Ottolengul. take part in our proceedings. St ill, as he has taught 

all of Brooklyn to make "butt" jo ints, I wish you 
would ma ke him answe r th at po int. 



I might say it is beyon d my prerogative to 
Pr¢5idtnl Uan Wom. an swer a qu estion of that kind, because it would 

take more tim e than I would be allowed, and that 
wou ld not be fa ir to th e g ues t of tbe even ing, but when th ere is time , I 
can answer the question. (L aughter.] 

I can conceive of one o r two points being in 
Dr. Pnce. contact and hen ce a tight butt joint at tho se points, 

but to hope that all ar ound a filling we can have 
absolutely perf ect butt joints. cont radicts the contrac tion of gold and 
a vailabl e means for correctin g it, unless you have an investing material 
that will expa nd mu ch mor e than any I have been abl e to find . 

You talk as th ough necessarily all inlays ar e 
Dr. OUOr~n9ui . bound to be a little too sma ll. I have had many so 

large I could not us e them. How does that occur? 
That is not an unrea sonable questi on or st range 

Dr. Prit¢. cond ition. It happ ens in daily practic e, if you use 
a ve ry soft inv estin g materi al. You ha ve pr obabl y 

had a pressure distortion, not a uniform expansion. In certain invest
ment s you will get it appa rently larger every tim e ; if you have nearly 
par all el wall s it will take but an extremely slight distortion of any inlay 
surf ace to prevent it seating, which is the pr incipal cause of an open 
joint at the gingival margin when using' a butt joint prepa ra tion at that 
point. 

It is not a que stion of chance, it occurs very 

Dr. Oltol~llgul. mu ch too often. Our pre sident has had that experi
ence. too, becau se he has invented a way of etching 

such inla ys so that they ma y be reduced sufficientl y to lise. [Laughte r.] 
You may have found an invest ing mat erial such 

Dr. Prieto as I have never found, if it expands that mu ch. 
I certainly wa nt to test it, but I am alm ost certain 

your enla rgem ent was due to distortion, a yielding of the investment. 
Dr. Ottol~nl1ul. I will send it to you. It is of no use to me. 

The chances ar e yo u hav e an error there that 

Dr. Price. you are not taking int o account. I have tested very 
accur at ely and have not found any investing mate

rial that expands on heating even half the amount of the contrac tion of 
the gold, as yo u will see by the tabl es in Fi g. 3. . 

Can yo u not bake por celain dir ectly int o the. 
Dr. OttoItngul. gol d inlay ? 

Yes; but ther e are two se rious difficulti es. Some

Dr. Prier. tim es, owin g to the contrac tion of gold being g rea ter 
than porce lain: th e cont rac tion o f the por celain being 



from 8 -1000 to 12-00 0 , an d the go ld 20-1000, the go ld will crus h the porce
lain . Je weler 's por celain can be baked int o gold, and th e shrinkage is so 
great as to he near tha t of the go ld, conse quently it will not cr aze o r check. 
Another d ifficulty is that if we have th e yellow of th e gold showing 
through the po rce lain. In a bluish-white tooth, it is almost impo ssible to 
match shades . If it is a dark yellow tooth, we can bake the por celain 
directly int o the go ld so far. as the color is concerned. The low-fusing 
por celains ha ve g reates t contracti on and , conseque nt ly, are less liable to 
be checked. 

Dr. ebayu. W hat body do yo u use? 
J enkin s' , o r Ash 's, o r Brewster 's go ld matrix 

Dr. Prlet. por cela in-any low-fusin g porcelain . 
I want to say a word on the SUbject of f using 

po rce lain into a go ld inlay. As soon as D r. T aggart Dr. Ofloltngui, 
method for . ex po unded thi s doctrin e, thi s idea occurred to me as 

fusing Porcelain In a possible, ve ry att ract ive cosmetic oppo rt unity, 
60ld Tnlays. being able to ge t the st reng th of a go ld inla y com

bin ed with the appe ara nce of a por celain inlay ; 
but when it is a ttempte d in practice, th e diff erence in the expa nsion of 
the tw o is so differ ent that one is liabl e to crac k the porcel ain. In the 
go ld ma tr ix the contrac tion of t he go ld is so weak that it is resisted 
by the porcelain ; but where yo u have a larg e mass of go ld, as in an inla y, 
checking is apt to occ ur. I ha d some tim e since an inlay which was to 
occupy th e maj or pa rt of all uppe r molar, the mesio-bu ccal angle of which 
would be ex pose d when th e pati ent lau gh ed, and I was anx ious to have 
the mesio-buc cal surfaces of porc elain, and th e mor sal surface of go ld. 
I found difficulty in fu sin g porcel ain into the inlay. W e made several 
attempt s, and we wo uld find the porc elain checked. '/ll e threw th e inl ay 
int o hydrofluoric acid , removed all the porcelain a nd sta rted over 
again. Whilst ther e is a di fferen ce between th e coefficients of contrac
tion in go ld and po rcelain whi ch ena bles th e go ld to "pinch," and thu s 
check the po rce la in , porcelain ha s an oth er cha racte ris tic of which advan 
tage ma y be tak en; that is, elasti city. To take adva ntage of this, fu se the 
po rcela in in layers, and as each is fu sed cut ant the current and allow th e 
piece to cool down completely within the [urna ce. This requir es a long 
time, but when doing a beautiful piece it is well to take the time. L et 
t he furnace get comp letely cold. T he contrac tion of the go ld is so slow, 
and the layer of th e po rcelain so thin , that th er e will be s ufficient elasticity 
in th e por celain to yield und er the stress of the cont rac t ing go ld, and not 
check. By fu sin g my lar ge porcelain -gold inlay in th is way in three or 
four bakings w e obta ined an abso lutely pe rfect p iece in whi ch I could 
not find any check und er a magn ifica tion of about thi r ty power s, nor has 



an y check developed up to thi s tim e ove r a year lat er. I have made 
several since then with th e same result. 

In casting on to bridge facing s 'your porcelains 
Dr. Pritt. are often br oken because the go ld has a g rea ter con

traction on cool ing than your porcelain, and, as 
yo ur g old contrac ts over th e pins, it d raw s th em closer togeth er an d 
crush es the porcelain betw een th em . 1£ you will put between the pins a 
block of metal th at has the sam e ex pansio n and contrac tion as th e por
cela in, viz., platinum or iridic-plat inum , th e gold will hav e to stretch, 
an d th e pins can not be drawn togeth er, and the ~orce1ai n fa cing wil! not 
be brok en. 

Dr. Babcock. W here ca n we obt ain this material ? 
I hope I will not have much mor e troubl e in 

Dr. Prlce. trying to arrange so th at yo u can easi ly ge t th e ma
teri als, for practi cal!y no eff ort is being mad e to 

place it within your reach . It has cost me a g rea t deal in both money 
and time, ex tend ing over seve ra l year s, to exper iment and perfect thi s 
mat eri al. A t one tim e I used a ph ys ical ch emist's en tir e tim e fo r six 
months to ass ist me. It has also bee n some tr oub le to get some one to 
manufacture it, for I , myself , will not en ter the manufactming business . 
The big manufa cturers do not seem to be an x ious to bother with it , not 
kn owing wh eth er th ere wo uld be a larg e demand for it. If you will ur ge 
t hem to make it th ey will. I hav e had l11y brothe r, of the A . M. Price 
E lect r ic Co., mak e this for us, but he is doing ex clusive ly pyr om eter 
work fo r g lass and potter y fa cto ries, and has not facilit ies fo r making it. 
He is making a lit tle as an accommo da tion . I wish th e cement manu
fa cturer s would take it up , whi ch th ey could most eas ily do, as it is 
eli rectl y in their line. 

Ther e a re only two or three other points that I will take tim e to 
emphas ize in closing th e discus sion. An imp ort ant detail of finishing th e 
fillings is this : After p ut ting the filling in th e tooth be sure to fini sh it 
while the cement is soft . H old the inlay in place with a strong curved 
instrument and spin th e margin toward th e tooth by running toward the 
margin. The joint will be perfectl y closed in that way, p rov ided the 
ceme nt is soft and ve ry slow sett ing . F ollow th at with a fine cu tt lefish 
disc, and then with a polished burnisher. The gingival marg ins will be 
don e with hand files, go ld finish er s, hurnishers and s tr ips . 

In regard to the cast ing machines that you may use , I ha ve only to 
plead for some machine th at is better than anything the p ublic ha s had 
off ered to it yet. With all due defer en ce to D r. T aggart's ma chin e, and 
the vacuum mach ines, they do not pr ovide us th e ran ge, and the flexibi lity, 
an d the cont rol we req uire for best results. In my office I keep tr yin g to-, 
experiment, and I can hardly g et my good assis tant her e to leav e that '. 
electric cent rifuga l mach ine and mak e an inlay with a ny thing else, even 
for experiment ation. I believe th e centrif ugal princ iple is th e best , bu t 
it mu st be capable of a high velocity whe n desir ed, and be able to carry 
large cast ing rings or cup s, A hand machine using gear s is, in my 
judgment, the best. With thi s ins tru me nt that I used to-d ay the gold 



is melt ed in an elect r ic mu ffl er and the tempe ratu re is show n by a 
pyrome ter. 

If you will ask the manufacturer for something of greate r range of 
press ure, and yet simple and positive, I thi nk you can ge l it. 

I appreciate more tha n I can lell you r kind recept ion and yo ur 
pa tience. I th ank yo u. 

A very hearty vo te of thank s was tendered to th e essay ist, which was 
accompan ied by long app lause. 

A djourn ment. 

, 
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