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il' \ A' l1t\l~ w:\. \U\t1"rt~k~\\ to (l~t-Ab1t,h whathGl:' .ol~ctod 
'. '. /" . 

t~h.'\r.'\~h'H"httt~1t of ~tt df (',,~~inRj Jtfrêf'~d dêl>"mdtna on wl~~thtH' 
...... ,.'! .... 

aith~t' " pblY'-\lll)lltd~ \'\lbb~r \lt' A th~f1'nOplA'ttc lm\n.~~ion ~O\\1.·C. 
tf 

\tA. "li!0d. S,httM\\ fuU c\'~)wn pHl'At'Atton, 1\\ lll.wa\\ p&ti~\\tl ;w.l!N . , 

:\l8éd to Y',,~t"te~ i1lltH'~~"t~\8 -\)~lna th. t1'llP~ •• i.on matQd .• la' 80qU-
, , 
, . 

~l\th tlY.r'~Ach pl"'O{)AI'Ation ,thliH."~fof'Q t~rnbhi\\a .~'mAtchQd p"ir". 
, :":. 1 • 

of diOI,r 'IWo raiulunt cuttngl1 Wl"Q lS~q\l~nti811y "cam.nted" Ott 
" \.. C 

thê IitAltÎG tooth ln vivo \ld"a A rCh~OV~TAbb èlA.tomGr matQri"l in 
(' ,- , 

plAce;' of a ed\\~}\tio~d ph~)"phAt~ CGtnOnt. l'hG thlckn ••• o~, th. 
/, . . 

~Q~?v~r~d alAjto~ar mÂtGrtAl W~3 maA~~r~d dirQctly ~è~ A~ oP~tCll ~ 

aUNomi.cro*cop. ~. v~ll a. lndirQctly ~y a photiodcn'l8ity toclmlq\lih 
,(, -' " . - . 
ft ta A8:mmad ln. thill .• ~udy that tb. SpACGi batthGn eutin; and pnp-

,: .\f'4t f,ôn) OCC\ll')l«i by tho alAîttomar 1II1\i:~rhl. r~l')rèlh~\'\tl the comant' 
~ . 

f • 
tM.clm~sl I\\\d hone. th. lack <If' Ut had tha ca.tins bètm pèrm~nontly 

/ \ 
1 (.0 • p. 

, 
t ~. 

ln llpl~ê 9C • v('\\::y Hmtt~d ~~nq,l.o l'lbe. thG fnqu(n~t 

()b$(lrVAHon of • th1.t\l'\ar l\\ta thick\\~ss S\\S8ê8tod A bèttol" cast!nl 

fit whan polYlulphido \"ubbn,r h3d bello.n ,tha itnpr@8don 8ourCe!. This 
• '1 

di rf~\"eonC'(\ of rit l:'Q3ch~d -& s~.t\thti~A\ 1.y slanificant t~Vèl :\ro\lnc.t 
'" 1 

tlh) "MOn \)cël usd Aspecta of tha prop~r .. tion.; 
) ,r , l 

Othar ~ohwant find:Lngs hint ad that thca aVQra.go lack of 

fit a~ th~bucJai ~r~in 'of Q.~tlnaa O~Q.~.d that, reeordad at th~ 
'- , .... 

li.l\suai. ~ht. V&~ furthèr rofl~etQc! ~n a tendone, for c •• tin.a to 

SCAt obUquel, in th. l1nauÂ1 ,diracUon. Som. tont~tive hypothesa.' 
J • 

h~w~ boon da'ojQlop'~d to puttAlly oxplain thé •• , obauvatlona. A\\d •• 
~ ~ , 

woll, sOYna $u.gle$U\)\\~ {or further ~~soArcb have b~Qn' Pl'oP?sGd. 

• 1 

. ' 

J.. '1 ;-:7./ l 

-) 
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d' A\'~pt.\tton dOl cou1.4êl vadont lolon l'udllution d''1n ""lt,riau d'è1'l\pHil\t •• n 

, 
't6 \"lù,6. ch~a ilia})t ~tiènta l'four ènrè~illtrer lOI Oll\PHil,t .. , on ••• onant 'lucce •• ivo-

, ' 1 
i 

"".nt do. mAt6ri.\ux d'~mpr.int.J chaque pr~~retian tourni"lit donc ~un. paire 
1 \, 

jUl'M! 11e" ~,~ l'IIodM,~ dt p:t.orre. . 'Enluite, l •• doux co\\1601 d,ni! obtonuoi ont 't' 
, 

ctmont'. i!iUCCê~'\Vémont lur la m'l'II' dont on vivo au 'ft\Oyo~ d'un mat'rl.l. 'la.t~re 

J. 

L"pai ••• ur du mat'riel. 
: , 

'l-uh)l'll~rê .r~cup5r.bl.a ,a fU ,!IIa8urfé. di~ctemênt 80UI. un IthfOll\lcl'Oecopt optiqu. 
J , 

, 1 rt 

at i I\di~ct~l'IIo"t '1rl\~ê l'un. toehniquo dè ,photodonlimftde. Danl '<:otte 4tudê, ~ 

IUppotlO <lU" l 'CUI})3C. qui axiatll tmtre la coul.4. et la pflparation, occ~.\ pal' 1.' , 

mAdriftl '"utt}~", l"Qp~'Qnt. l'4pah •• ur du ciment d'o~ lo manque d'adap,tation ai .' 

la oo\\lfo ~vlit ft' ciment'. de'~.~on pG~n.nt.. 1 

Malgrf l'4chantl1lonn_90 t~. r'4uit. 

~Oil\' ~\~i •• u9g~re un adaPta~~~nlplu. pracia 
\ 
\ 

• 

d. la coul'. lor.qUo 10 eaoutchouc 
,,>' . 

Ou_ point do ""'. It..'tist,iqu •• c.tte 

difUrcmca ~'ad&Ptation ~rX'Gnd de. proportion. impol:'tanto. \lOnq\l'i~ l'~git d •• 

3.~Ct. occluftifa da. prfparatlorta. 
1 

D'3utrea d4coUVGrt •• , Cft lujet laia •• nt entendre que 1. dfficionco ~yenn. 
, 

do l' adapt~ tion au pou l'tour buc~a 1. dft. co\i'>l 'oa ",pIl... co U. .nH9 ta tdo au 

po~l'tour U.ngual~ \ COtt~ -t."da.nco •• refl~t. ~9alom.nt dan. la pror;-naion qU'ont 

l •• cÔu16 •• l a. fixer obliqu.m.n~.n direction l1n9U&l~. 
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ACRn~wlQda~~~ntl, 

/ 
hi. ~nthu_tA.tic dtr~ction of thâ pYoj~ct; and ~o nI'. John Stamm for hi. 

CAY9!"! -1\8i!rbtAnC:Q in th~ prQPAt'-Ati~)n of tho bbo1:l\tory mAtod.l And dAta 

li ~\ 

) 
/ 

l :\11\ l)lC'UN\ f<.n:: the- Opp~')1"tuntt)l to th~nk tho ,lI\Any McGUl dinicd 

~l(!\11\~)l\{Oitr"'t()r$ who cl'mtr1but~d cllnicAl cdtic'hm to the AAlh'R~11lCmt Ane! 

. l' \ 
1t ta li\)' pl~Aaut'a to crodit Mt'. NOl"mAl\ ,ron~1 Hlt' h la e"l'a!ul hA'lli li ng 

dcll1'lt_l uchn!cAl ~ork. . It h al~O' 1I\Y pl~l\sut'e to th3l.'1R Imy paUcHlta 
i 

of tha 

who \t~'mt~ib\\t~d no littl. t111\0 to 11\AkiltS this Iiltudy possible. 

l w:li;h to aeknowhdA" tl\o QUt'boc Mc",lUNl ROIi(,)~n'ch -Cl")uncU for 

.' tho hl'lowsM.p i~'Y~n to I\sR1li1t 1'IlY worR in the ..McGtll nantAl~asMrch 

FAcil:lUaSl. , 
G \ 

Th~n UnAUy my thAnks 8008 out for tho diligont ta!l by li",l.n 
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Th. in~bl1tty to p~C1Sft1y pr~dlQt And q"Antltatl~ly 
. \; \ .'. ' ",. 

~~s~sa the cvontull fit of A c~~ontod cAat'~otd ~ro~ ln aitu bèfo~ 

tt. ac~.l i~rovo~ibl. cemontAtion hA~ tort ~ soriou. g.p tn the 

','\mdu$tand1na .n~1 pNano.t,~e~ti~n of c.H\\!'e-:l suce~$ •• .(l· 
j .. j ...J 

Clinically, tbo u~ull ~roc~dur. ba. b~on t~ ~~a.~s th. 
, 

fit of ... el.~own ~ua,i1\ l'dot' to ~omant&ti<m. 'wh~lraal thi~ h not' the 

functtontna unit, an4 tt ta AS yet \rnd~t\\-r11ltnod heN t'ho pt'Operttos ' 

of ,;th a fit 'balol:'a cOmontatton T"ht. to tho $lituation .ftu CMlont 

has boon intt'Oducod. ,1 
. , 

,Many atu<Uoa c:ondu,ctod in-vi tt'o hAva As~ossod tho 'indiv-

idu.l component accurlcioa of tho m*t~riAla And tochniquâs pOl' so. , 1. ; l' 

J Rowovot'. thora have on1y boon a fc.w in~vitl~ studiaa on tha ovar-
.. . /.' 

~ll ChAY'Ac:torist'lca of ~lt of, c.sti,nQs when
j 

c,ift(mtad~ F\ls.~Ama et Al; 

1963; Bassott. 19~6; Christens~n) 19661 NcCuna, Phillipa, SWaxtt, 

And Mumford.1è1971; «nd J'0""8, Dyk,é.'>ma., .nd ~lcdn, 1971" Fcwet still 

havo b~on riTformo in-vivo: Yoshida,19S9l Nu~.taJ 1~67~ and 
" 'i/ 

MeLuft and Pr.unhofu, 97'1 / 

1$ beins routlnoly Achieved elinicAlly, It be~o~es dlffleul~~O 

dofina the idell tequtroment$ of .. (:astina by the &vaUable teehnology. 

" 
applteatlort to • lona1tu~in.l study, It vill be dlffieult~~ dete~in. 

• 

" 

l' 

\ 

'. 

,1 

7 



•• 
1 \ 

\ 
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wh ... t d08r~ of fit ta bto1.9at'cally e01'l\~ttblo. fons(>qu~"tlY. to da~t 

thi'l"Q hl\S boon: c:onflictfna h\{\)l..~tton owina ta a' ftocha"h~al ï~~h~t' .b-
tllan btclosteal biu to th. stu~ of mar$i1\:ih P'-'r (lxamph. m\\eh h •• 

bOclln st.at\Ml 1.)n the ,i",t\)a1 placOftl\\1\t of _t'llna with?ut ~ny .~t'\Al 
-' . 

~orrQt.tlon to th. fit of th ••• ~at'ii\\., iO~s~qU~1\tly. tl\ts has l~(t 
l " 
biol(\Qi~al .eo1npatibUity and an e.tiJQtion for proat\oda opén to· 

IClinieal ,-,pinton w1\t<:1\ Ch\"ist~nsan,(1~66)~ d~monstJat.d ta bo h~hlY 
:1IUbj~CtiV(h, • 

/ . 
t'ho CUudnt study WAS d~siBn~ ta invtatiaate and COlflPAH 

qUAntitAtivoly th. clla;actor!stics ?f fit w"-~nl c~~nt~~ of \~nv~mtèd 
type. lIt SOld castings fol' ante~t~r tooth full covo~~ pl"oparattons, 

obtainod from two COnmk)n ~t'osslon t.chn~u.s in-vivo. 

À Diotrich's ~h.rmoplastic co~ou\\d improssion sou~o.hold 
/ l / - . 

t" a~ unannoalod copp\'l!r band, ~a$ Cl'mlpal"&d to that of !' poly~lillphid. 

rubber irnpl"èsslon sout'c. (cat~lytic sot») held in a custam tray,as a 

pail' for •• eh of $1xte~n tooth pl"aparations, 
\ 

An elastomer of similar flov and fil~ properties Yaa 
1 . 

1 \ 

s\lbstituted fol' phosphata ~t\IIIt.U\t aa the cetrltU\tina ftedlU1l, fo~ the 
, . , 

c~stlnaal (table t). This ce1!Ient /lute repliea ltas rccoverAblo wUhout 

, \ 

________ ---Tn~~.rinbles ln the la~o~.tory phase oflcAstina construction ------ ,~ _________ l, 

vere contt'Olled _s a constant for each rnemb~r of oach pair of ~mpra~ton 

sout'~es by ushcrina the 'pàir thr~uah ~ split of the sa~ mi~ of' di. 
~, , 

stone, and waxin~h spruina 'and then 1nvestina thelll as a pail" tofêther 
,\ ' . \' .' /. 

/ < • i 1 

The camparison and analysts wet'e made by mi~rOsèctioning 
o P, 

and,lIlicromeasurement of the ~~b~dd,d c~ent lute replieas as mutual 
\, ! 1 • '~ 

~) 

\ 

/ 

\ 

f 

s, 
t, 
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1 pAt .... ~ il, t"~ b\\~~Q-Hl'I~\\~f l'l~,,~, Thh ~.a$ ~~mpl~~\'\tèd b~ " l'l'lOf 

\.wèr~ll ~~~AY ot thé r~~oVèt'èd 11I(\lhbl"A\~è~ in tl,wèé diYfl~~do\\. by 

. 
AJdttio"d ~O\'\.~èpU ~l"èt·m\dèr .. ltwè·stta"t:io'H 

) 

, . 

1t WA~ qUèStiO\'\éd. Wl\èthèl' t'hê.ïè would bè a\l.Y 8~\\tft~A.\\t 

diffèr~1\CéJ bèlWéèn '~hè il'llprê.~do\\ lSO\lr~èS whleb ~\tld pu~tst te thé 

fh,a~ CtlYflèt,téd fit of théit' CoIlst!UgS, d~spttê chan.a.s occun'blg dur-
\ 

il\a thé lftbo.ratory pl.'OCèèd\.\l."èS, al'ld thé èffàcU of thé pAt'tl~lé cômP-
t _ ,l '(1 a 

O\\\"l'It A\'\d hyd\'OdY\\l\YfliC mâl'\ipubtio\\ of Cê1f\è\\t flowing wltMn. l\ $~m:L-

ru$ay~A èt ~1,(1963) dèmO\\stt'atè~ that a\\ o~èrA.~l p~8Ii~è \ 
1 _ 

, --ttmA.te SPA(!O ts needèd for Céll\ènt in thé ONét' of 3<l,- tô ollllowoptimum 

s.:-U,lng of 1 castings, It ~aa thua post\lltltèd for thé ~CUrrè\\t ,7 ,tud}' \ that 

thé ~Pèctèd \)OO,rèr adaptation of tbé Dietrich '$ i'tf\p'teldon compound 

1I\18ht produCè a s'l1ghtly oVènhèd d'lé And hèt\<!è 3. mol"è p48s1Vély 
, 

\ ! 

fitti"8 castina in c~rtitn &spêCh tllAn ~uld CA.~tit't8. froll rhé 

R~bber imp~es$ionl s~urCè, Cùnséquently, thi, might tll1~w grétltér 
, ï 

'c<'ll'I(mt nov and permit furtbèr sétltltng to compénsatè, ci\l'Icel out. 

ùt' èVet\ ill'lprové upon tl\é :mtidpated ClOSé!' lnnat. fit ~f the castings 
" 0 \. _ ' Il 

hom the R\.\bber SÙ\lt'Co prior to ceme\ltatiot\~ 

to their th~l"etical eapabiltty ~ul"ins Cém~ntatton. and ~re partieulal"ly 

anxious at the reflèction of this 
0(1 

effoct st the 1l4l~inal. s041. This lèd 

1 
ta 1I\Any suggèstions to cùm~ensatê for 

, \-
thé cèmêntatlon effect\ but usually 

1 
1 

with<:\ut ~my subst3nti..atin.g sd,entific évidence, except fol" thé ~dt$ 

-- ~ 

! 
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1 • 

1 
of v(ml'tng as shawn by Jon~St DyRt>.m!', ~nd Kl~in,(1971). Ot,her 

~~ \ J 

R\lR8'-'8tfons have inC"l\ldeg the cmpiriC'.d ovor--wnxing of lMrgins. 
\ 

Tl:lss~tt, (1966). nnd Smith jlnd Pou~~r, (1928); the s\lp~rimpositi.on 

~of -loug b~vals oi,t~ shoul.~er ,prepn~.ntiori9. Stein, (1\l5); and 

~vnt't()lIt C'OOl'CP,ts of int('rri~l ral ieof of castings on wh~ch Fusl1yntna 
, 

. et nt. (-1964) contributep the most i'}formatloq\. nOWQy~t. there la 
1 r,~ 

} iUle infl'H"mntion sci~ntificatly definiug the dUferential loc~tion 

Ç>f bin~in\ v.ones bçneath li casting, except for an in-vitro study of 
,+ 

\ 

t1 fi t of cast ings to, their di~s \~ncl~tncnted, "by Teteruck and Mumford, 

\ 

(1966). 

qA critical look was also aimed at the claimed advantage 
\ 

of rccording extra unprcpl\r,ed 't'ooth struc4:ure beyond the limi~ of 

\ ' 

l he prcpl1red chamfer mnrgin in order t.o more easily produce a dè!inod 

i 
Il.lld super10r crpwn margina This luts classically been suggested as an 

3dvantage of a baud imp~cssi.on technique. 
'~" 

(\ 
~ietrich' s Elastic Impression Compound ls best cla"sified 

, wtth the A.D.A. Type l model compounds and the impression waxes as a 

l~on-etastic thermoplastic compound suitable for r-igid band impressions. 

As sueh, it must be considéred ~s capable of moderate accuracy, repro~ 
'" . . 
J "J G 

duetion per se. relative ta polysulph:lde rubber which is a truly 
1 " 

elastic material of considerable accuracy if properly supported in . , 

t~lill sections. A.D.A>: Specification 3 and 19,(1967), and Schnell 811d 

if 

Phillips,(1958)_ 

Compadng the éo~fficients of the~al ~pansibn and 
, ~. \' " 

~onductivity; and the seftin~ contraction. of polysblph~de rubbeT 

td impre'ssion cOlbpound~ » as by. Hoilenba~k (1957) , Roydhouse (1962) , 

1 
1 

,~ .- 1. , 
-' 

'" -

:;. 

.-, -

.' 

10 
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Comb<' '\l)d~196S), and 

r~lHliv~ly hlgh p~rmissibl~ 

PhiUips nnd Skinner (1973), and the 
" ./ . / 

flow specification for Type l compôunds 
/ 

~It !no\lth ~lUd r(..,~~~-t.l\mpc'r:Hllr(!S ~llo",ed by A.D.A. testing, "it ts 

"/ 
cvi dent that li compound imprt'ssion may not 'record quite' the same 

J0lAIl nor he as ~t4hlQ AS polysulphtde rubber. Clinically, however, 

Di(!tdch' s is thought to be suitable <for full crown restorations 

,,,lll'rt~ lhere j~; 1 ft t'le te no 1nfrnhiIlgc beyond the preparation mllrgin. 

Recause the compound rcql1ircs the support of a band, the impression 

tl'chnique cantes 3 pos~ible :\dvnntngc of permitting fuller entry and 

('3sier r~c'ordi.ng of thts criticnl nfca. A band concept may, therefore, 
/ 

di l't>ctly aCf cct the philosophy of m'rgin placement and design by 

('lMbl ing the preparation to be te'rmlnated closer to ,the epithelial 
l, .:.".1' J 

nttAchm€'nt. Of coül"se, srent csre Is needed to avoid teari.ng the 

attnchmenL 

~1L 

. The work by Christensen (1966) on the detectability .. of .. 

subgingiva.l margins under the \IlQst detailed scrutiny in-vitro, 

... / 
suggested that a ('cmented fit of 119pm would be acceptcd a~: good. 

However t ) the ava.il able studics on cement lute discrcpanc tes at 

crown margins üldicate that gr~ater deviations than this are 'occurring 

routtnely. Analysing this observation, it was considercd that -vhen 

a rtl\ll"sin is selectively accep,ted during the m.ore usual clinical asscss-
, 

ment procedure prior to cementation, a similar limit for margin dis-

cernability probably applies. This innate margin discrcpancy would 

be subsequcntly compounded once cement has been introducea. 

The author of the curr~nt study has been conct'rned that , 

the limitations of noi'ûlil clinical d'iscernability might be more 

si.gnifi~ant in determining what is clinically acceptable than 1s 

o 

" " 

11 
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----~----- _.. .. - - - --- .. ~ .' 
, ? 

the V:lri.ltion in fit l"l>:mlting fl'om the tf'l'!mology of the cu'rrcntly 

us~d ffi0thods for indirect r~storntions. Nevcr-thc-lcss, the availablc 

technology m{ght be s0rinuR1y criti~i7~J in tolel'3ttng an Inherent 

range of fit to Rt l~BRt the upper Ilmits of margin dctcctabillty, 
~ 

rnther th'ln ndht~ring doser ta the Ideal 25pm fit us defined by the 

A. D.A. Sp(~dficlltiùn 8. for the gl'nin she of Type II. phosphate 

C<'llh.'nt. 

-< D,~[fel\t.~nces betwcl'n n\llli lable technologies may thus pass 

clinical 1y undcte('tt~d, unlcss e:xtrn-ordinary mcans, s\lch a.s in Jhe 
f 

These diffcrences mny Inter be 

shown to have a biological signHicllnce, even thaugh the overall 

dfect of ccmcnt~tian i8 èXpected .to mask or dUute nny s:lgniftc~~nt 

mC'iUl di fft>n'ncS_S-------bctwl~ên any two impression sources undcr study. 
_. __ .. ----

Howcvf'r, were this to occur, i~ would nJt necessarily negate the 
" 

si.gnificnnce of 8ny innate diffcrence betwcen ~he castings, but 

1 c. 

instclld, may be an indication for a n.ew c('ment technology. 

The tenus "cl ini.eally accept.1.ble", (probable synonym. 

"cl inically detec table prior to cC'mentation"), 
~ 

" clinically achicvable", 

for the current technology, and "biologically acceptable l1 need 
,1 

discussed and better dcfined for castin.gs. 
1 .. 

TI1e current study purports ta record differentially what fit 
f '1. 

is being actually achieved by gold castings for full crown prèparations 

on anterj.or tceth in-vivo, using and comparing routinely available 
/ -" ....., 't. 

technology under careful and controlled conditions~_ 

./ 
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The b~s1c methodology of this paper was dC$cribûd by MeLcan 

i.n 1971, and stands as the onib diffcrentia1 in vivo technique to dat~. 
It a1so 1101<1s ta standard cl i.ni.cal procedure. 

, 
The other cl {n"lca l st\ldh~s Hrc by Murata (1967), and Yosllida 

"- . 
(1959) who 'invcstigated the fit of tfllstings mad'e in vivo on tecth 

slated 
1 for I.~xtractton~ nnd of r~mdom castings on teeth which, for various 

l ' 

rènsons, 1'l'<}uircd extraction tn Il d('ntal school clinic. 

Howcver, -the bulk of information and understai1ding hss come 

from 1aboratory modeis which altude ta the cHuics1 situation, but 

which by l imiting out ·variabl cs to annlysc a particulat :lce\lt'scy, ma)' 
1 

cxcl.ude factors that could overwhelm o~ mocHey the component llnder test 

in vivo, espeda1ly when considering' the ho st of pl11\ses of f~lbri('ati(m. 
" , 

As an exmnple, the use of 3.1nodified Verticlliator by McCul1e nnd Phillipsl 
\ -

(1971), and' 31so by Joncs, Dykt:-ma and Klein (197'1) to guide the vertical 

.seating of Il cnsting tncvitllbly dfffiinished an)' ab1:lque seating, ",hic~ this 

" e 

current clinical study and other authors consistently demanstrated. 
\ ", i 
1 -

Studies by Jorgensen (1960), Kaufman, Coe1ho and Colin (1961), 
l ' 

1 
Bassett (1966) and McCune, Phillips, Swartz and Mumford (1971) relate 

< 

cement lute thicknesses to the verticai- displacè~ent o~ a casting before 
1 

and after cementation, the Dveral1 displacement being calculated as the 
. 1 

average film thickness, or by geometry of the die, the occlusal,{axial, 

• 

I-V 
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,,\i~nà Rll1s'l\,)l\l hlt(\ dC'duct"d. 

1 
cult U) f\ltty l"t'1:\tc to the tl:\lC cl ü1'{cal sit\ll\tion. FUs ... y.1m:\" Ide, ,md 

tl\~ Hxinl tAper CRn srrntty l\fr~ct the s'lzc of the (\xposod mArginal cC'mant 
\ ,Çll 

l\ltl' fl)r :lnY s'lv('n di.s!)l11C(\mant. (FiS.14). CH,nicnlly, th<,refot'e, Il less 

~C'rf('ct or l('ss ,conststcnt prcp.'H'lll ton would incot'pol'àtc li varlet y of tnnrgin 

1 
nnd tnp0r conf'lgurntions to c6mplicRte the picture. 

\ 
Ear1y work by Jorgcnscn (1960-68), And Kaufman, Coclho, And 

Col in (196l») nnnlysea the sOlYlcwhat artifiC'lal effect of Ct~ment lute flow 

bl'tWI'(,l'l pr0cisiol\ umchlnc tut'11<'d metal and plnst'lc dics and corrù'spond'illg 
/"" 

,mctal wells. ,A stillilllr cffcct was achievcd in the venting study by McCune, 
\ 
\ 

Phi 11 ips, Swnrt? :md Mumford (l971) ",hore c:\stings ",cre .c~tnented onto dies 

prod\lccd from ~tone pours into the l\ctual casting and then ,scparatcd. More 

l'('cpntly, D-tmnshkÎ.eh, Davies, llnd Fraunl;ofer (1974) have observed the pro­

pl.!rtt(·s~\f 'ccmc~'1tation 'and fit .bcheath !\ill cov('nlgc restorations made by 

coppèr ptaUng ~m acryl1c die :md l'ecoment1ng the plated copit'lg after 

~~'pHl'ation. This was ~ubseq\H,:mtly sectioned. These studics, tlH,>refore, 

.:lssumc a 100% fit of a east ing, and in fac t only dcduce the behaviour, 

flüw ilnd set of cements in that special situation. Howcver, in 1:he t rue . " 

1 

clinica1 situation, McI.can (1971) pointed out that: this concept of to1enulce 

iS,8s yet unfortunatcly unsFtainable (>xccpt ~t point contacts betwccn the 

" casting and 'the preparation. Depending on thcse locations, ",hich in 

normal, 'pr cedure ramain undefined, important aspects of the-casting, such 

as at the marg!n seal, may still contain large discrepances desp!te the, 

clinical impression of an excellent fit. 

Fl~ayama et al. (1963), real 'lsing the nced for a finite c-ement 

\ 
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lute sp:lce, e)Cpl~r111l(>nted ",ith th~ ('ff ("c t of .'ln impTl')\7~d ('IXp :\)) S i (~l'\ 

C'~sting technique l"ln the fit of camemtè'd c.'\st.in,gs: :1 C'omp;H'ib1~ copper 
\ \ 

1\11oy \M~ substitutl"d for gold, :md. sross s('cti.oning WI\S lwrflwmC'd once 
, J 

c(>mentl't onto Hs cxtrl\ct~d tooth preparati.on. \ Micro mcaS\ll"cm("nts )1ere 

'then ~ade. 0\ . 
Christcnsen (1966) lined up MOD inla~s camcn'tcd and buh'lislied 

onto cxtracted tooth prepnrntions. SubjectJve scores mnde for the exposcd 

OCClllSAl 'and hiddùn subgi.ngival mnrgins ",cre asscssed agdnst mi.cro-
, \ 

mCI\surements on gross sectionil"l.g nt the gingival, proximal and occhlsal 

.: positions. 
1 

/"'. 
Joncs, Dykema, and Klein (1971) uscd a modif1ùd Vert'lculator 

devised by McCune (1968) to enSlJre ttle vertical cementation of gold castings 

onto silver plated copies of master dies. Telemetri.e me3sutcmcnts we~e made 

" 
of the total vertical df:.splacement and margi.nal opening prtor to and post 

cementation for vented and unvented crowns. No sectioning ~as performed 

to estàbl 'lsh further differenti.al readings. 

Teteruck and Mumfol;d (1966) prov,idûd vllltwble differ(>nthl 

information on the fit charncterist 'les of a variety of cast alI oys. invest- ,.-" 
~~ i,,'; \ 

mcnts and preparation ~hapes before ccmcl~~~tt9?' !'ut in thts \1ncem~nted 
~-. " 

state H is difficult to relate this to a biological significance in the in 

situ situation. Castings ~ere seated onto their dies and ~ere th~n embeddcd 

for sectioning and m:(.cro-measurement. Of. the c~ncl\l~ions~ it was stated 

that the definition of casting accuracY;Should fake into consideration a 

degree of fit rather than absolute adaptation which 'S in agreement with 

the objectives of Fusayama et al. (1963) as dcscribed prevtously. 

, 
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The Amcrlcah D~n td Assac h t ion SpéC ificA t ton 8. i nd i CA tes 

tlH\t the minimulll film thicknass of phospl)l\tQ cem~l\t ~l\o\lld be 40p~ f\:lr 

type 1. and 25pm {or type II cement wh:!.ch is thus an efhct of the Pl\rti~le 
/ 

SaveraI workers have racorded'mean thicknesses ~ ~he margin 

bctow thts value. Fusl\yama 'ct al.. (19;63) using an expanded casting t~chnique 

rl'plWl('d a 13pm minimum film und cr vcry hcavy loads. Jorgensen (1960) 
. 

ùbtntnéd a lowcst reading of 14.5pm for vented machined "castings" which he 
1 

• 1 

('(.)nsi.d~r(!d to be llpproaching the effective grain sbe m:fnimum for the cememt. 

The average gingival film thi.ck~ess was 33ym with variations beins .depcudent 

on the augle of taper, crown length, seating load, cement consisteucy \and 

she. 

Thé stud,y by <;llr~st(,l'\sen (1966) subjectively considered the ' 

cc~entcd fit of MOD castings as accè.!ptable on a ',range of fit~ which on sec-

tioning ·proved to be 26pm to 119pm for the l}idden subginaiva1 margin, and, 
. 

by Uneu regression, 39pm was dariyed as the least 

It is ta be notad that tll.e latter measurement's were 
'" .' 

of inlays 'Whlch would, t~erQfare, have offered l'ess 

;-< 

acceptable occlusIl1 mal-gin.! 

obtainod by the ccmentnti/~ 
resistance to Cl'lTlt'nt flow 

than a full \l'eneer castîng. Also~ the final cvaluation was takcn' aftér burnlsh-

ing the gald ta t~~, tooth pl-cpa~ation dircct\,. and doés nùt nccessarily 1" 

correspond to the' initial fit of the casting. However, althoug~ ChriS\7s:n< ., 

determil\ed that the marginal lute could be red~ced by burttlshlng ~he SZ· , ai 
photomicrographie study by Bj"Orndal and Sahs .(1960). showed t,hat gol 

1 

• • J 

naver occlude the cement line, and wher~ burnls~ing had bren attcm fe 
raggéd line of gold was obserVed. j 

1 
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M~my work<lt'S. of rot~ _ Ho11(mb~lck (19~8). Ln'lse (1958) ~ 

JOl:Sl~nSùn (1960) _ l\~ufm.,l'l (lt d. (1961), FUS."lyMll.'\ ,t1t .'\ 1. (1963), B,\S~è'tt .., 

'\ 
(1966), McCunc ~t ,,1.(1971) ,lnd Dim;\shkich l't ~1.(l974). rN~ol'\l('\i m'l 

" 

occlusAl ct'l'IIcntstion diSCl.·~p:\llcy. 
, 1 

H()wQv~r. in the.'! lnttcr two st\ldtes -rl~spt'l'livcly_ a high rC:llHng 

of lU9Jlm. (dC'pcnding on th(l cla~Htcstion of ct'mcnt used) and 1214.39J
'
m. 

(dèpel'lding on the ,,,,sle .. "Il tllp(n~ \l8t-d) 'Wns lWo(hICt"d for the """cntc-d ('('1\)'{ngs 

c 

of thas6 invcstigations. 8ecAus~ of the 100% fit concepts of 
.' , 

thè ~ethodo\081cs uscd. nAm~\y di.roct pours into'tha ,fit surf"ce of the 

cn.stings (McCune èt Ill.) ~lnd dil.,(\('tly coppl~r Pl"tcJ "cAsti.ngS,;' 

(Diml1shkie.'!h Qt aL), thcl."e W~lS no room for ~udal ci::ilpe of c('m ..... "t ul'Itil 
JI 

t-he c<lpings Wl~re s\lbs~qu('ntly vented. 
'. 

\ 
The rc~~ned telcvision mi.cro1e,'lS\l~~mcnt study by J~mes, 

Dykcma. a.nd l<lcin (1971) dcmonstratèd the s,une displaccment e.ffect ~.o 

VN1tcd castin,gs, 

through-vcI'lting of 

cùrnp'a,r:ison,J~tie finish -lines u$('d wcre very IlpiC:1 

./ .' - 1 
l.md f(,li tl~~'r cdses, prob:).bly more 

! / 

and fil,imll crown m;n .. gil'l/data in 
1 

/ 

fit studies 
/ 

/ parations and different 

Incompl~t~ seating and b lal 

original die. 

/ , 

, 
" 

/ 
/ 

j 

/ 
/ ' 
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TlH~ n"8l'(''è:! of C<\sting Accur~cy~of 0 Vari.o~s Gold All~"Iys ~lnd lnv('stm~nt' Combi.nntit~n~ 
, ." . (\lncl~mt"nt:,'d) 

For KQrr Cri,tOb~QY G 3 gold (in ), .. ) 

G ~\!~~i::*~ 1."8 ins Occlusd '~ 1 .Axid' '"'" 

• StilndArd Dcvbtion 

, '1:<11 
Buccal ., 1 Lin.S\ld 

151 
1 
1 
1 

111 

- 24 1 ·6 
j -:-._- --I------j 

155 

60 

F\.w Wh tp-Mix CCl.":l.migo1d Inv~stmènt :md Cl'rttmCo No.1 Alloy 

G.i!liival Marsins Oc.clu$al 

Bucca{ 
1 

Lingual 1 

19 
1 

M(.'\lln 1 31 34 
'1 , 

St:md~rd Deviation .. 16 1 8 12 

-----
BUCCA-1 l.insul\l 

0 130 

0'(, 16 _ ... -.--.. _-
(in }lm) ~ 

,1' 

Axial 

Buccal Lingual 

18 19 
lb 

6 12 1 

(Aftel' Tetcruck and Mumford 1966) ..-
-
Often the rcsultant discrcpancies o~ cementation are beyond normal 

clinical detcction out may still be biolosicaUy evident. Huff~n. 

R('8COIlOS ;lnd" T;ylor (1973) obscrved .the m~gnification of this vertical disp1ace-

n\ent effect followins the cem~ntlltion of full mouth splinted snatholosic~l 

-
cns(!s even after rcmount pl"oc('d\lres hnd b('cn previo~~~~ p.erformed. 

~ • ~1 .~ 

~:-~~j~ 
Huffman et al. (1973) cite ,~b:H:'t'v.ltions by Yoshida (\959) and 

Muuta U967») made during in vivo studies. 

Yoshida (1959) expcriment~d with dir~ct and indirect pattQrn 

full crOW11 castings which were cemented onto extracted teeth. No t'cal 

difference was fou?d betwcen the, two,sroups. but Yoshida was disturbed to 

Und 200fm cement lutes st thè occlusal. This was then repeated clinically 

on teeth slated fQr extraction. but on sectionins. a discrepancy of lSO-200pm 

was recorded. There was of course no opportunity for longitudinal study. 

" 

\ 

18 



\ 

" 

Ct 
j 

\ 

" 1 
---~ ... : 

" 

MUl":\tA (1961) S~v~y.:l~ ~)ltn\ct('d t('(>th cùnt:\ining (Hl l c1'own 

the l'lC'tl\lsA1 l'''lnSl'd h'om 50-200pm for hic\ISpids, Imd 60-230pm fm,' mo1:lr u'cth. 

Tht~re was an eq\lal discrùpancy at the gillsiva. 

}o~lIS.:1y~lm.'l ~t 3.1. (1963) pr.csume th:lt lU1 ini.t inl p:lssiv~ spllca 

ls requit'cd to .accomInodnte the cC'mant bctwQl'!n Il clisting and the prcp:H:ltion, 
1 

\and nssume that,~h~ f~n3.1 cement lute spnca wl\1 be gr~atQr than the originAl 

-sp:,cc. It ",as found that a' cement thi.ckncss mny be rcndily r('duced 'lo 40pm, 

but ta go bcyond 30pm necded li suddC'n tnc'rl~n$e il\ load to overcome th,a cC'ment 

\ ~------- --------- --------, . ~ 

r\.~sist~mce. 

T~detect the resistancè of cement to adaptat none would 1 

need to meaS\ll.'e this initial pnsdve spMe, but F\~ mn,", states that ther,e 
~ <,,<,".-<'" 

-' 
ts cut'rcnÙy 110 way of 1'ecording this dif.~p-l'1.~l;'til\lly ~)tccpt by a :;,>ummation 

of the! componl"nt ~ç"~~~S""·"to"Ta1)ri;;::an. ,Aècordin.g te Fus'ayama, the 
---------,",'"""'"' , ------ / original space for an indirect pattern full crown casting is therefore 10 

to 20pm st tllC axial wall, ",hich exp1a:ins why~Opm was recerded occlusally 

3.l'\d at the cervical shoulders owing to the 1'esistance of the cement which 
\ 

1 

was forcèd to squeeze through this n3rrow spnce. 
, , 

F\.l~ayam3 studled the impreYClllcnt in seating achil~w·d by cl"ll'lc>nting 

a slightly cxpanded c,ast ing( produced from impression ~md die expansion tcch-
, \ 

\ 

niques.) It was concluded thnt the occlusal di splacemcnt. was minimum whcre 

the calculated expansion fit (or inate cement lute space) was more than 30pm. 
\ ' 

This relates weIl to the in vivo observation by McLean that the external and 

internaI gingival Hne angLes of porcelain jacket crowns ~hen cemented, 

comp8fed very close}y to the fit ff cast metal to ceramic crowns. despite or 

possibly bec8use of tfe platinum matrix which providE'd an oversll ev en 

distribution of cement. 
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AttC'mpting ta $ugSt!st an o.ptim\lm film thicknl's$ with 1"csp\.;'ct 
\ 
\ 

ta l' ~tl'nt ion, FusAymn:, Imd Iw.unoto (1960) t('st~d optimum film thickn~ss stt"cngths 

by a ypcrboHc C\.ll"Ve, with ~ thickncss of 3S-40pm<-,at a load oClOkg pro-

ducing :t CUl"ve that reached the poit'it n~I\1"est :zero. 

Sim11a1" metal plates w~1"e ccment~d onte enamel, dentin and 
,< 

other mctllls, w1th difft:'rent fil~ thicknèsscs resulting from different 

~6l1ftns ~1oais to test the shearing strengths. Separa,tion senera,;l.ly occured at 

~ha metal/cement junction. The lute thicknt'sses that oost tolerated a mtlXimUL_ t __ ~ ____ -

force for rctaining inlays was 38~lm for enam~l, 31pm for'dentin, an'd, 24pM for 
r 1 , 

metal. More th:m 60pm was required· te proauce the maximum force on wet 

dentine. Howcver, although t~ese figures are an indication for the required 

lute, Jorgensen and,Esbensen (1968) find them more an cxBmination of the 

influence of the cement film thickness upon friction rather than'retention. 

It is of interest te note an optimum of 24pm for metal ta metal, since it,is 
~ !.' 

this application between cast telescopes where cementation becomes suspect 

~~th time. It is probable that such telescopes need ~n'uncommon overall 

~dRptat~9n for truly sdequate strength. 
", / 

Fusayamll et al. (1964) examined the effect of artificially 

incorporsting an,internal~y reli~ved or passive fit casting using an sppli-

cation of manicure liquid or tin foil strip applied bucco-lingually. At 15kg 
, 

ct:.'mt'ntation pressure, the resuit was in favour of some spacing: (a "compatible", 
)1 ~ -

4 

copper ailoy substitute wa~ used for the gold aIloy), 

lmprovcme~~ of The Fit of_Castings FOi10WiQg InternaI Relief (fm) 

Cervical Shoulder Occlusal Fleor 
'" --1 

No reli~f 110 ~·4'2 90 ± 22 
1 

Msnicure Liquid 
, 

38 :t- 16 120 ! 34 
"-

Tin foil 34 ! 5 82 ± 10 
~ 

(After Fusayama 
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the A.D.A Specifications prot1ably l't'present the b~st r('\$\\lts possible, 

the usual in."H'cul·acy of C"'St:!.11gS r('~u1.ts :in film thickn,'ssc.'s in the l ' , 
1 

arder of lOOfl1l for phos~hate cements and si~ilaTly {or the ncwer cètncnts _________ -------:-. --o _____ ---------

The in vivo study by Mcl.ean and Fraunhofer (!91.1)--su-ggcsted 

that up to a 120pn 1ute at the ~~~.vll---Was~C:;Pt8b'le clinically an~ 
, --------- ' 

this~cL.Po..~sj,b1y~xt('nded to consider 160rm.. The diffe-r~ntial 
~---:-

_______ ------ results obtained wcre: 

J 

Axial wall Occ1usal 
flocr 

Mèsio-cervical Disto-cl"r\lj cal 
external line external U\1e 

NOD Inl,y 105. 3:!:n. 9 142.0±94.6 

'Metal cerandc 
\ 

75.4!38.0 l 38.6±61.9 crown 

Porcelain jacket cro~ 
, + l,12.3!66.4 92.9-53.1 

" 
, , 

(For PJC. 1ablo-lingual aspect. detennined.) 
-., 

\1 

o 

, ft 

angle' angle 

60.0!71.8 

66.7!60.8 

77 .. 7!45.6 

" 

, + 
68.0_89.9 

+ 26.1_26.2 " 

+è 
48.8_51.1 

/ 
. " 
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" ----------CL~rrY AND COMPETENCE. 

() ____ ------~ The present Hl'lTlamt'nt.nium is nlth~r t90 crude :tnd subject-i\Te 

------------ -

/ 

~-----------------------

ln thù study by Chl'istcns<,n (1966). the marg.ins of ten inlays " , . 
constructcd llnd {inished anto t'xtl'llctt'd tC't'th, \~('re cvaluatùd by ten instruc-

tOI' dcntists, and their subjective opinions' or fit were equated to micro-

scopie m(,IlSU1'èm<>nt. Gingival m,lrgins ",ith opcnings up to 119pm \Jere accepted, 

\t1hilst proximal lind occlnsa1 margins with as littl~ Ils a 26pm opening \Jeu 

rej('ct<."d. Statistical c()lTt"'l~tion showed that the prQx1rimal and occlusal 
\." 

scares assigncd by the op(>ratol's had a si.gnificant relation to the actual 
, \. 

lnicroscope me-.asul."cment, but; for the t7;ingival, no such ~iatiôn~~d. There 

\t1as more disagrcement on the clinical acceptability of ingiva1 margins than 

any other location. Also explorer ~xamination of visually accessible margins 

was found to be superior to, and more reliable than, ex~lorer or radiographie 

examination of visually inaccessible margins.~ 
, '\, 1 

M('L~n (1971») by micro comparis,on of a new -explorer tip to .. 1 ~, 
an adjacent human hair of 40pm diameter, dernonstrated that the hair may be 

indiscernible to the probe. The S3me explorer after only three weeks use 

1 1 may be inadequat~ t.o deteet. 80pm. In t.he same studYt detecting the marginal, '. 
. ~ 

le.akage of inlays ra4iOgrap~y by tracing t.he ,bitewing and comparing ("t; 
..... ~ A'J it to the cement lut~.>-eP.lie, could,at best,only be relaté\! t:o a 60pm tp \4; 

~~ : ,1 
80fm disc;ç.pa-rtéy. In addition the o'rientation of the metal may ôften shie1d \ 
\ ------~----

_____ ~~ge def icieoncy. 

Bjorn (1970) performed a radiographie survey to relate defective 

gOldf~nd porcelain margins to bone loss. He fO\lnd 83% of gold resto~ations 

ahd 74% of porcelain to have defectivc margins. A margin, def~t. of O.22mm 

/ 

1 ) 
22 

t* 



~~--.---------------------

~ 

! 

, . 

was found in 68% of the gold, and in 51% of the porcelain rcstcrattons, 
~ '\ 

which was greater than that determined carlier for amalgam fillings by' . 

" Bjorn m' 1969. However, ft must' be noted! that radiographie ·assess~,.:nt 

is not refined enough for li ~ignifie'ant cvaluation, ,and if bitewing 

raqiographs are used, any information fM' the buccal '~md 1 ingua1 aspects 

are exe1uded for an in vivo situation. 
. .... ". 

1 Other methods of visU'alizing thie full seating of a e~sting 

include cutting occlusal 
41' 

(> 'l 

ve~t,~oles or windows for direct examination. 
., , . ) 

Rowever, this would not take into .~ccount any innate spaee betwe~n the 

uncemented res~oration and ~I preparation. Furthermore, ~Ton(>s, Dyk0m-a, 

and Klein (1971) feel that the limit of visual acui~y is on1y 50pm even 

under ideal situ~tions of aceessibility, whicn the above situa.tion is .nQ,t. 
\ 

This lim~to 1s eortfirmed by Igarashi and Woelfel in an unpublished rcsearch 

report eited by l\uffman, Regenos and Tayloi (1973). A1so Phill ips R. W • 

states that the ~uman .èye 

30 to 50pm wide. 

... 
1s limited to discern1ng a Cl'ment Une of 

Sinee a piece of articulating paper~,()f 50 ~o 70pm and a ' 

human ha!r of 40pm is detectable b('tw~en occ1uding natural teeth, it 

is probable that cem.entation discrepandes rankins more in the ordér of 
'1 -' 

lOOum wou~d be biologically signifi ut s 'unfortunately pr?bab1y not 
\ 

immediately,apparent tèc.hniq~es available. ~O\H~Ver, 'ev<:'n 

for using plastic. shim st~ck pape 

of _ O. QQ05-inc~· el' 1-2. Spm--t1lfckness. it is doubtful whether any 

could work within sueh acèuracies. 

inidan 

1 
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fr)ERtODO~TAL CœSIDIRATlONS ,AT- THE CROlm .MARG1N~ B~OLOGlCAL eO:\WATIÎntITY 

" \ 

. irhat; microbip.l pJaq~~ i,s largely rcsjlQnstbl,e for cohtinuing 
ft ,.~ 

c.aries and p.~ri;~~nJal disease,as showl1 by"'-Lo~ (i965·,1967),is no longer 
, . 

",:questioned-. .Aj::cording to, Al~~ander (l~~l), it i5 clinically evident that 

p).aq'ue i:'etention :fa:; great~st in'r'egionS which are' mo>re inaccessible a'~d "'i~ss 
.' . 

6 self cleansable, ri'am~ly the ~a"~i.a1 and 'lingual ce"rvical an~as and lnter- ~ l" 
proximally. Yet, ft;ts into these locations that, foreign prosthetic materi<i,l, 

\\ ;- \ 

exhibiting varying s!-,rface ~etention properti~s, is to be intr&f~ced, and by \ 

tecbniques whrc'h tax the' ability ta recreate the original anatomy least of 

a11 improve upon it. " 

\ 
Go~dman (1951) describe~ the buccal gingfval connective tf~sue 

fibres as being less coarsê and fewer than in other locations, thus correlating 
\ ' ' 'V 

forro with function in a regio~ that sustains less~ress. However. this' 

thinner, less bulky buccal gingiva and alveolus might a1so be,least prepared 
~ " (~ 

to receiyé the unnatural additional stress of a crown margin, and ft is, jindeed, 

,,1 , ...,. here that early pro~lems most 0 frequently arise. 
, 
, - .J The position of the &ingiva dictates that it will be in intimate " 

contact with most major restorations. Loca~ irritation elicits an aéute 

infIammatory response which Ivancie (1958) states is a reaction' to e1iminate 

" or neutra1ize the irritant, ending in resoluti~n and repair. However, 

, irritatiop due to a cemented restoration cannot be completely iesolved, and 
l, • 

à chronic state of gi~gival inflanunation rersis,ts. 
'->' 

that apical migration of toe epithelial attachment 
, 

Q 

1 

Goldman (1973] obser~ed 

often fol1ows'gra?ually' 

if the deeper gingival·barrier ,8 " 
, ' 

fIbers are de~troYed.r~sblting in poeket 

forma~~~h' and an early, perhaps preciphated, ,periodontitis", 

Î 
, . 
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Irritation From The Crown-CèmentrTooth 

The Effect of the Cement-Lute Line at the \ 
-, 

Norman, Schwartz, and Phillips sradual 

dissolùtion \o'f the peripheral cement Hne as causing plaque stagnation 
4f 

1 
and consequent inflammation. AlI the values for cement solubili~y in 

\ 
distilled water fa1~within the A.D.A. specification of 0.2% after 24 

hours, but the saI, environment can be quite dif~erent. 

of phosph\te èement in weak org~nid acids, such as citric 

,The solubility 

acid, may be 
, J _ \ 

10 to 20 times grea ter. This cat;l be in' thE} "'order of 1.9% solubility 

at pH4 as ôpposed to 0.1% in distilled water.' In addition, other oral , ... , ! 
corroding ageijts arê abundant. Acids, ammon~a, and s~phides a~e presint 

dependiug On the di~~'and oral flora. The cements do not aIl 'react 
c 

simi1arly. TI1US zinc phosphate cement is readi1y softened'by hydrogen 

sulphide, and yet the other classes of cements are nqt'affected. ' , , 

Waerhaug (19°60) sta~_sof~~;S can:adju~t just 
.'~ . ") .... -Il! ':" ,~ 

weIl to rough as t'ô "5niboth mat~rial pro~ided that'Ino m~'vemept occurs 1 ~ 11 

, b~,tween .the rtwo. 'ThiS"'COUld occur wher~ i' ma;g:i1 we,rel drop~ed in~o an/ " 

exi~ting deep'pocket 'a~d exacerbated if the toO~h a1so, exhibited sO~f' , . l ' {s 
OV •• , ,,:. b ' 

mobilitJ. However, roughness 'lead5'to, plaque accumulation wh1ch in ùrn 1 l, 

l~ads to inflammation. Removal of this sub~i:giV~l 'marg'i~ ~aq';!e ls 1 

usually impossible,-hence ~hy reàl healink against a restoration is r re. 

Jones, Dykema and Klein, (1971) observed in vitro at when 
} -- '. , 

, . \ '\ 

set cement was cleaned away from the tooth,·~a p~o~i-oîi-of ithe cement 
l -~ 

v 
pulled out of the margan, leavin~~en margin with no cement. 

, ------ ... --
_----:,~'--.!"-!S _rep<>r,ted-;; Silnes~ a~~ Hegdahl, «968). ,tha t t his c_nt 

line cau in fact have a,total surface area 0t_s~vë~~~_square ml~11meters. 

( 

.. 

1 

\ 
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l 

Furthermore, if blood tissue or 'debris inclusions oecur 
\ çP' 1 

dur~ng cementadon, organic voids may ,remain in the eemjnt line, priming 

them for culture and b~o,.m, which may contribute to the dar~ glngiv,!ll .-

?r ' ~ 
line observed over sorne porcelain jacket crowns» or indeed promote 

- '" / plaque associated discase. (She1py 1972) 
1 

Waerhaug (1953), in a histological study of acrylic crowns 

placed in ~wo dogs, noticed that wher~ necrotie tissue was trapped in 

the cement margi~ seal oW1ng-to imperfec~ly adapted margins, further 

irritation to the surrounding epithelium and connective tissue ensued. 

However, it was' sbown experimentally by '''aerhaug and Stein , 

(1952) that/the mere presence of a crown margin, no 1attér the material, 

will alter the flora in the gingival sulçus. 

Consideration on The Location of The Crown Margin. 
" 

The data for this debate can be .di~e_d_into _its anfmal or 

human study sources. However, the ~~-stûQies can be oriticised for --------' \ 

/ 

• ~~ie size, t~diJferent oral fIora fr~m the human subjeet, 
l.:;r,( ... ~'<~--------- , "-

and the difficu1ty in establishing an oral hygiene r~gime. "The human 

, • > 

a lac!ç_ of histological information studies have been disadvantaged by 
'-, 

which nas limited the analysis ta scor~~~ methods. Regre'ttab~y the lo~gêst 
~--t 

longitudinal study J"las _heep -only three "years. (Richter and Ueno 1973). 

A small,animal study on the loca~ion of margin placement 

by Kar1sen (1970) demonstrated greater inl~mmqtory reaction h1sto10-

gica11y in conjunction with further subgingival extention of castings 

and with pOjrer fits. A band of infla~atory cells co~ld be followed 
1 

from the gingival margin to beyond the art of the pocket. 

26 
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'-.p Interestingly, in instances where no casting or tempor.sry 

was insertt'd fol10wing taoth preparation, there were no signs of infbmma-

tion. 

An animal study by Marcum (1967), proposed that there was 

beneficial rcsponse where the margins were located at the gingival 

~est as opposed ta being sub or supra gingiva which was contrary to 

other investigitions. 

, In a two year longitudinal stu~ of eleven human subjects by 

Hergman, Hugoson and 01s50n (1971), the one year Gingival Index (Silness 

Il 

and Loe 1963) was higher for teeth with artificial crowns than for those 

~ho~t. Yet at two y:ars, the difference.was not statistically significant. 

n 

There was no 'statistically significant difference for the Plaque Index 

related to crown margin placement. However, the obtained dffference~ aIl 
l' 

tend~? to suggest that subgingival placement was the more ~njuriaus ta the 

gingiv~l tissues. 

Larato (1969) condulted a survey of' service veterans prescnting 

with crown r~storations. Subjective scoring indicated that 83% of aIl 

cro\mS with sub-gingival mnrgins w~re associated with inflammation. In 

contrast, only 21% of crowns with-the gingival margins positio~ed at a 

height even with the gingival crest were associated wi~h gingival inflamma­..... 

tion, whi1e supra gingival placement reduced the frequency of inflammation 

to 16%. 

Richter and Deno (1973) attempted to get away from the inter-

pretation inherent in animal studIes,and set up a three year longitudinal 

study wi th hurnans. Intra subj cct C!omparisons \ were derived by using 

castings to fit d~'al margin preparations. that is to say the 
'" 

.. 
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1 

~as prepared for a-sub and supra gingival section. Applying gingival 

and plaque-indices, there were no statistical differences for the margins. 

However, \~hen inflammat i~n \.Jas observed tit WolS on1y 'in the case of sub-

gingival margins, but of the 1atte~ on1y three out of t~elve exhibited 

this response. 

Amsterdam (1974), su~narizing 25 years in periodQntal prosthetics, 

says "the least desirable ,Place to terminate, a margin il j~st supra­

ging1vally" since it is the free gingival mahin ~hich is the area of 

greatest plaque formation. Amsterdam advises a restriction ta partial 

coverage if a completely supragingival margin i8 the treatment required, 

otherwise margins must be mettQrlously prepared and placed sub-gingiva11y. 

Yuodelis (1973), feels thh "the merit of a good casting must 

not'be underrated", provided that over-contouring is avoided. A casting 

- ~) \ 
may set up an environment for dramatically improved healing where 

previously it was inhibited}because of underlying s~ftened carious dentine, 

erosions, old cervical restorations, and deep f~rcation involvements. 
".' 

Thus Richter and Ueno tao were lead to- state that inflammation is not 

axiomatic following full crown therapy if of excellent marginal fit and 

cdntour. 

" 
Waerhaug (1953) alsq feels that it is probable that weIl 

fit ting crO\Jl1S may not cause' sufficient irritation to cause a deepening 

of a pocket. He 

of cement margin 

come closer than 

do eS not qualify'a ~e11 fitti~g casting frim the cŒ9cept 

sea1, but doo. stato t~crown margin must not 

O.4mm to the epithelial attachrnent. 

Waerhaug observed "in one case where the preparation had 

passed beyond~he bottom of the existing pocfet, and where the crown did 

not comp~etely cover the preparation region, reattachment was attained aIl 

,.. 
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the \,lay t~ the c~~rvical marvgin of th~ cro'Wil." 

il 

-t;: 

Many authors, Waer~ug (1956) and Rosen (1964) conunend the"" 
\(, 

,gingiv.:!l respon"il! to gold fOil, which ,if \:u:erbly pro.duced most I:le.uly 

achieves the optimum properties for the given ~vailable technology. This 

, becom~s due firstly to the rigi~ discipline of the technique, then to 

the very close adaptation to the maIgin without the presence qf an inter-

vening cement line, thirdly to lts potential h1gh burnishability and 

'. pol)fh which implies low surface porosity, and lastly to ~he lower free 

o ~ 

surface energy which lowers its wettabllity and minimize' plaque retention. 

(Glantz ,-~%9) 
1 

In comparison, Glantz found that dental porcelairt, silicates, 

cobalt-chrome alloy, stainless steel, and corroded si ver-tin amalgam, 
, \\, 

have high surface energies 'in excess of 10q dynes/cm whereas organic oral . 
,. " 

liquids and plaqu~ have sUFface energie~ around 55 dynes/cm. The higher 

surface energy ~f a solid, the more easlly wettable lt ls by lower 

surface tension Itquids. Thus in overall comparison, both enamel and 

dentine With a critical s~rface energy of 46 dynes/cm are less likely to 

be wetted by plaque than ~ny foreign surface clinically useful or available. 

For exampIe, the mean surface energy between stimulated saliva and poly-

tetrefluoroethylene' plates is only 30 dynès/cm, but this i~ unusable 

clinically. Also to note, heat cured poly,-methyl-methacrylate has a IQw 

free surface energy,041.2 dynes/cm, but-because of porosity and liquid 

absorbability, it ~s unduely retentive of plaque. 
D 

Of interest, tooth structure exposed to topical fluoride has 

1 
a reduced free surface energy which may facilitat~ its self1cleansability. 

" ' .., , 

T~ cont~ct presence of lac tic acid i however, raisJs the free surface .. 
o 0 
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energy of enamel and deniine ren4ering thcm hydrophilic Intil ,subs~-

quent ly '!ppl isht:"'d vith pumice. 
Ir "'-. /. 

The Ginsival Response To Rcstorative Procedures. 

a) Preparation. 

~se of any rotary instrument, e 

cntire crèvicular epitheli\lm. 
o 

and heals, accox;ding ta 1-laerhaug ( 960) 

days, and according to App 

b) ImpressioJs. 

Harrison (1961) .... 

r, 
rubber ~up, may remove 

the injury i~ reversible 
o' / / 

oë (1968) within f.ourtee~/ /' 
~ \/ 7 

ird~~Y':>\'L\' ! 

~ " . 

ntrod~ction / • cotton 

string into the gingival cre~ice causes ~ell injury. ;~pregnated st 
/ 

llQwed ta hea! against clean tooth structure 

airecment. that lesion 
. 1 1) 

leaye no permanent dajnage. 

shoved greater damage. There is though sorne 

Stein and Glickman (1960) observe thatlcopper band imp ssions 

requent1y detach gingival tissue from the root face. Howeve ~ it was 
~ 1 / 

fe1t that,this was temporary provided no particles of corn und or wax 
\ 

/ . remain in the,area. 
1 

/ 
c) Cementation. 

/ 

Waerhaug (1953) descrihed the exce residue of cement 1eft 

uncleared from a gingival sulcus as a "st ng irritant". 

/ 
/ 

/ 

/ 
/ / 

/1 

/ 
/ 

\ 
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TO FtT. 

.' ,117" ;' 
;p1 '41}'7 'Y - , / ! 

, /:/.#,~>.1}, ~'~<é 

" several 

Passive fit of .-/ ,/ /' " 
1/ / 7 7 JI 

4) Overextending 

5) Increasing the tape ,/of"aXial p~:ept{~//f~~a]l~, // Il' 'i 
/

/ t / /' ~'Y'///' ~?r / / 
/ / p / /' /' / ' • / 

1)/ InternaI ,~' R'elief;~:''YP' "/ 'lj/ / / / 
/ ~ /" / 

In ObSOrV~~)V~ t m,\re rec se the, // 

of an inlay, espace is required for cement. /H/ etched f:j,t / 
/ // / 

surface iI~} for up to 30 minutes, find1'ng /this es:, Y'llY 
impo1ta~/'" for full crowns. !,' / 

Bassett (1966), by measuring the total ve~tical displacement 

\ 
durOng the cementation procedure in vitro, compared the effects of 

ripping and venting vers~s that of non venting, the load being 45Kg 

and app1ied for 10 minutes. 

The Total Vertical, Cementation Displacement and its Improv(>ment,By': -, 

Venting. (Bassett,1966): 

CroWh l 

Electrostripping l70pm 
(150 seconds and 50 seconds) 

Then Venting 20pm 

\" 

Crown II 

Aqua Regia Stripping 
(5 minutes) 

Then Venting 

150pm' 

Jelenko put out the Blectro Dip unit for reverse electro­
/ 

plating advising a 30 second application. However. tests by, Igarashi 

and Woelfel (1970), upon a fIat strip of den~a1 gold alloy evidenced only 

\ 
\ 

a removal of 6pm after 30 seconds, ~hich 'Would not be clinically significant •. 

\ 
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\ F;usayama ef al. (1964) invèstigated the effect of the 
, 

application of nail varnish or tin foil to the dies. The lack of seating 

was improved by 34 to 44pm. There was 'no significant difference betwecn 
\ 

the two methods except that the varnish was less controllable and could 

produc~ undercuts. The results obtained with the tin foil rel1ef .pro-
-ow.. ""'\. 

-
cedure vere superior to that ob~ained previously by venting. Very 

similar improvements of seating weJe obtained by using foil relief on 

only the b\!cco-lingl.lal aspects, and was considered the most easily managed 

teclmique. Since the foils used were very thin. it was claimed that 

nothing detracted from the retention properties of the casting. According ... 
to Fusayama, direct internaI surface relief using dental burs has ,the 

disadvantage of irregular 10ss of bulk and consequent uncontrolled 

cement lute thicknesses. 
--t.,. 

IThe question has, ho~ever, been asked, what oeeurs to the 

retention properties of a crown with internal relief, and if seriously 
j 

detracted should the procedure be dropped in complete favour of venting. 

A stl.ldy by Jorgensen and Esbensen (1968) shows this not to be a serious 

problem from the point of view of overall crown retention. 

2) Venting. 

Jorgensen (1960) stated that hydrodynamics are the prime 

consideration in aIl c,ementation wO~Î' \, the principal ,rule to obtaining the 

{hinnest film being ta produce ~he maximum cement flow during the initial 
, 

stage of the cementation process. jWhen considering th~ physics of, 

viscosity, Jorgensen finds it mor~ difficult to conceive of cement 
1 _ 1 "'\ 

'f 
flow~ng gingivally uphill througy the incteasing wedge of the taper, th~ 

for ~t ta flow occlusally thrau~ a vent, sinee this eould occur rapidly 

and early. The average film ~1ickness of 33pm at the gingiva for a ten 

___ '" .. ~. 

L 
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) ) 
dcgrce taper fell to 17. Spm when the eroWn was vented, but for a t\Jenty 

// degrce taper, the drop was from 24pm non-vent éd ta 

Ô11 y 16% .. 
~ 

Also in rJorgensen elainfed that defe~s in the cernent 

the 1iquid/powder filtration effeet can be virtually e1iminatcd 
- \ 

fi 

by an occlusal vent which a110ws a liquid flow both occlusa11y as weIl as 

gingival1y and thus reduces the filtration exce~s of'phosphoric acid at 
...... ~l • 

the periphery. The iatter is discussed subsequently. 

Fusayarna ~t al. (1964) dUfer, indicting the technique of vent-
\ , 

ing as inconvenient, and advocate other methods of providing sp~ce for 

cernent. 

In a venting study by McCune. Phi11ips et al. (1971~ the range 

fell from 32-76pm at the axial wall, unvented, to lO-46fm vented. At the 

occlusal, themean fjall. from 476pm unvented to l41pm.. vented. There was sorne 

o variation depending on the catagory of cernent used. It should be noted that 

the high unvénted readings were in part owing ta the 100: perfeet fit 

COnÇ~pt of the rnethod used which ruled out an innate space for the cement lute • 
• 

An in-vitro telemieromeasurement study on extracted tooth pre-

parations (5-7 0 taper) by Jones, Dykema, and Klein (1971) sh~wed that ~~ 

vented crowns seated Iurther with respect to the mean differences pre- and 
1 

post-cementation. The vented m91ar group always showed the least mean diff-

1 1 
erence between the vented and non-vented ca"gories. Throughout, it ap~eare~ 

',- ' 

that the molar crowns 'seated Slight~y further than the premolar group. 

The- only catagory showing a si~nificant mean differenee above 40pm (A.D.A. 

l~it, Specification 8) between vented and non-vented castings was the 

----- < -" 
natural tooth pre-molar group, the largest difference being 92.'34pm 

f 
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\ 

on the buccal margin. This bears out other observati~ns of the effect 
~.., \ 

of occlusal constrieture. The opinion ~as held that vented crowns, be-

cause of the decre~sed resistance to cementation, could slip pa st any\ 

Interferences ~hereas non-vented crowns ~ould not. but this was not proven. 
\ 

Courtade (1966) recommends the occ1usal venting of crowns to 

permit fu~l seating and to minimize post-operative sensitiv~ty caused by 

the pressure of the cement liq~id on the many open dentinal tubules. 

Experimental evidençe from studies on dogs and m~nkeys by 

,Bender; Seltzer and Kaufman (1959) using cultures of Streptoccus Faecalis 

. 

shows !that pressure from anlimpress~on frequently forces micro-organisms 

through the dentinal tubules and into the pulp. Venting will reduce the 
• r 

"\ 

required seating pressure for the sarne fit. C~re must therefore be taken 
~ --- '. 

to clean any preparation of saliva, blood a~d plaque before cement~tion, 
o , 

and sorne opera tors advocate the prior use of a varnish, as a preliminary 

seal. 

Kaufman-(196l) agrees that venting will al10w further seating, 

and will increase the retentive ability of castings by 19-32% as a 
1 

consequen~e of the improved adaptation to the preparation, and to the 

actual inerease of covera~e in the marginal area. 
J \ 

3) Passive Fit of Castings • 

-i \\That might appear to be a very precise fit of a casting may in 

reality be due to binding ~t undeterminable locations which in fact may 

be inhibicting further seating. McLean (1971) 

The work by T_etJruck and Mumford (1966) on uncemented castings 

indieated that aIl veneer castings tend to bind-. Furthermore, any snug .. 
binding~~~t~r~ions have no innate space~available to accommodate the exp-

>.----
,ected current cement parti cIe th~c~ess, and thus lift poorer regions of 
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fit before cementation into an incrè3sed discrepency after cementation. 

(Kurosu and Ide, 1961; Kauf~an et al. 1961) 

Attempts have been made by Fusayama et al. (1964) tocpr~uce 

extra expansion teçhniques ta produce a passive fit casting \0 ~O~ide 
this space. A goal of more than 30pm spacing ~as estab1ished t~revent 

" a significant occlus al displacement of a veneer casting on ce,men tation. 

\ 

l ' 
Ho~ever, a~cording ta ~he data by Basrett (1966), ot~:r techn~ques by 

acid e~hing' and reverse ~l~ctropla'~in~ ~~~e not :'t~e 'whole ans"We.r ta 
\ 

further seating. 

"' Kaufman et ~l. (1966) found no correlation in vitro between the 

~ J "' mecnanieal grip of'an unc~ented casting 
_/ 

and its retention value after 
f ... 

cementation. 
J ' 

Un;emented rete~tion values r~nged from 0 ta 18.3 lbs •• 

However. not only was there no correlation b~tween the unseating loads 

fefore and aft~F cementation, there was a 

of -0.11 after 25 trials. This suggested 

s~,~,ght negative correlation 

" 
that tïghter tug back fits may 

encourage a thicker overall cement film after cementation to atov~at 

for optim~ strength, whereas more passive even fits performed better. 

\ / 

4) Over-extending ~e Gingi~al Margins. 

Unless a compensation is made-, the design of, a preparation margin 

has a great influence on the width of tl1e exposed cement lute for a given 
\, 

degree of vertical displacement during, cementation of the casting. 

Fusayama et al. (1964) found exposure was greatest 6n the 
" 

shoulder preparations, being the lack of vertical s~ating (Fig.14) 

When a~chamfer was used, the cement line decreased depending on the inclina~ 

tian of the charnfer. The width of exposed cement pf a shoulderless crown 
1 

{remained minimal and: more constant regardless of thè tack of seating, and 
1 
f 
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\ 

W3S more a pure fu~ction of dimensibnal accuracy than of a reflection 

of the occlus al cernent build-up. 

Bassett (196'6), ci tes the advice by Smith and Potter.(l928) 

to overlap the gingival margins of cast crowns in the\wax-up to comp­
-1 

ensate for finish1ng and cementation. The m~rgiPS in the curr~t study 

were generally degrees of chamfers prepared by a 260-8P diarnond pôint, 

and the wax-ups were taken to just overlap the charnfer margin rather 

than butt joint to it. Other workers have incorporated a heavy apically 

1 
inclined bevel gingival to a shoulder preparation ( Stein 1.975) J, so that', 

li "-
the cement.lute will remain mInimal for any g'iven vertical displace.ment 

of the casting. 

,1 

The inherent periodontal dangers of permitting an overextended 

margin tQopo~sibly re.main post cementation of the casting have already 
(" ' / 

been discussed (Waerhaug 1953) , and will be discussed further in the 

curren t s tudy • 
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PROPERTIES OF CEHENTATION. 

;;,./ These are a -function of the rèÙtionship' of the properties 

. / 
and str~ctur~ of t~e cernent to the shape ~f the Inna~e space between a 

() 

casting and the tooth preparation, in conjunction witn the seating load , 

during ëementation. 

Smith (1971), states that the aetua1 film thickness achieved 

under ideal conditions is a function not ~n1y of the particle ~ze of 

the powder but also of the viscosity characteristics of the mix, the 
1'1 

D 

type of applianee being cem~nted. and th~ circumstances of cementation. 
1 

Structure of Zinc hate Cement. 

action of "mixed phosphate cement produces a composite 

structure which i 
~ - . 
re eated in other systems. Non-crystalline phosphates 

1 
'of zinc, magnesium and aluminum are formed which surround u~reacted cores 

of larger_ cement particles •. ,(Savignac, Fairhurst and Ryge, 1965). Better 

cement properties are achieved from cement mixes cqntaining the minimum 

amount of react~ matrix. 
1 

"~ 

In 1967; the revis ion of the American Dental Association, 

Specification No.8. was brought\in~o line with the Federation Dentaire 

a 0 

International, Specification No.6. ta classif~ two types of phosphate 

cement on the basis of particle size. 

Type l'has a permissible maximum film thickness of 25pm,and 

used for the cementation of castIngs. 
\ 

" 

Type ,II bas a maximum film thickness of 40F~ and i8 pr~ferred 

for aIl other purposes. 

" 

\ 

\. J 
( 

\ 
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Jorgensen and Weters~n.(1963), in work on the grain size 

distribution in phosphate cement, found that, 4urin~ initial cementation, 

the viscosity ff the_mi~ beco~es the predominant determining.f~c:or for 

• ." 1 

seating. Yet under favorable conditions~ which dèpend not only on vis-
, \ 

cosity, but also on' the 'stze and d-uration o~ pressure, and on thl! shape 
, .' 

and approximation of the surfaces, the film Fhickne~s c9n be·reduced to 
, • -,1 , 

t~ size of the largest powder particles. Th~se in turn'~y pe furt~er 

c~ushed until the increaSing' uumber of small'er particles ca,n w\thstand the 

, ' 

full cementation/pr~ssure~ Thus a concept d'f an effective grain size 

become,s m~re important j.~f?rmati~ for a cement produc,t t~an !t,s particle 

size distribut~n the pure powdkr forro. Both Smith, and Jorgénsen 

~ and Petersen question the r~lation of current Specificatio~.~esting ~o 
\ 

1 
this clinical situation. 

Sch~uboe, paff~nbarger,'and Sweeney (1956) show~d that f~r some 

resin ce~ents a film thick~ess as ~low as lOpm" can be a~hieved l but in 

-
'clinical practice the;resins have exhibited poorer prognosis in ot~er pro- ' 

" 

1 • 

perties than have the weIl tried phosphate cements. The latter have c4anged 

very little over the Jast fort y years except for a reduction in grain size . 
. , -

and a reduced solubility rating as by the A.D.A. specifica~ior~: 

-
Cement Filtration Effects. 

It became apparent to Lange in 1955 that correctly ~ixed phosphate 
) 

cements will separate~back into powder and,liquid phases during the cementa-
I \ ~ 

tion of veneer crowns. 

" ~ 1 

Observat1onpy Jorgensen (1960) of the response of phosphat~ 

cement ?etween fIat plates see~ under, a mic~o~copet showed how thè larger 
, , 

groups of wetéened cement particles, mostly between 20 to 50pm, ~clump () 
,,' v \\ 

together. When the compression approaches the 4iameter of these c~umps. 
\ , 
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,the higher, viscosity 0f the., lâtter causes it to be squeezed out more 

"-;. -::>-~ \ 
slowly than the .s}~rrQ'tiud-1ng medium, but owing to the differént pressures ~ 

f ____________ 

in the se lumps êentrally as compared to at its periphery, t~~a 
L-----~ _ 

r ___ --------continüed fluid movement out to ~aca-~eripliery. The liquid phosphoric 
1 ---

acid component is filt~red out frgm the clumps of particl~s sueh that 

-------

each periphery ~ay ha;e 'been washed completely d~voi_(l of -powder. _____ ~~------
----- .. - ~ 

• In cementation of a veneer casting. the ex,ces:; ent is 

~ ween the conic'al Isurfaces of 'th:'" forced out through the narrowing~ 
--.,-----­

cro~d, preparation. When -this space 
_A qî .. 

is small enough ~o jam the ~argest 

part i,cle clump~. filtration will begin. 
" 

factors ";'feCti~ the Degree of ~iltratiOri Beneath Castings as Determined 
1 

, , 
by.Jorgensen (1~60)._ 

" 
1) Increqsing the ~eme~at~on p~~ssure. 

This increases filtration since the extra expression of cement 

aIS; expresses. more liquid thro~gh the filter. 

2) Short duration pressure. 

, J' Prolongatiolhof the seating pressure beyond one minute had no add-

itional filtration ~ffect. (Born out in pre~ious observation by Jorgensen 

in film thickness studies). 

3) 1:ncreased cement viscosity. 

This effectively reduces the filtration because of the reducedp
' 

l' 
total flow of the cement. However, this method~ould be no use clinical~y. 

4) Taper of the preparation. 

~mall angles of ~aper increase-the filtration effect markedly 
,." -.q, 

because the width of the slit betwe~n the axial preparation and the casting 

decreases the'most rapidly during cementation seatJng. Ce~ent will pass 
\ ) 

through this diminishing space until either the occlusal excess is cleared, 
.1 
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or until the slit becomes so/Oarrow that tie cement flow cease~ 

b:cause the~:~~;::th b~nding o. because the ~idth of the' 
~-- ~ ~ - -t __ - -

eff~~~e~grain size has been acl1ieved. 
- -~-

,,5) Internàl surface relief. 

\ If relief is provided over the ent\ire fit surface eJcept for 

the terminal two millimeters gingivall~, the cement lumps will be trapped 

occlusally to this zone, and once the ~iltration effeet ls started, there 

maybe a wash out of the important gingival cement by the liquid eompo~ent 
J 

expressed. 
j 

6) Occluso-gingival escape grooves. 

These cao be incorporated to assist the cement flow. However, 
1 

-' 

dilution of the cement film was observed from the lnlets of these escape 

grooves to the narrow slit be'tween crown anj preparation. 
/' 

7) Spot binding of the fit surface before cementation •. 

This may set up irregular ~arrow slits between the tooth and 
, 1 

casting, thus producing additional filtration zones with surrounding 

areas devoid of p~opèJ cement: 

8) Sh~ulder preparations. 

These exhibited no filtration differences from other margin 

finishes. The expression of cement ceased as soon as the gingival slit 

became narrow enough to trap the larger p01der lumps. 

9) Venting. 

\ 

A one millimeter occlusal vent virtually eut out aIl significant 

filtration wash out ,except across',internal' discrepancies, abd thus became 

the advocated optimum. 

Jorgensen pointed out three probable adverse effects of 

filtration. Pulp injDry may be a cqnsequence of the diffusidp of free 

j 

! -
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acid into the cut dentinal tubules. Als~, secondary" injuries t the tooth 

structure may follow where a cemen~ margin seal is predominat d by the 

phosphoric acid çomponent 
- \ 

an open margin. Thirdly, 

which.~y wash out more rapidly reiu~ting in 

insufficient re~ention may eyèntua 1; result. ~ 
" It should be noted that this data on filtration as obtainéd' 

using precision machined dies and machined "crowns". 

clinical picture is more ~omplicated since there are 

and fre~uent binding areas for filtrati~n eff)cts/ to 

I~e elated,true 

mor 

occur and, 

regions of poorer fit in which the space does not approach 

l" . 
filtrption prerequisfte. Howev~r, 

1 
the m~re retentive the preparation, 

and the nearer~spects'of the casting-fit to below 30pm, the greatet ,< 

the likelihood of the phenomenon. 

, 
Seating Force At Cementation. 

Since virtually aIl previous studies have been in vitro, 

choice for the seating load-has been empirical rather than rational, and 

then rated ~ccording ta thJ optimum cement film thickne~s arising from 
, 

the range investigated. Such optimum forces may not be achievable under 

normal clinical practice, and as such becomes add~ argument for venting 

.-/ l ' 1 

where thë cement resistance is reduced and a lesser more manageab1e 
1 \ 1 

force is sufficiènt for optimum seating,'as advocated by Kaufman et ar. 

(1961) Courtade (1966) and Jones et al. (1971). 

C1inically the methods ~sed for aJp1ication of the seating 

force are mastication pressure via wooden sticks, gauze, cotton, or rubber; 

automatic and manual mallets; and strong finger~su~e. 

, 

r 
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~ Fusayama and Iwamoto (19~1) de?cribed the relationship of the 

; c~~lm thickness, held between 0.0 metal plates, ta the compressive 

load as a hy;--erbolic curve with the lowest critica1 point at approximately 

30pm.at a loading of lOKg .. \ 

In similar load experiments on cements films between glass 

pl~tes, Porche (1961) found that an increase above 12Kg. produced no 

significant decrease in the film thickness. / 
Fusayama et al. (1963,1964) found that the film thickness beneath 

unre1ieved crowns,was readi1y reduced dbwn to 40pm, but to drop be~ow 30pml 

required a sudden increase in force ta Iverc~me the cement resistance. 

1Re found, howeve,, that 15Kg. was suf icient everr for non-relieved~ 

cas ings, and that there was essentî lly no improvement in seating 

whe e this was'iaised to SOKg •• 

} 

nes es 

; ~ 

Joriénsen 

above'a SKg. 

(1960) found very 1itt17 improvement iq fil~ thick-

load. This was, however, between precision machined 

die 'and "crowns". 

At .5Kg. the average film thickness was 47pm. 
1 

At 4.0Kg. the average film thickne~s was 29pm. 
J 

At lOKg.' the average film \thickness was 22.)pm. 

Other laboratory studies may have used excessive loading ,< 

1 

relative to theftrue clinical situation. Bassett (1966) used 45Kg. 

In retention e~periments, Kaufman et al. (1961) used a clamp exerting a 

40Kg. jcementation load. McCune, Phil1ips et al. (1971) used a stat~ 

33Kg. load app1ied through a modified Verticulator. The latter was 

a150 adopted by Jones, Dykema and Klein (1971). 

Alternatively, Colman and Kirk ~~65) used hand pressure 
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only, and Christensen (1966) u ed a tlsimulated masticLreggure .. 

~he point of an orange wood st ck squeezed between~oth pucks by hand. 

t!An objective 'n of the clinica1 ,situation to the 

laboratory model' was made 

~train,gauger recorded an 

closed in th/e molal' region 

Tieve (1969). /A bite fo!k with electric 

force of 90 Newtons as the patient 

This force wa~ translated to a seating 

rnass of 9Kg. held for onf minute in the in ~itro study. 84 ta 90pm 

cement film thfcknesses' were recorded beneath the full crown gold 
\ , . .. 

castings under such 10ading~ 

The clini~al study by Mm Lean (1971) on ce~nt lute replicas ' 

used ~ct~l mastication/pre sure ~ppliedJVia a rubber 

tgarashi, d~ring exper~ents on the effects 
\ 

mat. 

of venting, found 

l that patients produce masticatory force in the bicuspid 

region, but that this ra~idly duri~g the first minute. He 
1" 

via 

therefore, sugg~sts that complete seating requires rapid seating and that 

this implies venting. 
f 

It should noted that,si~ce masticatbry closure operates 

ori the principle of anterior ta the masseter, 

seating a ~asting masticatory pressure would appear ta be of a 

greater advantage more posteriorly it is act~ng. 1 

Murata (1967) in seating~experiments with unvented bicusp~d 

crowns showed th~t the optimum availab1e force for cementation c1ini~ally 

was via the full mastication force in direct centric occlusiOn. 
1 cement lute , 
(at the occlusal) 

Mallet plus finger pressure 

Wood stick 

Centric occlusion 

" 

2[O-30apmo 
120-l80pm_ 

/ 60-150pm" 

, 

\. 

1 : 
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'. > Influence of Duration of --Cem~ntation Pressure. 

Most authors applied the_chosen pressure for the official 

~~n~ time of the cement used ~lys a safety m~rgin. Since a patient 

'-may not be able to sustain thi:; force adeQ.-uately, the findings af 

Jorgensen\(1960) are important. Fo~ phosphate cement at 5Kg. there 

was little\ improvement 'af~er one minute. 

At 0.25 mi~utes the average fi1m~thickness was 70~. 

\ 
At 1.0 min~tes the-average film thickness was 37pm. 

At 8.0 mintltes the average film thickness was 33pm. , 
1 . .,. 

.. 
1 

influence of Viscosit!. 1 
-r'" 

Jorgensen and Petersen (1963) and ,Smith (1971) state that the -

cement film thickness is a function both of o~he Viscosity1and ~he ~artic1e 

size. During initial cementatiôn. the viscosity is the d~termining 

. factor resisting the seating pressure. 

\ 

1fI.." \ • 

Jorgensen and ,Petersen felt that the current cement consistancy 

test, A.D.A. Specifica~ion,8., 4,3,2. is in reality ameasure of the 
1 

viscosity rather than of the effective grain size, unless there were 
" 

very coarse particles present in the powder. This was concluded because 

extention of force and time beyond that of Specification 8. will cause 

further extrusion and compression of the setting cement. Modifications 
1 

have been suggested, but notwithstand,ing, the Specification test stands 

as a useful comparison. 

Assuming proper mixing and prompt insertion, the viscosity 

of phosphate 
/ 

ceme~t ls a functiJ' of the powder/liq~id iati~, the temp-

erature~ and rapid1y ~ncreas~~with time which renders'furtber expression 

of the cement ~orrespondingly difficult f (Jorgensen, 1960'. This causèd 

J 

1 44 

F 

'NF' 

1 

1 
~ 

.'1 



t -

1 

r 
l 
f 

~ 
~ .... ~_ .. -.; ....... -.. ""-_ ... -...... , .... -------------- ------~-------

o 

Jorgensen ta recommend that a very lo~ film thickness can be obtaine~_by 

applying cementation pressure (4Rg.) for one minute, using a rather thin, 

cooled cement mixture (O.7gm.powder/O.25ml. acid, and l2°C.) under an 
~ 

occlusally vented casting. • 

A comparison.of the flow properties of Impregum to ~i~ Phos~ate 
ceme\lt, which is ~n important basis for thi~ paper, is found under Materiars. 

Oblique Seatin&. 
1 

Invest~gations by Lange (1955) sho~ed that cemented cro~s 

a1ways seat obliquely on their preparations. The cement film was often 

found to be very thin occlusally on one of the tapering <aXial surface5t 

and at it5 thickest on the opposite axial surface. His expe~iments sho~ed 
! 

that filtration occurred at the narrow slfts on either side of the close 
, 

c:ontact zone. 

Jorgensen (1960) found that aIl castings seated slightly ascew 
1 

f;Jlowing cementation. He felt that this was an inevitable consequence 

\ 
of the hydro~ynamic conditions existing when two conical surfaces separated 

"- , 
\ 

'by a tluid medium are compressed together. The end result is an une ven 

gingival discrepancy. However, where the ~~~ultant average film thick­

ness was thin, the obliquity was at a minimum. 

Similar oblique se~_ing was discovere! by Bassett (1966) even 

though a guide groove had been incorporated into tbe preparations. 

1', Aware of tbe effect, McCune et al. (1971) developed a modified 

Verticulator ta standardize, the vertical seating of their castings in 

their -investigation of vented castings. ' 

IJones, Dykema, and Klein (1971) adopted the same equipment,.but 
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used precise television micromea?urement to record the gingival margin 

disc,repancies. No sJ;atisti,~ally Signi~~cant 1 dif,f etence was detennined 

/between the buccal and lirigual'~ement lutes at the crow~ Dargins, which 
~ 

was ~ontrary to the observations of aIl previous inv~stigations and to 

1 
the findings in the current study. However on reflection, this is not 

50 surprising, since oblique seating can only occur in conju~ction with 

sorne vertical cementation displacement, which if minimized by a success-

oblique seating. 

\ 

fuI venting procedure wou1d reclure the expected 

Nevertheless any guidance factor resulting from the use of the Verticulator 
\ 

1 
must be investigated, before the above conclusion can be drawn. 

\ J 

o 
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Cm1PARISON OF D1PRESSION~TERIALS. 
C1ass 1 Impression Compounds. 

1 

Skinner apd Phillips ,(1973) describe the coefficient of 

1 
thermal expansion as considerable relative to other materials: ~amely 

0( == 250 x 10-61 Oc as compared to 150 Je 10-6 / 0 C for polysulphide rubber. 

For compound, thi~ may amount to an average contraction of 0.3 to 0.4% 

merely across the thermal fall,from mouth to room temperature. 

Combe and Smith (1965) describe a volume expansion as large ,y" 

as 1.38 to 2.29% over the same temperature rise. 

\ Specification No.3 of the American Dental Association ,aJlows ' 

a maximum flov of 6% at IDouth temp~raturë and 85% at ~~~.' ;0' this degree 
_l. ~ 0 /-;-.............. 

any distortion_follovi~g ~gmoval from the in vivo prepartion may,have ~o 

,," " 'rêc'6V'ery.- but" -~l1ri:f~~lly, tl1is is presumed negligible. 

Roydhouse (1962) ?&scribes that compound materials will cool 

unevenly since they exhibit very lov thermal conductivity such that any 

central portion will lose heat more slowly. Since the material contracts 

on cooling, the central core cooling the most slowly, will a1so be the 
1 

last portion to contract. Meanwhile the oûter parts are ~lready hard 

such that the force of c,ontraction mai not be completely compensated 
> 

by flow which may incorpora te in a residual stress in the thicker sections 

of the material. 
1 \ il 

In addition, since the flow of the.material relates to its 

temperature, late manipulation ~y not completely reorientate the 

molecdlar structure which will then tend to return to a mOFe stable shape. • 

1 
Phillips (1973), thus suggests rapid pouring since the relaxation of .. 
these stresses occurs quickly after removal from the preparation~ 

\ 4,7 
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Polysulphide Rubber Impression Materral. 

·Jorgensen (1957), using sections of polysulphide rubbeJ;' 

flôating fre~ on mercury, demonstrated a thermal constractipn of 0.23% 

from 370C ta 220C. This was verified by McLean in lp61 showing a 0.2% 

contraction. 

According to Phillips and Skinner (1973), the practical signi­

ficance of the thermal coefficient of expansion for polysulphide rubber 

is a 0.2~ linear shrinkage during this temp~.ature-ârop from mouth to 
...---

room temperature. Philli~at stone for dies is mixed at oral 

-----temper~sate for this shrinkage. 

Asga~ (1971) relates that a po1ymerization change occurs, but 

its degree depends on the test method used. A free floating specimen 

~hUS exhibited larger c~anges ~han tht~ of a restricted sample'as,in an 

~dhesive impression tray. \ 

The Dimensional Changes ln pOlysufphide Rubber Test Samples with Time: 

'. -Po1ysulphide Rubber A 

Polysulphide Rubber B 

(After Ho11enback 19~7) 

-0.05 -0.13 

Restricted Sample 
10_m1:.n~t~s"!'%_1 days..!,%_ 

1 
-0.10 +0.02 

\ --~ 0 ... Jo 
/ 

0.00 , -0.13 

Jorgensen (1957) determined this linear' 'contraction to vary from 

o 
0.13 to 0.39%lafter 24 hours. McLean (1961) found this ta be 0.25% after 

seven to twelve hours. The American Dental Association Specification No.19 

thus al10ws a permissib1e 0.4% con~raction. 

According ta Specification 19, an elastomer Is requ~red to 

reproduce a line O.025mm (0.001 in.) wide. Work by Shippee (1960) on the 
( 

deviations of the dimension of casts copied by various elastic impression 

techniques demonstrated an average deviation of 0.0013 lnches for thiokol 

IU~ber •. For double pours this rose t:.Jil 0.019 inches. 
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Schnell and Phi11ips (1958) demonstrated that a more accurate 

impression is produced when the thickne~s of the rubber between a master 

die and the impression tray is reduced to an even{Y distributed 

The,theoretical 0ftimum (Bassett, Vander H~idl~ and Smith, 1969) may be 

lower but slight kdditional space must be provided to reê(uce the elastic~ 

strain during r~moval of the impression and ta equalize the thickness of 

the materia1 with that in the mesiodista1 direction. 

Braden (1966) showed that the setting of polysu1phide rubber 

is a con~inuous process with -no c1early definable set point. This agreed 

with ear1ier findings by Schnel1 and Phil1ips in 1958. 

Chong and Docking (1969) showed that particu1ar1y-for po1y-

sulphide materia1 the estimated c1inical setting time does not correfP~nd 

to the time when the materia1 attains its optimum'recovery properties and 

instead suggest a time re1ating to a permanent deformation test. 

Birt1es, Podshad1ey, Di1ts and Neiman (1971) investigated the con-

troversy 00 the accuracy of pouring po1ysu1phide impressions at various 

intervais after separation and alter a1iawing 15 minutes intra oral set, 

it was fouo~that the more accurate dies were poured immediate1y after 

separation. 

rl 
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METHOD ~~~ MATERIALS. 

Sample. \ 
\ 

Sixteen anterior teeth in ~ h"man subjects were 
" , .. 

in viVb f,or full coverage veneer crown estorationS. Of each, 

* 
. ' "-

** sulphide rubber and Dietrich's thermoplastic impression wa~ 

prepa.red 

a poly-
ti:--

taken as a 

pair. Each pair was poured, waxed up and cast together u;ing splits of the' 

saille 'mixes and investing .the pair together within{'the same casting ring to 

standardize the variables. A polyether elastomer was then substituted as 

the cementing medium for each casting. in turne l'he elastomer cement lute 
l , 

replica was then recovered, in the manner la ter des~r'ibed, photogra~hed, then 

aligned and 'sectione'd with its p,kir l!lember in the bucco lingual place for 

micro comparison. 

Preparation. 

Standard veneer crown preparat ions were made using a 260-BP 

diamond to produce a buccal finish line as a llght abiCallY inclined 

chamfer placed a half to one millimeter SUbgingiVaIIY./ 

Elsewhere the margin was finishêd to a less accentuated chamfer 

subgingivally. 

Teeth with major direct restorations or serious fluting were 

'rej ected since this was found te interfere with the subsequent wïthdrawal 

of the cement lute replica. 
\ 

To assist this withdrawal, 'the preparation 

was gently smoothed with a high speed silicone point*** ùnder a·water spray, 

**** followed by Zircate pumice on a "brush. ~Fig.l) 

*Kerr/Permlastic (Light,BgdY) 
Neo Plex (Heavy Body) 

~*Di~trich's Elastic Inlay! 
Impression Material 

*** 

. / 
Kerr Canada. 

Lactona Co. Philadelphia,Pa. U.S.A. 

Hygienic Dent_a,l Mig •• Akron,Ohio U.S.A. 

Dedeco Tan Midgets 
****Zircate Powder 

Denta~ Development and Mfg.Corp.~Washington. U.S.A. 
Caulk Co., Toronto, Canada. 
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",A. .. .,. 
, 

\ ' 

1 

;!.. 

,.' 

1\0 

Impression~. 

[J 

< , 

~e p>a1rs of impr~ssions were ta'ken by a single operator 
.p 

during a ,single appointment-and according to the ~Dufa~ttir~r's instruc-, 

tions. 
~. 

1 
- ! 

, 
Polysù~ële _Rubb~r 

Dietrich's 

1) 'Rétraction: * by 8% racemic epiMephrine string, Racord 1 

'" 
for five mintites. 

• 0 <. 
~) jMatrix: an ~cry1ic eus tom tray ~ith rubber adhesive. 

3)' .set~ .c~emic~1. Light body Irubber waSt syring~d o~to the 

-, f) ~~ Q -

pre~ration fo11owed up by heavy body in the tray. 

4) Time: ten minutes intra ora11y. 

\ 

. '. 

1) Retraction: by th~ exteffsion of ~opper band matrlx towards \ 

the epithelia1 attachment~ 

a ~:stoonéâ unanneal1~d copper J)and vith mu1tiplë 
! 

tiny retent/ion punctures from an 8/0 Busch** bur. 

Matrix: 

1 1 
r. J \ 

Set: la thermop1astlc and i8 firat conditioned in boiling 3) 
( 

vater, and then tempered during manipulation until flnger 

CoDuortablc! • Aft~r seatlng the materla1, it vas chi11ed vith 
/ 1 very cold tap water. 

- î 

~4) Time: Is three minutes lntra or~lly • 

. - The impressions vere pour.éd within tb~rty. minutes of recording 
. 

*** u~lng splits of the same mix of Ve~ix stone in the proportions of 5m1. 

.\ 
distilled water at room temperature to 20gms. of powder mixed under vacuum 

-:'" 

for thirty secortds. 
<t; 

*Rac.ord '-, 

UBU8~~ Burs' 

***Velmlx Stone \ 

\ 

Pascal ~o'J Bellevue,Wa., U.S.A. 

"Pf1ngst Co; Inc., New York, U.S.A. 
Kerr Can~da, Don Mills" Ontario, j Canada 
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Figure 3 

Split 'mix~ of ~ 

Impregum for 
sequential 
cementa tion of 
matched pairs 
of cas t1ngs. 

,-~- - ------ --;- -~--- --

\ 

/ 1 

-- , -x - q-- - - -- - - E5 

Figure 2 

taboratory phase 
completed. 

\ 

I~ 

Full seating of ' 
cu thg uncler ' 
heavy finger -
pre •• ure, fol10,We&-~ 

~intenanee under 
t1catory 10ad 

UDt11 "ceaeot" 1. 

\ 

, 

, 1 

, ~, 

/ 
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Laboratory Phase. _--------~ 
The wax ,copings were made by dipping and then redefining the 

margins. The margins were Just overwaxed to ~void a future butt joi~t 

or a short margin, to the ehamfer in gold. 

Each member~f each pair was sprued identically at an inc1sa~ 
1 

axia;~ne angle, then invested together in the same casting ring sueh 
~--~ \ 

~that for each ~air the in~estment properties, gold a110y and' tempera~ure 

\ .. 

was constant. New Class III gold al10y was used. 
1 

The fit surface of the cas~ings ~~i left untouched except whete 

there had been a sma~l bubble in the investment. The external margin was 

o taken down with fine sandpaper dises but there was no finishing or 
1 

burnishing of the gold against the tooth 

1 
Cementation Phase. 

structure,~.2) • 

1 

/ lndependent evalitions of the ';"eement./! fit' of the eoping. vere 

made using a new explorer in vivo by operatlve demoDstrators teaching 

in the graduate schoo1 of dentistry. Where either member of the coping 
1 
1 

pair was not accepted as good without criticism on any aspect of the margin. 

* ,Impregum , a polyether e1ast~erf was used as a cement lute 

repli~ for the normal cementing medium, owlng to its similar flow 

propertles to PhOSPhatJ cement. (Table 1). 

'* Impregum E.S.P.E. Co., Germany 

• 
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Figure 6 

Scutan pour bondS 
vith the recovered 
lute replica, which 
is subsequently 
withdrawn from the 
fif surface of the cast 
by warming it to obtain 
slight expansion. 

1 

, 
" 

-----~--- - ------------------------, 

" 

/ 

ligure 5/ 

Ce.e:nt lute 
replica withdrawn 
intact from. the 
tooth preparation. 

Figure 7 

lfatche4 pair of 
recovered ~ute 
replieas Bat up 
for seo ring by 
pbotodensity 
est1.matl.ons of 
lute th1.cknesse& t 
wb1.eh vas repeated 
for each of l the 
~l and marginal 
surfaces. 
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,~ 
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The copings were loaded with a split rnix of Impregurn (Fig\?). 
1 

and, at randorn, seated Qn the preparation firstly under, forceful finger 

""\ 

pressure through an orange wood stick, and then held under masticatory load 

(Fig.4) ensuring th~t the force was being applied as nearly as possible 

axially. Full set was afrer f~ve minutes, and the elastômericrproper-

ties allow the withdrawal of the crown coping from the tooth. In principle, 

r 
intact adhering to the fit surface of tDe 

\ 
the cement lute replica stayed 

ca~ting. In reality, th~s was a very delicate operation and often reguired 
, .1 

frustrating repetitiQIn. To' improve the predictabli1ty, a separating agent 

such as a silicone spray* was use fuI if allowed to dry thoroughly on the 
, -

tooth first" The preparations neede,d to be scrupulously cleaned ~et~een 

operations, with a sof,t gauze and water. 

Recovery of The Cement Lute Replica Membrane. 

The Impregum lute intact. on the fit surface of the eopings_(Fig.5)~ 
, , 

was gently washed with a water spray then left at ra am temperature ta dry 

cornpletely. 
1 

A cane of masking tape was wrapped around the coping to aceommo-

date the Scutan** epimine plastic that was syringed to the fit Sidf of the 
... 

cement lute replica via a shortened 18~ gauge needle. 
1 

.., 
• After one hour, the set campI ex was i~nersed in hot tap water 

for ten minutes. 

slight expansion. 

The metal 'coping-was then warmed in a ffame ta effect a 

A careful tug then parted the gqld coping from the lute 

replica sinee there ls a stronger, though mild, chemical ?ond of the 

*All Y~06e Sllicone Spray Dentsply International 

** "" Seutan 
Q ".:: ... 

E.S.P.E. Co., Germany 

\ 
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Figure Ja 
ParaUel 
aligoment in 
mesial di.stal 
plane. 

\ 

Figure 9b 

/ 

1 . - --

" 

Figure 8 

Placement of 
aCrYlic spheres • 
and axial align­
ment in bucco 
lingual plane. 
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Impregum to the epimine resin. (Fig .-6) 

1 

Photo6~aphicIAssess~ent. 

- 1 

- \ 

A photodensity estimation was made from Kodachrome II slides 

taken of mesial buccal distal and lingual aspectfs of the recovered 

membranes in pairs at a c~nstant subject distance of 32 cm. (Fig.7) 

An initial subjective scoring of the membran~ thickness was 

made at the actual fit margin (trying to avoid the obvio~s photodense 
1 

aspect due to the obliqueness. of the material across the chamfer), at the 

mid-'axial and at the axio-occlusal.·f A heavy thick l~te was scored 3, a 
\ 

moderate even density 2, and a thin or compression zone 1. , 
--

The scores wer~ later statistically-related ta the micro-

measurements obtained in the sectioning of the paired lute replicas in the 

bucco-lingual plane. (Table 9 ). This enabled the photodensity estimations 
\ 

to be applied with confidence to th/me~ial and distal aspects for colla­

tion of the distribution of scores of the fits in three dimensions. (T~le 10) 
ç/ 

Alignment and Embedding. . , 

Sectioning was requir~d in the bucco-lingual plane. This 

demanded a mutual alignment of each Rubber Dietrich' s lute pair to allow 0-)0 .. 
an immediate read off for each secti~n.(Figk. 8,9 ). , 

This was accomplished by first dropping the shortest dccluso­, 

, 

gingival axial line angle ihterproximally and measu~ing an identical distance 

clown this li~e'with a caliper for each member. At this mark, an acrylic 

1 * sphere was attached by.a spot of Copalite varnish. This allowed a 

sighting to be made'bucco-lingually to align the two members 

* Copalite 

-f 
Cooley & Cooley, Houston, Texas, U.S.A. 

\ 
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Figure 10 

Embedding and 
orientation of 
previously 
aligned matched 
pairs of recovered 
lute replicas, 
DOW mounted for 
lingual s~ctioning. 

Figure 12 

Sequentia~ planes 
of sectioping of 
one black. 

1 

1 \ 

<î 

Figure l~ 

Bucco-l~gua1 
microsectionin~. 
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,r. 

of each pair, the buccal aspects a1ways facing direction. The 
j 

drawn axial lines completed the ali!gnment in th remaining plane. ~Figs .8,9) 

) 

The/aligned pair was (hen framed by two Langle brackets to form an 

enclosed rectangle, and an embeddin~ pour 

~ 
The "buccal" end of the block was stained with 

\ ' 

tan was syringed in. 

-red organic dyJc , whicl;l 

igina~ing from the Rubber 
, 

a150 convenient1y desir;ated the lute replica 0 

impression source which as always that placed 
/ 

earest to the "ouccail' edge ,. 

of-the block. For contrast the lingual end tained green. 

/ 

"s~ctioningf \ J 

The Scutan blacks werl cemented ontoklastic mounting plates 
1 / _ 

\ f h Bill . i J. ** . /th l h1"d (Fi 10) or t e ronw sect10n ng macl~1ne uS1ng me y ene c orl e. g. 

\ 

\ /' 
The sectioning was along ~he aligned bucco-lingual plane using a 320 grit 

~ \ 

--~ diamond wheel of 200Pm.Widtp. (Flg.1l). A series of secti~ns were taken 
1 

of 150 dimension, thus furnishing from five to six middle sections 
1 

depending on the size DL the specimen. (Fig .12). ThT chemical adhesion 1 

of the embedding'~pour of Scutan limited any dragging of the delicate 
• 1 

elas tomer membran~. 1 

,Ir 
Transparent Dye'. 

\ 
American Handicrafts; Fort Worth, Texas ,U.S.A. 

** _ Bronwil1 Sectioning Machine. Hameo Machine & Electronics, Mbdel 503 
Rochester, New, York, U.S.A. 
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~c~vered cement lute replies m~~ements. 

f 

.' 1 

Seétioned in tbe bucco lingual plane. 

! 

H1cJ Axial 

LDlGUAL 

\ 

Fi.gure 13 

., 

1 

-:-- -

Axio Oc:clusal 
\ , 

, 
--;::==:::::::~---.- ---Occlusal 
Il -----b:lsplacemènt 

" \ 

-----

) 

Lack oF':·": .-.-.-­
gingival seat 

J 

1 

BUCCAL 

• \. 

~ • \ " .. \. Crown aargia 
lute 

- œ .mer:' '''''sr x~ 

-':-1 
1 

~ 1 

i 
1 

, 
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Da ta Coll ec t ion. 
'f 

~'1easurements of the cement lute replica thicknesses were recorded 

using a binocular microscop~ vith an eyepiece micrometer grid* graduated 

to lOpm 
\ / ' 1 

divisions which permitted 5pm readings ta be taken with confidence. 

The stereo arrangement made easy the chaosing of the mid-section 

p~ane sinee owing ta thè translucense of the Seutan emhedding plastic a 

dive,rgent eut through the dark Impregum repliea 00 a eurve rather that 

truly at the mid-section coulrl be quickly rejected. 

Recordings were taken at the crown margio seal, the ~ack of gingival 
" 

seat measured axially, the mid axial, the axio occlusal and the occlusal 
~ 

lute POSi/iO~S on both the buccal and lingual aspects. (Fig.13). 

* Bausch and Lamb Co. .. Scarbo~ough,Ontario, Canada. 
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Materials \ 

Imptegum. 

addition 

Impregum was chosen as the cement lute replica because iq 

to the r~qUired elast~ properties, its flow properties 

are quite close ta properly mixed zinc phosphate cement. It also bonds 
1 

chemically with Scutan plastic. , \ 

Table l ) 

, 
Properties -

'" 
Imp'regum Zinc Phosphate (De Trey) , 

(1 

... 
Film thickness 

22pm. 20pm. 
B. S •. J3,64 

Disk diameter . 
~ , 

F. D. 1. 'consistency tests 35mm 30nun 
(Specification No.6) 1 

~ -

Setting time 5 min. . 3 min. 
. 

"'" 
, 

Aft.er 11cLean and Fraunhofer (1971)-

• . 
Polyether mpression Ma terial. 

t 

< ' 

. 
TH.8 18 a :poly.ether base polymer which i5 cured by t,he reaction 

between aziri ine rings which occupy the ends of branched polyether 

1"-- " 

1 

molecules. 

Phillips (1973) state that "The main chain is 

probably mer of ethylene oxide and tetrahyàraf'uran." Cross 

linking and sett ng is by an aromatic sulphonate ester. The reaction 
1 

does not produce any by-products, 60 there i~ little dimensional change 

after setting. (G eener, Harcourt and L4utenschlager 1972; and British 

Patent 1,044,753 •• 
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Work by Pfannestiel in 1972 compared' twenty-two .thiokol, 

, polyether, and silicone impression material~, and demonstrated that 

~ 
1 > ' 

, 
• 

;'l! 

p lyd:~er {Imp'regum) was t~e most di;nensionally stable. 
~'-~) 1 

A similar result was obtained by Chong and Docking (1969) 

showing that Impregum and sorne silic~nes have a better el~stic recovery 

. 
than does'polysulphide rubber after deformation. 

'/ ' 

Scutan. 

Scutan is a plastic recently developed as a temporary crown 
1 .... 

and bridge resin. It i8 related to the epoxy resins in which the .. oxide 

df the epo1 i8 replaced by an imino group: hence epimine plastic.: 

(Marheime and Staehle, 197î). Scutan will bond chemically to Impregum,_ 

and ,~ence its usefulness to this study in' the recovfry and embedding 

of the elastomer lute replica. 

' , 
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RESUJ..IS 

:-.. 
The ~ecovered cement' lut~ replicas were aligned in the bucco-

i 

lingual plane and eillbedded a~ matched p~rs.·This p~rmitted cowparison 
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'nl~ df.!ta in Table 2 fndicates no statfstically signilicant 

di ffl~nmce ln the c(!ment 1 ut~ di 8crepancy at the crown marg!n between 

the ca!JLlnts l,l(!ljlve:d fraIn th~ Dietrfch's and Rubber impression r;ourcl!s. 
• ' 1 

HoweveT, a pattern of fit) favouTing Rubber ~X1_~oth the buccal 
, ,.-:.J , 

;Hld l J tl-~lJal' tn ing1n locatran"s of smaJ 1er 11leans and Jltandard deviations 

;~ than f-.«.r .Dle~r1:ch' fJ. 'This, wu seen to be FJubsequently repeated at the 
, , ~ 

other pr(~par;rl1on Bites ta a varying degree of s1gn1f1cance. 
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o 
Table 3 

/ 1 
~ 

j 1 

GI.NGIVAL SEAT DISCREPANCY - COMPAR15oNl"-'OY FIT- rOLLOWING CEMI':NTATION 

OF JSTJ!lGS OBTAIN'ED A)rER-RUBBER AND D~I';TRICHfS IMPIŒSSIONS. 

y 

PreparatIon 

A 

, B 

C 

E 

p 

G 

H 

l 

J 

... 

.\ 

K 

L 

M 

N 

o 
p 

Q 

n -
Mean 

S.D. 

Buccal 
t1 

, 1 e t r le h '..::8~' .;;.;.Ru.;;,;b:;.:b;..::e=-=r_d=.:j:.:f:;.:f:..:.. ___ ~D{~e;;;.;t:.::\ r..;:.f..:;.c.:.:,h....:.' s 
pm pm pm pm 

250 340 0.-90 290 , ' 
290 480 -19~ 230 j 
205 120 +85 190 

120 90 +30 210 

/75 
1190 

240 

240 

210 

450 

43~ 

2810 

70 

180 

290 

4? 

16 

222,81 

120.18 

-1 

210· -1'35 280-

50 +140 165 r 

2Sèr -10 / / 130 

280 -40, 275 
1) IlO +20 

200 +250 

op 160 +270 

270 

230 

90 

190~ 
80 ,,-10' 

65 +115 

210 

90 

16 

186.56 

H2.5ft 

+80 

-45 

16 

+35 

125.93 

.. -

170 

340 
-)170 

160 !I 

65 

16 

204 it>6 

75.81 

Pa1red t-1.11NS 

Rubber -diff. -------,IfIl' 

, ( 

pm }lm 

200 +90 

130 +100,: 

270 , -80 

130 +80 

2/~0 +~~ 

120 

150 

25 

Q60 

+45 

-20 

+250 

+10 

+50 180 

60 

2551$ 

75 

, 2600 

~ 

o +30 

-85 

+265 

-90 

25 +40 

~ , 

15 

158.~6 

" 87 ~"28 

15 

'i4S.33 

104.55 ' / 

t-l .. 79NS/ 
1 

',~_7'~~t_-_t_e_~_t-+-r __________ , __ ~ ___ d_f_._l_5 ________ , ______ ~_~~~~--____ -,d_f_.~~~ 
" 

'fable 3 ~ndicated n,o 81.ati8ti~ally o1gniHcant dHCen,-néefll in tbe mean ) 

f1nfJ,iVtll n(UJt dtljcrl~panéy of Ut b'etwecn thé Dlet.r.1t!h·" and RUbb:r '.' :'~ 

tfOUrc~I~. of c.::Jut1ng8, .te e1ther 'th~ buccAl Ol lingual Bite of IJl(HlrJ\JrI:mtmt."!) .'~ 
e • ~ ." 

A clo~~r mc~ f.1t 1. Hbown for Rubb0r dt bot.h the buccal and IJngual locatiun8. 
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Table 4 

MID-AXIAL DISCREPANCY - COMPARISON OF FIT FOLLOWING CEMENTATION OF 

CA~TlrGS_ OBTAlNED AFTER RUBBER AND D~ETRICH' S IMPRESSIONS. 
~---

Preparat1 Buccal T ... 1nsua1 

D1etr1ch's Rubbcr Idiff. D1etrfch's Rubber diff. 
pm pm pm pm, pm pm, 

A 65 80 -15 70 40 +30 

~----B 30 80 - -50 70 40 +10 -
, -

C 75 60 +15 85 45 +40 

E 110 30 +80 110 30 ~80 

~ F 110 130 -20 15 40 +5 

G 35 .. 35 0 105 80 +25 

H 140 125 +15 65 65 0 

1 175 130 +45 210 55 +155, 

J 70 70 0 ' \ 85 50 +35 

K 90 65 +25 220 160 +60 

L 85- 85 0 220 70 +150 

M 110 100 +10 140 100 +40 
! 

/ 
N 85, 60 +15' 60 1 85 -25 

0 80 105 -25 60 120 -60 
' . 

, 
P 55 50 1 +5 85 65 +20 

Q 20 30 -10 25 20 +5 

" 
x 

Il n 16 16 ' 16 16 16 16 

Mean 8~.43 77 .te +5.62 103.43 67.81 +35.62 
• -S.D, 40.32 33.66 29,65 62.17 35.63 51.99 

Paired t-0.7SNS • t-2.14 II 

t-teat '. df*15 df .. 15 

II In,U cs te. B .tst1sticBlly slgn1fieant differenc~ (p~O.05) 
lele, t! fi " JI " (p.çO .01) 

-,:;;r-_ 

. -. ..... ' 

The pa1rêd't-telt in Table
Q 

4 lndicate. s stat1st1c.l1y 81gnif1<ant 

4~ff~re~ce inr the mean lingual wid-ax1al d1screpaQcy between cnsting. 

der1 ved . trom the Di etrich f. and Rubber !mp rcuaion Hource~, wb1 ch ,w~. 

not evf3ent 4; tbe buccal. A c10ser melJn fit b ,hown for llubber B~ 
, .) \ 

both the bv~cal and 11ngual location •• 
, " , ___ 1 . 

, J 
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Table 5 1 

1 
G 1 

AXIO-OCCLUSAL DISCREPAN~~ - COMPARISON OF FIT FOLLOWING CEMl':NTATlON OF 

1 
CASTINGS OBTAINED AFTER RUBBER AND DIETRICH'S IMPRESSlONS. 1 

Preparation Buccal Lingual 

~ 
t $ • 

ietrich's Rubber ' diff. Dietrich's Rubber diff. 
pm ~ pm pm Jlfll }Jm 

A 130 -1-20 +10 90 120 -30 ., 
B 40 40 0\ 180 180 0 

C 110 '" 80 +30 40 25 " +15 

E 130 45 +85 90 10 +80 , 

F 340 90 +250 35 70 -35 

G 45 45 0 125 30 +95 

H 25 30 -5 180 120 +60 

, 1 170 90 +80 220 140 +80 

. J 60 90 -30 160 85 +75 

'K 210 100 +110 360 240 +120 

L 65 30 { +35 510 245 +265 

M 90 170 --'0 410 180 +230 

N 160 75 +8S 40 55 -15 

0 290 ~{ 210 +80 155 245 -90 
- " i P 105 45 +60 120 55 +65 

Q 60 50 +10 50 30 +20 

-
n 16 16 +~- 16 1~ 1.6 . 

1 

Mean 126.87 81.87 112.81 - 114.37 +58.43 
1 

S.D. 155.33 50.63 74.25 222.69 82.56 92 ;82 
Il Il 

'- Pa1red t-2.42 t"'2.51 
t-teyt df-15 df"15 

\ 
--,' 

At the élxio-occlusal position, Tabl~ S,' there ). statiuÙcally 

signif1cant differcnce. in the cement lute dlscrElpancies at hoth 

the buccal and] jngual locations, bcbee1'l castings derived frOID 
, 

Rübber and Dietdeh' fJ 1I1l}J!I!ufJ1on {wutees. A eloser fit j,.s dencdbed 

11'1 for aubbe~ st both Ifopects. 

/ 
69 
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Table 6 1 

() OCCLUSAL DISCREPANCY - COfœARISON OF .FIT FOLWWING CEM.E!HATION OF - i 

CASIINÇS OET AINED AFTER RUgY, Œ A,"JD JJ ŒTRICH 1 S IMPRf.JS IONS ~ 
Pre aration Dietrich' s Rubber diff. 

pm Ilm pm 
A 180 240 -60 

~ B 200 230 -30 

C r 150 110 +40 ""-
E 180 90 +90 

F 270 240 +30 

G 130 70 +60 

H 150 12'5 +25 - , 

l 245 140 +105 

J 130 ! 110 +20 

K '440 220 +220 

1 L 310 115 +195 
1 

}{ 320 - 220 +100 
1 "1 

N 105 60 -+45 }-
= 

0 310 327 -17 

~ p 310 170 +140 

Q 95 1 50 +45 
___ -1. __ 

n 16 16 16 

Mean 220.31 157.31 +63 
r S.D. 98~'fJ7 $0.21 76.42 , 
~ 

'" 
Pdred t"'l3.29** 

~ t-test 
1 df-15 

f ! '" ----- ------ ------;( 

..... 

Obs'erving Table 6, a statistically strong sign1ficant d1fference 

ex1sts between the m~an oéclusal cement lute d1.crePlbcies of 

the'Rubber and Dietr1ch's impression source. of castings. A 

clouer f 1t i 8 shown for Rubber. 

- i 

1 
/ 
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Referrlng in sequence to Tables 2 to 6, 1t 16 appàrent that 

the me~n difference in the fit of castings dr~ from Rubber and Dictrich's 

,impression sources 'Was mincfr l'ind stati6tically non sign1f1cant as me:)' 1Jn~d 
') 

1 

at the actual crown margin. HO'Wlcver, this difference progrcss1vely 

increascd axfal-occlusal1y to the (~y.t(~nt that toc rcsult at trIe occ]usal 

location could'be-termed stati8t1cally~hi8hly sign1ficant. Also, smaller 

roeans and standard dev1ations favour1ng Rubber were apparent throughout, 
, , 

and w~thout any 5tat1~t1cal reversals. 

Buccal ta Lingual Marginal Relationah1ps. 

1 The current data ~ppeared ta indicate that there might be)a 

pattern to bucco-lingual differences 1n the'mean cement lute d1screpancfcs 

1 
[or each sIte of Uleasuremc:nt. Of note, at the crown marg1n and gingival 

seat locations, the mcan cewent""IJ.ute th1ckncf:ôS and standard devlat;l,on at 

the buccal site were consistently greater than that at the I1ngUa~'posit1on 
) , 

For e~JfJPJ.e. tit ,the crown marg1n 
--

for both 1mpreBs1on sources of caBt1ng~. 

for Rubber, the mean lute th1cknC!68 was 85.93pm at the buccal location, to 

66.33pm at the lingual. This pattern was repeated at the gJngival seat ~ 
1 

position; for Rubber, 186.56pm at the bucr.:al to 158.66pm at the 11ngual 

aspect. 
/ 

Not unexpectedly, thilj apparent tendency for larger bUI::Gal dis-

crepancié9 8howed 80me reversais 1n the aspecta away from the crown marg1n. 
... ; \ 

This occurred particularly 1n the case of Dietric.h f s st. the mid-axial pod-

tion, where namely the Hngual aspect showed the largest lute th1ckoef:>B at 

l03.43pm, to 83.143pro at the bucêaL S1milarly, st the axio-occlucsal pOf:i1-

tion, the mean lute- tM clmeslJ at the l1ng'Jal WIJ8 l;Jrger than at the buccal 

locatJon for caHUnga from both Jmpre~~lon t.>OurcetJ. 
\ 
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However. fo.r the slmple studied. the application of t-tests 

r(~~ealed no stati'ttically significa'~t differ'ence between any of the bucco- \ 
~ , 

1 ingual mean values at any site of measurement. },(,!vertheless, a subt>tan-

tlating ob~ervation differences will be seen to reoccur 

13ter as part of the apparent 1-
of the tendency for castings to seat 

obliquely during cementation. 

/ 

Bucco lingual differeJ!ces will be a160 discussed in the context 

at th~ . ) 
of the inf~uence of margin design on \he cement lute discrepancy 

crown margin (Fig.14) for any given occlusal displacement. 

Occlusal Ma~nal ReJationa~~ 
1 

In previous 1eports, the occlusal displacement of castings 

resulting from the'lr cementation was taken as indièative of the average 

cem~nt lute thickness at the gingival margin. A direct'~elatlon waal 
1 

assumed, and the degree of ~rown-c~~ent-margin discrepanfY was calculated 

from the precir;e grwmetry of the Jstandard d~s used (Fig.14). However, 

arhing from obr.;erYi:i_t10ns- from the current atudy ('fables -2, 3, 6), this 

rel atiO'nship as a p~re fuection WaS Q!Jeat1oned. Correlation analyses 1 
" 1 

were made b(~tween the occlusa! and g1ngival aeat discrepancies, and be-
l ' 

tween the ocC!!uaal and crown m.'ligin diacrcpancJ.es. - (Tabl,es 7 and 8) 

1 . 

-' 
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Influence of tbe geometry of a preparation on the margin , 

discrepancy for a given occlueal dieplacement following cementation 
~ 

of a full crown casting. (Alter lussyama et al. 1964). 

ligure 14. 

, 1 
, 1 
Occl1J.1al 
di.,lae~t 

~ ! 

Occlusal 
di aplac.ement 

\ 

" 

-" _'"' Hargin 
'di.crépancy 

Influence of feather \edge, bavel, and ahoulder 

'preparation .. rgiD. 

\ 

\ 

.,. 

IDfluenu ot _lU of tapu, ,ar411al, .11pt 

euS M.v.~ .. ~. J, '1 

'~ , 
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Table 7 

OCCLUSAL DISCREPA~CY RELATED TO THE GINGIVAL SEAT DISCREP~~CY. 

Impression source Occ1usal-Buccal Occlusal-Lfngoal 
of castin n Correlation coeff. Corr~J~tion coeff. 

Rubber 15 0.42 0.56* 

Dietrich's 16 0.68* rO.072 

1 
It 1a evident that the relationship shown ln table 7 ls not 

as uniformly strong as had been previously suppose4' 

Table 8 

OCCLUSAL DISCREP ANCY REJ...ATED TO THE CROWN MARGIN DISCREP ANCY. 
, 

Impression source 
of casting . ;----

Rubber 

Dietrich' s 

OcclusaltBuccal Occlusal-LJngual 
n ___ ---.f2.rrelation c~êf;-'-'f;;...;. ___ --"-CO.;....~t:..ion cbcff. 

-0.046 (n.~S) 16 0.25 , 

16 0.21 -0.302 

... _~-"'" 

1 

,---,~------------~----.----------------------------------~~--------------1 

~ J 

Table 8 indlcated that there was no statiatically sign1 fjcant \ 

rclationship of t.he occlU/,al cement lute space to the actual crow~ WoIrg.in 

lute fit for the g1ven semple aize. f 
This may have been partly due to 

the aleave joint effect of an aplt::aUy 1ncUM~d chamr~r or bi;vel marg1n 
'." -. 

deaign which would ten/ fO mlnirnize the effect of occlufMl d1splaccment 

on the crown margin seal. (Fig.14) 

/ ~, 
~. ~ 

\- , 
" 

t 

/ / / 
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R~~?~raphic Assessment of Cement Lute Repliea ThiJkne6se~. 

The recovered cemènt 

pairs and photographed on 

before embedding. (fig 7 ) 

lute repllcas were set up as Rubber/Dietrich's 

the mesl al, d fatal, buccal: land linral .spoc ta 

From the Kodachrome slides obtained, \estimations 

of the cement lire thieknesses were made at the crown margin, mi d axial. 

and axio occlusal posi'tions. Close fit or eom6ression zones were scored 1, 
.,0 

\. fIloderate even densi'ty was seored 2, and heavy tl1iek zones were F>eored 3. 

The val1dity of the above scoring was tested by analysing , 

t~t parametrie measurement obtained from the bucco-lingual microseet1onl$ 

at the corre6PQnd~g sites to the individual Bcores assessed photogra~hlcally. 

'fhe readings for Dietrich's and. Rubber were combined sinee it was ooly the 

valfdfty of the scoring estimation that was be1ng tested. 

\ -

Table 9 

A COMPARISON OF THE CEMENT LUTE THICKNESSES ESTIMATED AND SCORED 

PH01'OGRArmCALLY, TO JTUE CORRESPONDING ,PARAHETRIC MEASUREMENT OBTAINED 
~ . ." 

FROM MICROSECfIONS IN THE BUCCD-LINGUAL PLANE FOR 28 RECOVERED LUTE 

-REPLI CAS • , 

Phot~raphf~ 8C?TC catagod es 
1- 2 3 

{Compreaa1on or (Moderate even (Heavy thick 
<!..1:8_~_H ~ __ z.Q.nc:.al den8-=!.:::.tJ...Y~) _....,..._ zonc!>-~_. ___ . __ ._ 

\ 

Number onones falling 
into catagory 

Mean thickness of lute 
obta1ned from correspond!ng 
par31lletric read!ngs. (pm) 

S.D. of lute tlJ1.ckness 

Range of lute 
t.h1ckneB~ (pm) 

'Ç -------+.-----------, 
1 • 

Tes,t of s1gn1ficance 
between means 

50 6J 
'~ 

/, 47.78 (1) 76.96 (II) 172.18 {Ur) 
\ 1 \ \ ' 

\ 

\21.13 30.1122 / 82.49 1 

1 

'10-100 ! 30-170 65-5l.0 

------J. -...!.. .. _'. --_ .. _-_. ~- --_._._-- -- • -- --- --- ~--

t (1,;,1!)." -5-67, df- 104 
. 

t (Il-III) "-8-69, dt- 116 75 

j . 
~, , 
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1 

The signlflc~nce of the differences among the three lute 
\ 
thickness means repres(~ntjng photodensfty' score categories l,2,and 3, 

'" respectively, was determined with the t-test. As Table 9 clearly 

indicatea, the mean meo8ured thicknesa of the lute in areas on the 

preparations labelled as being "close fi1 zones" by the photodensity 

estimations, d1ff~red_slgnif:fcantly (p, '01) and ln the risht direction 
J 

from- the mean 3fwociated with"moderate even d<ensity"fit zones. A 

sim11arly s1gnlUcant result was obtained in comparing the mean lute 

thiCjkneS1 from category 2 with category 3. 

l'hua, the photodens:1.ty method of 3cor,ing relating to the 

parame~ric measurcments was shown 'ta ,have statistica\. valid1ty. 
, , 

Consequ<:ntly, the read ings could be (~xt(>nded to descrlbe the tuUer 

- 1 1 
picture ta lnclude the lute tldcknesscs at the mesial and distal 

i36pects whf ch had be(~n previously excl uded owing to 'the plane of 

section:fng. Comparisons fto the resuIts in Tables 2 to 5 were then 

avail ab] e. 

(/,\, 

,~ . 

" 
, 
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COMPARISON OF THE DISTRIBUTION OF PHOTODENSITY SCORES OF CEHEN'I LUTE 

THICK.'\EsstS AT THE CROWN MARGIN, HID-AXIAL, PŒ AY-IO-OCCLUSAL POSITIONS 

HETWf~~ RUBBER AND DIETRICH'S IMPRESSION SOURCES. 

L<JpaUon of 
scoring 
Cf>ttmation 

lUlpression 
source 
materia1 

Number of zones fa111ng 
ioto each photodensity 
score category 
1 2 3 Chi-square test 

Rubber 

Dietrich' s 

17. 

14 

29 

21 

10 

21 
x2 - 5.47NS df· 2 

Mid-axial 

f 

R 

D 

28 

2,3 

22 

21 

6 

12 
\ 

Ax:1o-occlul3al 
,R 

D 

25 

13 

16 

18 

15 

25 x2 .. 6.40* df" 2 . ---'---"-----------------
A'll locations 
pooled D' 

70 

50 

67 

60 

31 

58 

, 1 
It should be noted that the mesj..al" distal, buccal and 11n8l1al 

data have been comb1ned for ~ach photodenaity fatagory owing to the Bmall-

nese of the samplc ij17-çs 1n the 1nd1vidual Bub cntagorics. 

ln Table 10, One sees that in the axio-occlu8al rCf$iona of 

preparations, a c~oser casting fit (cemented) 1, 4680ciated with Rubber 

1mprews:1on l;t)urceB. Th{~re weB no', significant association of closer Ut 
1 

with cU })(!r hllpression source at tbe mid-axial positions for wh1,ch the 

rctftunga wc:rc fa1r1y cvenly distrfbuted" except that there were twice, Ila 

JlUiny pOOl:" fit ;tOMS (t;;ltegory 3) lin60dated w1th Di.etr1ch f s. A Hitnfl:ir 

, 

" 

\ 
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1.­, , 
1 

1 

1 

distribution to the mid-axial position was :>bown at the crown margina 

where twice as many poor fit zones (ca,tegory 3) '\Nere aS6ocjat(~d with 

Dietrich' s. 

By pooUng a11 the locations of Bcodng estimations (Tablè 10), 

Rubbl.,:r exhf~j ted 40% Inore clof;(~ [Ha (1) than Dietrich' s al tllCJugh th1s 

was mostly attributed to the buperiqrity of fit by Rubber at the axio-

occlusal position. How<::ver, the data mHdIy sU8gc6ted a l;!mHar rel,u1 t 

at both the crown marg1n and mid-axial locations. 

Of greater note, Dietrich's produced. 87% more th1ck heavr 

lutes (3) than Rubber and this dlfference was equally diatrihuted 1n 

aIl iocations of scoring. Namely, this W8S a distribution of 21 to 10 

poor fi ta at the crown margin, 12 to 6 at the m1d axial, and 25 to 15 at 

the axjo-occlusal locaLions. 

The significance levels demonatrated in Table 10 çoncurre? 

with thoae a.chieved from the parametric m.ea6tJn~ment6 (Tabl e6 2 to S) 1n 

thgt a non aignificant difference between. the castings of the two jllJpr(~6-

sion HOUTcea ex1ated at the crown marg1n wh1ch 1ncreased to strong 81gni-

flcance at the occluRaI 8f3pects. Alr;o a f3jml1ar pattern OCc]o6(~r f1ts 
t ' 

favouring Rubbér continued throughout. 
\ 
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1 
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, , 

The current photodensity scoring was analysed for any confj rma-

tion of the fin~ings 

greater Jtendency for 

by Teteruck and Mwnford (196i. who had observe'd a 

IJncemented castings ta bind selectively on the , . 
mesio-distal aspects of'their dies, for anterior tooth preparations~ 

-, -' 

'l'able 11 

A COMPAR~SO~ OF /PllOTODENsfTY SCORES OF CEMENT LUTE THICKNESSES OF THE 

BUCCO-LlliGUAL TO THE MESIO-DISTAL ASPECTS OF CEMENTED CASTINGS l"OR A 

RUBBER- LMPR~SSION SOURCE. 

Location of scoring estimatiorts ___ PhotodenBity 
~ore Cata$orjes Buccal + Lingual, Heslal ( D16tal----:-__ . 

29 - • 4 

2 35 

3 23 8 

Chi-square test 
J (~ 

Table 12 . 

A COMPARISON OF PHOTODENS!1iY SCORES' OF Cl'.11ENT l .. UTE THICKNES$ES OF THE 

J3UCCO-UNCUAJJ TO THE M.?SlO-DIS'fAL ASPEC'fS OF CJ!.MEN'ŒD CASTINGS FO,A 

DIETRICH 1 S LHPR~~SS ION SOURCE. 

Photodenn tty __ ..1!!.!.:.'!- t:ion __ (p-f_~ssor 1n& (t6tj mations .. 
Score cata~~I! ______ ~r--.;;;B..!:LÇ.S.~;:r Lin8ual Meajtil + D1J(~_._ .. __ ....:. ."_ 

1 21 29 

2 24 36 

3 ;. 
Chi-square test 
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'J'i/1)11'~ 11 ,H/ri Ji! ('()(jfiJiIIl'cl 11J1.t ~)IJIIJ(' ~;li'flIJ)lt'! Id~l!, ~r)th tljbll!~ . .' " .d"IIl'JI'tjlrHt,~ ,l,/j telt/I'PIII'Y 14'/lII',dl)"t11,~tlf.l tjt)J}lt(:t~ 1)( lh~ eUrjt1n~l1.to bit 

J • 
tJiliJtJl,,~ Il)IJPJ1J)'d1~tlil 4I1V~'~t lI) ~U4 l)IJ':I!C) .... ljt.'~lJljJ1y' wldht for , \ 

~ ".'" 
. ,11/pt r n)IJ( 1 ,)JI wtm IIIU(t!. "'lI,l1l 1. 

, 
Yvr t11~ 11htr jJ)uUIJJ1 of tblJ "ll~l1v)' lh1 tJç llJt,~"If, (~/lf:I!~l)fy (';)', 

It 
l rit!' ~m~, lm U (1 nI l'lm 1 j IllJ~d l)'Jl th~ r r1!/l'Jt'/lcy. WIJI} (ttV'~ rJ:1t!d, NIjt1l~l y, tllt!r~ 

h 14 tt l lJ I1"llt!y (Jt tlltt 1)IJ,:(;t)~J JII~jJJll IJtJJ)ttch vf tlj~ C(i~~JtJ~ tQ lH! 1j~t;t:Jdl4L,~d 
\ 

wf.t1l HlI)rtt ', 1'/lY)' UJJ t·~ 1,,/)/)t:!PJ or (:Vl/i'!~lt 1 ut'i lf)Ui~d ~l •. ' yl)r ~'J1Jt~r, 23 t()JI~~ 

of t,,!tIV)' IJr "xl'~/jij1vt! l'tJ/f)ttlit J IJlt!\ w~rij /ltJlIl/}f)~trtjtttd /jt: t;h~ blJ;lt..:()~l jtl~lJd 
, 

~tjVI!IJt li) ~ Ilt f1u~ Jw.?1j1t)~41/jill" Jn~(! r.l!l1p~/.!Uv*, fr~IJ'JènCèll for Vhl.r.1ch'", 
o , 

\, .. 

O()')11''Jt~~· _'?'tI,ll.f,.1{J$.}!..( '.q~_~t_tt)jij.1.. 
t;tlYf;lYlJt 4;dtjrJ 1.tjf worhrti hlJ~ 11tJtjl';fH)~d· tJJ~ plJt!tlV1JHtnon or I)hJ 1q~~ 

• 
I)IJfttlg thC1 1:1Jff,lttlt titu4y, .ij Ultict"oJ:;tl)pü: Y,h'J{'l jJjJJ,wn~d'm I)'{ 

. ~, 

t)bH'~IJ!!t ,IHUJ! ~J)~ wfli Iwhd, fr.t)I~ th~ ,1J'JI:CtJ .. 11t)~~J~à #l,tilt" lj~etl.t)tH'# 

IjIJ1)~~/~IJl?tl tly fnwuit1 gJJf;4jd, , ,... 

, 

rêpl't!l~~nt~d by thfj j ut~d:'JkkmJti" 4t UHJ g11'J~1v.1 lft.l4C Mfid Il,s1.0ut),~du.~d 

POIjJ t1mlll iIIl:!tfl tit'lJ4Ù/i.S jn IUd@l trJ dif!\t~t'JI)1m!l obHtj\J# I,Jj~4Uj}I" V~,jlltHdJ)J 
.) , ' 

HlI!l 8~~ivlil ""~lit. liyi;HI)t} ('i~, 1~" .1 pu.c;j ~tvlj 4UflJr#lJ)~ 1ibljJ') Atubf..t,/jflUnJ 
• tiiJ'. \ 

.\ 

tlllj thl.e1<JI~t;I#j ut tht; bw..;.c .. t llJ.f.8 (tu .. t1lMt 'Ji t'~ 1 fnjutll lmU.t:lJtèM t}bl1~f)' '> , \ \ 
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1()<;,iUon of #jIJdl 1.1 rit't'Ulm, Il W)fJfljYI! dHf .. tt'lll;tt VIl/lm t;1Jht1;1"t1n~ 111(~",' 
~ • f L(~.\r 

Jh1ttJIJl Jute! tlJJc;JWl!fHj frt)/J) tl,llt ()f tll" lIlJI'(·.)l W{)\jld 1nIH(;;~1.t, 1ll)11(l'J(~ 
, -

1 

1 
( 

'f/Jb14 13 

OHUlql)J!. 1H~Â'l'JNG Y%lj)WHW 1N V JVO C~MY.N'I'A'J' J UN Of 1"1)1 .. 1 .. C;W)WN GAWJ'1 W;S .., 
, 

OJfJ'AJ NgJ) Y1.<OM A lJJ,~'fJUGU 1 S JMl' lŒ5 fH ON SOURCE. 
l ' 

- 1 
'" __ ~ .. ~. _ ~,!i'!!l}.JJl!' ~f..J!JÛJ!l!~!~ p_,~j,~1J1J . .,~ ,~. _ 

l'tt!jJUrtH.1 tJn C)1t1B1Vf:fl ul'at ';)AxjQ-Ot.:t:lIJIHtl 

A 

B 

c 
E , 
(; 

li 

l 

Jo 

X 

L 

H 

1.'1 

o 
_11 

Q 

1.H,/j(;tt!PZjtJC)' f dJ tIC mptJncy: 
(~1f1ZuSJl ,n1,nu" vuc!t:d) (vtJt:cd 1II11)U8 lingual) 

pm ' JUil 

-f·40 +40 
~ 

·~60 .. 1/.0 

-lS +70 
'+90 --';."0 +40 

... 205 +305 

-25 -80 

-110 -1" ., ·1 

+~5 -50 
-+60 ,·100 

... 220 -150 
-340 1-445 

"', -110 -320 / 
+210 +120 

-10 +135 
'<. 

\ 

-UO '-15 

+20· +10 

\ 

/ 

-+v,~ vt1u •• J ndl ~ljt. cÎ'wn (1~d,'JJI.lly ~bl1.4Wt t"~.iitdfl ûucul 

·v#~ vlj1ue~ tD41~4t. cx~n ~e~lu§.111 Dbliq~. t~.fd. lin~H.ll 
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~. 

, OBUql)J~ UJ~A'J'JNG )iOUllWJNG IN V} VO C}-)1hN'J'A'J'JCJN f)JI 1'1)1,1, CJu}WN GA:;'rJNGS 

1 
1 
1 

J) n' J!lj nJ t j 1)11 

~. 

A 

» 
c 
g 

y 

C 

Ji 

,1 
,1 

K 

L 

M 

N 

) 
p 

Q 

.. _. M.'!!I)~t!~!: Y/. ,o,b11 ~ltJC!. !11'.:lt}ne. _ 

(;jjJp.1v:Jl ~l":jt A~10.C),fd\J'::jl ~ ~ \, 
d1Ij(~rl'lml) I;y-: . dj IJI; n~l);J'H;y: \ 

(11Jl~IJljl 1fl1tJ1JU hlJc(;d) (hu(;c;nl JIllnutJ 11n\uJll:) 

1 

/ }Jin ,JIn' 

-140 0 

-350 -140 

+fJO 
1 

+40 

+30 

+10 

-100 

+70 
-20 

-j'JO 

+6!J 

-5 
+195 

+55 

+35 

+20 

~L5 
-90 

+S 

-140 

-2lS 
~1O 

,~20 

~/~S 

~1l) 

+20 

---........... ~~..,.~.J ~~.u~""" ...... J,.~ ............. ......, .. ~ :;/ _..,. .... _ ...... ~ 1I:.~-J>....:n.i.".,~_ ~~.J ~_ ~ ~-"'~-.l:J .. ..z_ 

Mun 
/ 

8.1}, 

-.21.tlu , -32. ~ 
'14!J,73 / 15,38 

1 

l'übl"IJl'U,.tjlJd 14 ~lww{t4 tllJ.4t for ovth ~tJvb(tr lind iÙ4itr1l.;h'~ (:tJ~tin811, 
;. 

10 out of JS dtf,'~çi1 un,d VJf)>>Hortl of Dbliqu4t IIB8ttrta mêll.ljJJ:r~d 4t th. 
'" ") 

g~n'-$iv.t1 ~4î1lt. VI)IjHI.on 'fItJr~ rehtêd tô th. ~l,1lJl(I 41 r.açUon f tJj1.litur4Jtd .t 

t1J~ ,ljxtou t)4;cl,iJfUll pOfdU,on r#eorded l~ont1!'.1.IJt(jr,ll)' 1 tlwup t11o". varo' 

/ 

not H~eA8~8r~11 8~8oeJ4tê4 vith ~)~ ~flW~ pr~pnr~tton. for "Acb 1Wpf888ion 
1 

AH>U1:4;t!t; Th. r~jJ4!tiHn3 p8tt3rn of fl~gl4tiYCi Jlj'~J.m vlIliJl1f .,fljU~~~Jijh An IJpVNr~nt 

tJ:'lIlnd fur obHqu.e M#Ult1PB to ftivklJl' th. l1fJ#;$1JJJ1 d1J'I!'l.!tloo" 
1 

/ 
.~ \ 

" 

! 
! . B' 

/ 
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l,;OlUŒJ..A'nON f)p AG'J'VA/. CJJNèJ.VA/$ W~A'l' 1>1 :;CHJfJlANCY 'J'f) A<;'J'llM,. AXJO­

()ÇCLIJ:;AI. MJ:;M)IJ){)~J1~;N'f CON'J'J<ALA'J'EJ<ALI.Y lN 'J'JŒ BIJCCr) LI N(;I)A]" tJLANP., 

1}ut;t,;.d (J1n~jVfjl 6et/Je d1tJct l!pancy 
ta Lingual Ax10 Occlu~31 Q,33 1 0.81 Mr 

Bue,;i;a! Axio Oçd IJNal to 
}.i n ~IJ/j l C;1t1 B1 V-IJ l BIta t d ~ /jt;rltjUJncy 

.. 

\0.60* 

(11--15) 

0,42 
J 

dlJrfng c(~lHtnt!it1()fI' HOWI .. WUl', d(t~pHfj /'JtJlIHt Htlit1IltÜ;t)1 vul.1tlHy, flJrUHJi' 1n­

w~~tjBJ.tt1~n hn'-'I~(,IJI6IJ.ry ta tHiCHr.t:J1n tUe 1n!1utmcu ()I the pliNn1v1! lnnaUt 
\ 

.. 
~VIH!e bet.-wun li Cdllt1ni Md the preparation pdor ta Hfj l;t!lI~f}t/jU(Jn, 

D f r~u;t12!L.'!.l ... 2J~.!.tq~~Jj....t 1.n.& . 

'J1Uj oe(ur.r4tucft ot -4'yœ and "'vc 1J1gn 1»mdtl)t(j for Obl1llljl;~t!~ !Jt 

1.H'.!tjtJng fVJv~ no ~ 11111))(tdltitllly IJPVIJtt.!nJ d;Sr~/.!tjtmj'jl trfflid, ('flibl e~ j 3 fj!ld 1.4), 

thl)u~h pl)dtbt~ },11,nt1n3 by th« (.;()n"ht~nt nlj~tivtj mC4n VdUtHj of, tilt ,,}fat 
o 

obM,1lJd IH~ljt1.ng tO",ljfd~ thCJ HJ)~IJ/jl 1IUiy pr~.H1()jDiMte. 

/ ( 
luetbet a,t., DOt pr4ilmnUd ln tbj,IJ tlutIJt., hJnt«td ttmt tho 

#Jlu.}). of • pt'cpIJr'tU,on mM1 igt1~n~8 t?t' Ju1.da tbt l1ydrod)'Mmü~1iI of t:'~ll1!tnt 

llov .rut hft.u th. r •• ult.nt, dir.ction ot ()bU"/~1J. §~at1D, of t.!8jt1nj$1 

p.rt1eultu:ly ~r. the lM,th 01. ml •• "id, vstl l't;j4omi-nah. OVêt tlUJ, [ 
1 
1 

"", \ ) / 

// 

/ ,"" 
, < 

1 
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l) 1 ~;CUt) S r ON 

/ 
'flu: plJrpQt;1.: of CliC CUfnmt IJtUt~.Y Will} ta jf')v'~tJtlt:]t(: and f;OJflprJre 

tht: dltj(llcterht 1el:l of nt of V/jfT/LOf l~nv,mt(Jd full CTOWn t:a:jtitJY"IJ (type 
\ . 

111 ~()l d) [or Ijnt~!r1()r touth pr/!paraUun/J, obtu1ned {rmu Il pol y~ulph1dlj 
/ 

fubh't r, trfjy fmp rc~l;tj ion, l'Jnd IJ 1J1 ,,! t.r1ch l u th'~rfluplB~ tic band lwprel1H loti 

l'Joui:/! for ~/jch Qf 16 tceth, fol1ow1rlB /!t!mentIJUon of the Cljt.;tÜ1BIJ in vivo. . / 
1 

Tt Wfj~~ uPl)1Utmt thljt threcc 1/8ve l){t{!f') l:'~lljtiv~ly fl..!1.1 pr(!v1olJfI 

I1tud1 ~IJ un t}l/t cJvltTlJll Ut Qf o.wt1.n8", 'J'hl.! problclIl' in obtIJ1n1ng truC! 
j L _ . 

ln-vIvo I1lfjt~r1.tJl,.ljnd th~ d1,ff1t~plt.Y 1,n fin(t ucetion1ns of 8 hard cl)Jnpl~x 

l1uch lJIj li ~old e/H1t;1ng cw!wnted 0l1tO'4 tooth vr,;p)jrfjt1on~dn ta die 

adopt1cm t of "(tv~rd 1nd11'ect in-vJtro lI)~thodl with 1n1:wrlffltly 111Jl1t~d 
~ .. - , 

IjppH(!aHI)1J8 to thlt lUI)!" c()mplkx dln1clal IlHul.1t1on; name1y by .1t)r~~ntH!n 

(1960), .KJjtJflJljjn, CC)~~hO>ljnd CQljn' 0961.), BatHUttt (1966), )1c;Cune, Ph:~lJP8, 

Swlirtz and MWfJf(}fd (1911,) 1 ~m:t DiUJljuhl<ieh, DIJvif:l8 cmd Yrsunno!ttr (1974). 
o 

J 
'J'htj titu41ell 1>y 'IJlJsyl.lU (1963) on exp4nded c3Itfng#J, and JonIHJ. Dy~/Illj lJtld 

, ./ 

Klein (1971) on the g!ftJ,cHveneu of venth)~ ~4V" jillpr()y~d dHfeftmthl 

• inforlll3t1on on tha oV~lJ:.l11 fit of etustingliJ but 'Stère 1J&,,1n 1n-vHrc. 

The cHn1~ .. 1'8t.udhAl pê!rfo~~~cS to d"ttj hAve bem\ by Yotlhida 

(1959' I.lnd Muuta (1%1), / bJtb roly!n, on t:h~ UtllJ of t4j,th' §1,atftd for '\ 

/' 

(tjtt,ucHon, or pr4!tyl,outlly Ct'0Wfl4d 'h_th rttqljj dng ext'l'êt.:t1on for v4r1oU' / 

nit~r" \tli8 An. equh.ltimt dilJcr.ttp&flcy .hwn Mt th. çrown 11lIu:g1nl.; 

The concapt of tuovuJ,n, • C~J)t 'luta ~8pH..e., devbed by 
• 

1'JclAnn .Ind J':tAUD:tJOtor (191J" ~4 'ttxt~fJd.d J1:) th. cu~r4tnt §tu4y~ i. to, 

l, ' / . 
o "té tf14 ont, tl'uly in-vivo Illlttht)4 1ihicb 4081 not tallull'a t~ 8,.cdt1e. 
" . ' 1" p>l' 

of ttJe prçard to"ch te jIIlj"'IIUÙ_J}~ .1'"" blïtiioen • c."Una and ftll vr~-

p.lrllltiW oeeu,ied by ~t., .,d thu!I cou1.d "v.fffJt~11y b. e~t.4tt)d~d 1nto.l .. 

~ l / .. 

, r ,-

Î 

t , 
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\ 
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l on ~j 11Jd 1 0111 f; t IJrj y. A PC} 1 Y f!tJ)(' r l' J;j f; t O/D(! r "ms IlIJ1H, li tuted r 0 r phofJ plia te " 

e(tlll~/It t6 fJll()W' t;()Hlplc!te n:t;uYc;cy of the lute. Imprel3r.UJl W,;JfJ I.IJwwn vy 

Md,(~;mltJr)d Fr:mllhof ;~r (J ~71) t 0 JUive t~qlJ1tabl é propfJrt1 es of flo." and dhc 

dhml!tt.?f 1.0 Vho,jphljt~ ntJIHmt ('l':ihle 1). 'l)he Hlm thicxnUrJI.HHHJ obta1ned 

{rom t lu! C:lJrnmt fjtudy Wf~r~ in the f;ame ordf!r liIJ wt!ce obtained in prev19utl 

A range of fit of 8 to 340 micron. 
\ 1 

a wean buccal fit Qf 85,94 micron8, and 06,33 

'J'he Jll(!3n buecal ! fit v~u. larger tha, t,hat obttdned 

by Md./!.IJf) :.md YrJJIJIll)C)f He Cor meFl.fal and dhtal JIlljr&1n.t ol' 66.7* 60.8 mi c:rons 

and 26.1:1: 26.2 ,dCf!)nti ,.C/;p~ct1vely. Kovevf:r, ~he latter be1fl8 taken froll 
• 1 

the 1Il~ç1jo-dhtltl 'j~ct,hmlj of ctJljt1nts~ un pr(tlJJo1ar teeth "un JlWre compatible 
~ 

Hn31)/11 pe~p~/,jtjon dçt~13fl tA the eucrrÇ,'nt 8tUfJy~ 
/1 

-/ ) 
P'UI,HJYli1tllJ et .Il. (1963) df!lur>n/jtr4t<td that a cemant lute requ1re4 

an oV'ttall pllnive 1nnato ,pilee of more than 30 micron, lor Wlx1mlll v~rt1eal 

'l'hill rltnlœ4 '111 t.1J1,n the 40 tJJ1t~ron aruS· 25' m,,1cron l'article IIhe re-
/' 

/' 
qIi1t:p.IIJi:JJt8 ~()r pht)/jpl11.H~1! ';~~nt br t})e A,V'}JI 8pec1f1clJtlon JJtMdIJrdJJJ JJw-

~ver, the ~4n ff t8 of C(!luunt€tc! t.!JUIt1ng8 /jcb~(tVd 1n a11 pr4Yioull 8tud14UJ 

1 

}IJ1Vd vl'!(!n (.:onl11tl ... ~rs.ably ur~ur thun thh ldn1JnWII jrain tdz,,* tlxcept a,t point,' 

~ of b1JHHna or-!!oJl.49rtll.-1on contltct, betrien • ca.Un, MJ4 tt. tooth .preplJrtltù>D 
1 

(MeLun 3n4 Ir4wlwler, 1971). 111'18 t. dUIt to the Lars. suab.r of, yariable. 

1n~r~t 1n ~' 1n4:~4Ct ~rocedfJ1. tr~ th, 'hflPJ ~t tho f'J~/U.t1tm, t1~ 
1mpt'tèlif8.!Ïm an4 141wntury phJue., thtouah to th. t.1nal' c&Mntation~ In44uut, 

t'tDruek and Muwtord (196~, 8Y~3.jt.d tlwt thl ~f~ittoD ot cA.tin, A~~ur&cy 
, . . 
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/ 

... If b101ogical acccptah11ity {or a :lItlù1~}nz1V:Jl cwwn-:-};(:JD1.mt:- J 

(.ooth mtn:g1 n M(!r(! uhown ta requ~re a fit approIJchlng tlJC <tf{(!ct1v(! ~r/dn 

"he of phOf;phate ccm('nt powder, it h doubtr1Jl. whetl)(~r the li mit,. of 

cHniea1 3CUity for detectjon of 11lIIre1n fit. udng curnmt 1nfJItrumentat1on 

by exploren and nd1oJ)tfJ.SJhlJ are adl.:qu.ate , (Md,f,wn fJnd Fraunhofer, 1971). 

NeverthelclHJ, McLean and Fraunhofer 'Juggested that a. ~rBin nt of 120 
,;7 

mi<:ron/5 may Btill be ar;c{!pt:ible cHnjcal1y, hlJt the e()nf1rlJlfjt~()n of th1.tJ 
, l ' 

IJpJn10n br 10ng1 tud1nal f.ftud1<w on the baub of thJ biolog1ca.l impl1ca-

tion" 18 fltH1 ~addng. 51Jc;h Il r:.~n8e of fit is al.:reJldy four t1me1J the 

thtwret1ciJl ~bJectiw.!t1 ot Ut for the C1Jrrtmt c~:mcnt t(~chnol{)8Y' JfmI(!Vt~r, 

the Curl'Mt utudy deJJlOTJfjtratl!d tluH thiJ i. indced th~ .. he Qf fit' 3t 

ç-town 11JJJt~1n/ll bcjng frfJqlJéntly ~"pcr1(mced cUnicdly, 
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/Rubber D1~tr1ch'u Compar1gons 

'\ 

, . 
f rom hIJc;(!o- J j n 8UJll tD1 (!ro ~ '$'~(! t. ~ ontJ of HIIJt IJ~j L p/ii fIl Ô f t:mbt;tjd<:d rt!C:t)w~rcd 

J \Jt~ fltpHcau. S'~condly, V}wtC)~(tnB1ty cnUJMHontJ ~f lute thic:knl,HHws ' 
... / 
wc'!rc~ tH~()rc~d {rom Kod/H!hrolllc l~ltdcHJ 

~ 

of. ~h/! r(:~;oVtjfl!d 1IJt(~ r(!v~1 {~!jlS or the 
'\ 

bJCGIl l, HnBlJlJl, mCllia! and dl.8t/Jl Ijljp(~etrj b~Jf{)rc (!J/wcdd1ns. ~ (Jf tJU! ];Jt1.I!f, ~ 

1 
/" . ,,}~.~ 

the! lmc;(;o-l1n~ufjl el1t111IJJUOn,fJ W(~rc crol~,~pp!fttrn~d to tlu~ p/jrmn1~trjc tr~Jld1ng 
\1( ~3j -... 

... ).~ .. } ... , 

IJt tlle fjWm! Idtc for tJtuiht1cIll v.lll hlùtj,(m of Um J>llQtod(~flIj1ty, (j(jt(~BQr1t!lj, 

It mutJt be noted 
il' • 

l/11pf1t/JfJj 011 /j(]<:'IJYlJcy, t1J11 jn1JJj~c 

î. 
tlw ~f('.#;t8 of c'!VIcmtition. 

'!11e (~t)ntrol choHlm to litllndJJrd 1 ~a thlJ ~.u.vcwt of 1 !jb()r,tory 

~~n:or. "'Ùll the 1II1JtUJ1l prot~"dure 4doptftd for Mch uwmb8r of (t4ch pair»f 
l ' J , 

Jmprt.!l§dOIl fjourcult. 'rhtJfJ, ~L!h 1JK'fJJ"t;r of th. vldr W'IJ' pour~ (rom th« 

/ 

Nlme Id" of dio btone, th« !,41' of "$op1nt,, W(!rij WMxqd, I.fprflfJd !lnti ('!a~t / 

tow~d)@r 1n the IjJjme cJ.tAij:1ns ring, nhd if th. fit of Qne of the (;61l"1ng8 
/ . ," 
~W/jij 1;~Hfc.1~c4 (J11nl,(';Il11y, tht. whole l',d,; of JmVlljljfdvn/$ SIM ftipt!JJtf!d, 

r ~ Po~t~1,:,~1.ontl· hnd bce4r""4 in th. Int1'od~t1c, th4t 1.1 HW/j/IJp1nS 

~fffJJ:t, Cld~a to the mul Ùpl0 l'lUi." 1nvolvlJd,' .a.ncS tbo ,tfoct" ol Cl'num-
\ 

tlitton m1jht lJJJVO nu1111144 .ny cSiffcermwell b~tftHD th.- t1l0 impulsion 0 

MOure".. Uow-eV4r, 4 CVntd.lJt«m~ Tl1puljt1ng p.4ttern ,P4ir/d.t.4 of clcflli:t' 

f1.t8 t .voudnj Jubb4tt "t 811 81.t1~!I lJt ffl#JJtJurm.ul!!'nt, 'ttJ. IIIUP .cet •• ~n~ 

§t.Jm44ld cS#wJAt~n8 W/U'(jJ .j, .111 cJjtf!~r1 ~lJI ir~(jto," 14>1' .. ..,. tU: of c.IJt1np 

l ' B8 

/ 

/ 

/ 
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frc)m the Dj,·tr1c1.'1j :,rJlJ(C;e th3n lor Rublj(tr, Ilnd with no fJlrjtlfjUclll rcvHrBtllfJ.' 

-
Ï,rown Hfl re,j n J)11H:rt~p:H1d ('(1 

'.t'he ,JU(~ml p:d rt~d ,Hffen:nce in the cement IIJte diBCrt:pllncy or ~ 

-------- -
C(tllll,'llU'd fi t 'Ilt th(~ c:rcJwn lIuJrg1n of c/Jflt1ng. obtainad {rom tbe two 1mprcfso!on 

:K' 
,muref!l; wlifJ not IJtfJt1at1cf.llly 1$1gnH1c!ant dC8p1te the closer JD.elln fit. lor 

/ . 
RIJh1Jc·r. 'nif! menn hue!(!/11 fit W/JfJ 85.94jJ1D;, 8.D. 46.42 for Rubbur, Ilnd 107.68,Jm, 

/ 
s.Ji. 87,5:) (or DhtdCh", S1m11urly, lit the Hngual, the'mcan f.1t Will 

, / 
(;6.3'3Pm, 6.1), 38,79 for IGbber, lJnd 79,06JMD' S.J). 12.z.r [or D1,td~bf" 

('J'tiblt! 2), 

'fhe ptJfJtodt!tlf.J 1 ty IHJfillyIJ of tbe lute th1cknellNe. eon t ri buted 

Impportive fnt'c)t'UlIJUon el" the difJtribuUon of fit Bt the Cl'Qwn fI)ljcg1n 

('J'/Jble 10), TwJ.ce 31'S If\1Jny poor fit ~onc,. (causery 3) werc /JHIJodllt;ad vith 

Vl~tr1chf8 than Rubber by 21 to 10. Â P4ttern ot moro clo •• fit. (1) and 
~ , 

mote avera,o fit. (2) vero .h~ for Rubbcr but vero w1thout 8tllt1ut1cal 
~ , . 

,,1 snH1.c/JnCCl for t'he Namp~C!. _ ' 

, 1 
Mid Axial lH,lIcrcpnndclt 

,Not unexp4tctfdly, tho .1nd1vidual and lUIUl lutCl t1d.cl<n4tlJu.(t1 Bt 

the m1,d-.fidlJl J'o1H14n cxb1.bitct4 the Itlo.o.t Ut ot c~8Unp {com both \ 

1uJpfMIl'Ùm lJourclj,. 'J')~. fil p4ril1 b.e.uII. ~ Ions IJlIr#4V. jo1nt IIthet i, 
1 ., 1 

llCt1nS 1JCtl.w~n tflJj ./Ud.tl wtÎÎll of A erolm pr • .,.ratwn lind HI t.!fJffttna for 

Any j1voo ocdutlsl diflplacom.ollt, 'l'oyideeS. tbat tu t • .,or of. ,tho p,t4ipiTliUOn 

1" not excotJ8!ve, ()'iJ,14), Pt.n:thormor.,' th.ob •• rv.t,ion of. cIJ8t1np to 

1 

.&at ~bi1qud1 ~D t~ bucco-U,A,~l ,lan. furiAS étÙnt.tton, nOClll/dt.tOI 

t\l. ';"istllll •• of • • 'ul ..... ~Ml;l ... tn.~ _, •• , ••• _{ ,.rUel •• in tl .. 

; mU ."i.\ J:.jt.~ wh.wh would tbu. uifttaiA the 1.tt.r 1~~. tbi-ekn.HI st • 
s " ' , / ' 

/' "j - ~. 
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/ 

/ 

•• 

! 

/ 
J 

'. 
1 

AY"u1n the IOI't.iO valiJc!l'j :md r;trmdJJrd dl.lvjllt~on/j wr:re urnaH(:tr {or 

ut t.he J 1ny"unl IHjpcct (1'<' OS), f rOtn f.}H~ Ht of c;1J~t1ngtJ (rom the D:l'~trich' .. ·, j 
~ 

IwurCf~,blJt Udf} Wfll~ nCJ!. '~vjdlmt ot the btJ(!c;/Jl locfitfon. 
/ 

-
'Il \IJ11(~ lOC/in blJr,~nl Ht rl~çor!Jl!d for Rubbcr 'Wu 77 .18pm. 8.D. 33.66 

-

I,md for D1ctr.1(~h' tj 8'3,14~}Jmt S.J). 40.32. 'flle m'~I,m UngtJlJl fit ~afJ 61.81pm, 

S.V. 1.5.63, fm: Rubbcr Imd 1.03.411'1», 6.D. 62.3.7 for JJ!ctt1cb'" •. 

'J'he pl)()t:C)d-.:~d C)' at~{. )'fJ n:vcttlt:d no ·f1t./Jti flt1~/;Ü~Y fj1 gn1,{1,(!ant 
1 

dj ffm·(·llc'~I1. Ho'W(!Vt'r, the JJlJttcrn 9f lOOr't cloue Ut ~onefj (1,) Imd lM. 

(,XCHl1l1jV(~ 3ute tJI1c!~mHHH:" (3) (;cmt:lnued to be fJ6fjOc.1atcd vith the.co!fjUns• 

from th,~ ~lJbb'J:r ~lIlpr.,~~tj~on HOUJ:'e4 ('J'able-;10). 

- rud o-C>fPd UIjIJ1. D1tJc;r.<tlmnd ~8 
/ ''''''' ..... ~<'''' __ =''_''II,;JJf -""' .. r_l.U .. ___ .tJ ... .., ..... " ... #.~..--

JI 
C/JI1t.1nSfl d~dved [rmfJ th(j BIJl>b~e jJ»vr~/,m1()n 1;01)):1:., ('!abh 5), but extltlllJed 

ta 1) MtJitilltical,ly H1gnj fj(;lJnt d1 fterttnC4 trom tho Dietrich' Il "ource 3t both - ~ 

. ! ,,. 
tb<l bUCr.ld Imd H,nS'JlJl lOt!/Jt1oJHJ (peÇ'.05). B1Itll1ar1y, tr()m th. photod~nl!J1ty 

•••• y. th.,~ wo1 ~.tton,.r d.S' •• o, ..... I"lon 'ot 010 ••• lit' el Rubber. 

(1'< ,05). 
, ,/ / 

'J'Ï~. UlMn bw..:cd f,~t "'IJM .hown tu bo 81.87F' S,D, 50,63 for 
- ~, 

Jtubbljr., to 126.81um, S.l). "".33 to~ Dutrub'., -1in4 dm1urly lit the / 
- ,- \ '\ 

11nll)41., J.14,37pffl, S,D. 82.'6, Md 112.81,.1, ',D. 222,69 f4u'poeUvely. .. 
/ -' 

~ l'ana- of #1x10 oc!(;lutJ.d 3.lJto th1Ckntl8' •• w" 111 the ... ~ or.do" at dUIt 
f 

o ' 

IJ1wut the mt.Yan v&lW!1IJ owtnl to • flIu.unll1lpotlod tgnd,.ncy lor 1Ju.c~U-n&Wll 

obHqulJ t4fuatins (T~W.. l3JU,l", vMclJ ~,~ ijub~,qutnt1y .U..CU,IMad. . -
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/ 

, 
rl'vl'HJ(~d tlH.~1r llin~'~Bt 1II1~ljn ceJOC!nt lute th1dm(!:';I;c/S Ijt. tllC occlUtj31 por,it1{)n. ,1 

-- • _ ,. "1 

'" . > , -

'J'hi fi W/j/j dlJe to the tr1JPI>1ng of (!ellJ(mt o(~,~llJfj:.J.lly -",Id l/Jt the n/urOIl mtd md.tJl . ' 

1. 

pdr<.>d di frwr~rrél! betw(t<m the two ~,opres~1on f30UrCM lll,so Ql!clJrred J1t the 

I)ct;JlJljljl pOf;H'on, nmoely ()f 63pm, 6;'b. 76.14~ to the ~'lotjer (1t l)f RtJbbl~rj 
Thh WUfJ tjlsJtbUcsUy h1ghl)' fl1gnHi(;/Jnt (1'<.0]), Ijnd·thUlJ ItWphtJflhed the 

pj~rtlht~mt pt:metr8tjon of the dHfttumt Jmprl!tm1on dl/uJJI;ted8t1cfJ of t;he 
f 

J 
t.wo imprt!tJl_1·on Jlllit(trjallJ de1JlpHe thli c(~lJllmt~tion ttffltct on tllf.dr e/j~t1netJ, 

and 'the :SnterJD~ed1/jry varjllb1c.~1iJ of the h)1oratocy pl111tjlj. 

The UJ~/.m cl'Wl·nced Ht for Rubbcr \jI/)1I 157.31]»1. S.D. 80.21, and 

S.D. 98.07 {Qr Djet~jcbf§ (Tablo 6). 

'"" 
Su/IIt/lll!)'\ aubb.u'" Diot d ch f IJ Comp'l riIJQnIJ. 

-"'. It 18 Iippl.H'(tnt dUJt, .l.tholJ~h no Jltro~81)' ,,1S$nif1cM.t d1f{~r/·n,!1J. 

WJjN nhown b~twMn thli metj.n·tH: ot ~tjllJ4nelJ4 <!4I1tfllg, from th<l! pol)'t;lJlph1de 

rubb<tr 4nd the Dh't,rJ>ch' If thc?rmopll18dc (.!t)JJll)J,IJtld ünvnedon IJOlJfCCfJ IJt tJ~ 

netljJjl C;'itJwn JIHJlj1.n, th. dsniHcliJlco pro,r'ujdvol1 11l1;:nllt;lod ta IJ 1l1:ghly 
., 

dlPlif1.c:ont dHt4r4Jl.C4 t,rf)fJJ the m.M-Mxhl, ~to"O,C~UIj41, to .. JU"tmlJJ/) Jjt' 

the ocfcluul 'position, -Sinee 411 I)thtkr eond1t1ont wlJIro mutu41 1.1) th. l;~,.,f,.l,IJ~" 
f Ir ' 

Qt uch impnh10n pair, th. or1a1,ntl tit ChU'Ct4I'ht1.cI oi th4 t:WO ÛIIprtttSJ-
" / 

ion 80ur~~, .1'. con.~or#d ~ b./d~jt1nC~l, ~itt~:~nt. • 

Althoup tb. D1,otd(~bf. CQWpoun.4 tochhi'1U4 11 potontul1y .It 

e&~!lblo of Aehi~.tn •• , do~ •• lit' • cut:1.na .f.tfJ~, C~flflt4tijn 11/# tf,. 
_ ' li 

. - polY8ulphid. rubb,r .oure. (41 1 •• vident tn ,ro"rAtion X, • ~nd P, T4b'~ 2), 

th.' JIl3tCJtul IIne! toc1m1.qu.t .:1. C011.\44t4d te) b. iDI)~O 1tab1 to poorMt . ~ 

1 
\ 

\ 

1 

\ 

. 1 
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/ 

.... 
1lUprl/:J:$jon ;ic!.lpt.:it!()n t.o the tooth pr~p/j:r;jtjon, or to gTWjf;HT p(!Tm;jJ)('nt 

1'!1 fj{ IJct 1 (m. 'J'hl tJ wri3 eonf1 nllcd by thE! comd t;tently hre'~r mean" ;md /:,it fJn­

drift! r1,.yilj};'mJ1i l;llOwn ~OT th(~ Ut of clft1tjnY,.tj {roUI the D!(:tdrh':l ;;OUTt;P. 

foll()w1ng l;/·ln(·ntflt1on. SJJlIllfJrl)', the photod<mfJ1ty ij(;Qr1ng C)v'~r Illl fuur­

lI>d~ll {ml! lIj(jre1 nal r~urlacc§ ('C4blc 10) t;hf)'Wt~d th/Jt, al thou811 RlJbbt~r "'~JtJ()n­

l1f.rHlI!d l,Or. ID()rl! cloflll! Ht ~1)nelJ (1) by' t!otd, th,.n Dietri,cll'", the dHfc!r",:, 

"T)l;(! W;j~ /nore t:s1 gnitj c/mt for the occlJrrenc~ of poor; fit ~0I11~tj (3) of 

lmd dropp1ng to Jj w1.nimWll 8t the /JlIlrg1n, JJl(So rttltJt(Jd to the thickn~B" of 

J»IjxjfijJJl lJt t;h~ t)t!(!fUBal. Ijl1pect~ l'h1" concurnd vitb thCJ d611Ct1 pt1tm by 

Jl.oyc1hoUllft (1962) of uneven coalin, of th~rlUOpl.utic c,:OlllP()Ufld~, I/!lipec1fJl1y 

" thC} ]()w thttnJlJJl con!SucUv1ty of tbe lIlaterid, On reJJwvIJ1. of thAt °1I1lprp l$/j1on 

frmu d)~ I.lIQIJth t1)(J prQP~rtlo. of compound. rltht1vo to pol,Y/Hl'lphJd4 rübh~r " 

JllJjY JJll/)w BOfM J}1'4i!lJtor rdCUJ'Ht of th.b IItr~u l)w1n~ ta d}fj h~,ih .eolttf11;h4nt 

lJI 4t:>lJ)ljtlll1.on 1 Ijnd tt. b1lh flow at iIlOuth t~lIp4r'tuu ol 6% (fjk~ I1ner lind 
1 - - . 

1 JlhHUVIi, 1913, IJ/nd Â~D.Â~ B94dt1ctlt1.on 110.3) pot(tnttdly r~tSùHjn1j Sn .. 

J"u,'IllI.i»t;mt 3@fQluJ/itiQn on cool!n, to roOli t(it,&1)94tntur •• 
1 .. ." 

lJow4tYflr, 1t v~. _pporlmt tllat, ~/,pu._ • tcmdoncy for 1nh~rcmt1y 
1 ' 

j%'tt4tlll' hlt(trnljl .,adJls'''IIÂn, pr.eHJlt ÛI\ the 1101'. D-cclu •• l #liIpoct.' 9f tb" 

J)1.iJtd,ch' if c#utinS" th1. 4i4 flOt p.fwit MtsnH:w .. nt~i turtb4r #J4tet:in,e Qf 

th. G.~t:!Jl2f nor lu1n~1~. tb. v.rt1..;t1 ~Mn~.t:1.Qn d1~pl .. e_Mt ,b)' 1mprl,v1"i 
~ (""'"-

c"'""""t," ;1011. ta t .. bt tb. .10.;,.. of tb. .. .. II:'" Ob. !ouoty " Id j. t" rt j,,,:. .r 

\ 
" 
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/ 

/ 

.. 

l;,H:k I)f ;~dlJpt;d iQn ;jr~ jr{t~y"1J1:H, and b1nd1ng ~()ne6 bl'Illi/lfh CH!,l jl1'1"l$f'Xf~t 

{'Ol)t;ucr1mtly to prl~v(mt l:tJlupr-nf;;it,1Ilg r~I';1I11l~. 

Tilh wOIJld he lmrtlcuhrly 1Ulport:wt to IJCM.(W6 4t tht; nlirrow Ilx1d" fSt 

'" ()br1"rvt'd li b .. t,.tCiJ: tbnn ljUUdP4f.ttd fit ()f.p()rf!(~l/dn j/.lf'l(,.L~t çrOWllfi r"]HUy,: 

il) C;1;l;tjJle~ <mc~ (;~llIL'nt(tdt vr,()babl.y ~J!~n~ te)' tlUt IJJîjf(iflTJ ~smc;~ Qf t!/(~ plI1t1" 

nlJln matr:1x. H()w{:v~r, ,JeH'SftntJen 096Q,63) éii~Uoned,fli/11."H.tlr(~IjW1IJS out 
o ___ ~ ! 

1~1l b1Jt the JIlfjrg1nd f.(~W m11J 1,ll}t;t,.I?rld l)f t.h4 'fft tjurffJ,c4 of '" l:fJtH:1ns il) 

l~çlJ1,·v'~ lm ()v(Omll. 1nllll,te tlJUI.C~ frefJ o,f. bind1n3 1/lltu'f(tn1/11!~II, H~ ijpltc1fj"d 

1.h~ rhk of tJfftt.1nS IJp '" GIt~nt Hlt..nf,j.Qn ,~ff4t:t in thq lèft4Ct1.V~, 8rd.n 

1j1 ~4 r.eng4J Qf 2Q il) !)OjDll wh1.c;h, 1t QcclJrdng lit t.h~ c;rQwn Jlll~);-e1n, c;t)lsld 

h1ll,ln~ !Ciycm ·th. 1~IJtr""..nt 1j('..r,lJrliC)' pt C::3~UJ}iS" th4 ·~~r,()AlIll.tlndtjt1()1l lJy 

Jor~«lllit!m WIHlI tQ rBducCl th4t lHtnUQJl~f.f4<:t #nd 1/;IVfOVI; t,!O/lltmt floJ 1>)' 

f 
( ., 

CUo:lt:tiUy, tor hot}) 111IV~/UJ~?,on f!Jf)IJlt:I)I#, thlj (~d fJutJm fH~ 
IJt thtt c~own IMri~nN obt/dn84 ~.Jl t~ CUfftmt fltucSy 1.)' ,,41.l, witMn t;h~ lJpp~r 

.1~fII~u-ot sMr~1.n acu1,ty\ .u380Jit44. b)' (,'hr1l1t4#n'4n, (1966). Uowi:ty~r, Uw fJt;#n-
, ~ ~' 

4t1lrd dIW1.4t:1.(.m~ w~tlj M.jb, p4rtJ,<;l,Ihrly f,Q~ m..4Jtli<:1J f 
" IS'})!i W4i PIU't1Y, Jjl,llj 

to th. 1114, Vlfd4t j.lm in 1it;t;t,lr4cy 1.nl)1,I14Jlt ~n dl t;YJ'lljot1y ufllMS tlttlhno .. , 

-"lo~y tOI' 1ntHrtl,~t ,rtl.t()~t1,Y~4~4IP1t4 chi id~.l iQiI11 QI tl14 25pœ 

~ff.;t ,tjY;J g,rljjJ) rj~1j CJt phlJllIp!)Jjt4 I!lJm1ljnt, 

1 

/ 

r 
'1;;< 

ItJ~ dhenj>4f1.C;r 1 fi IIJr.t')Ilt l~ml)p"" 
• 1 

1 
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'\\' 
UI';H nit l>y t h~ ,H /'11" ,''.l'I'm,'')!. '~ h~l,h'I'\'~"Mmi,\~, \)1 f,"'t ,ll\rin~ ~\\h~"\~\l,'''t .','nlf'''' 

t:\t h,,,, ln th", Ch\'I,H,\"~,;I' RI'Il.,y, if llQI'''' ,,; .. \~ hl'dl\}l l""rl~,~,' ;\~ }~Ù\'I' I\W th" 
-11/ 

t'il Il'' ~"h}\i"Xh);\l m'''''Ri,,~ I,r .";\~II"R~ \t.'hi,'h 111\11 1w,I\\ ,'(lm!'," ri:" Ih~ r;,II1l~ 
~ 

1\""R~ 1l1lHH l'l'Ply") Illp 1)\'I'h1"1ll ,Ir n.,\,,,'pt~ml'~ 'H' l'I\.,.WI i,l" "f 1\ "i\t\lln)\ 
, 

\ 
,h~"i,,}l ! lw "I",m.~\ \'\ inll'I" ("IV;,lIHI! h'" I,,·,wr',h\\'p I",t,,,: l ,) "I~ml\"1 ,II I\~,. 'l'h~ 

/ 
1" 

i"""'lllh\,':I \l')n ,,( l'pmpIH'lI"'\)' ~m1\r~'~\t\\",\tly 1'1\1\\1,,)\11\,1 thl~ 111~\"'(\IMlh')' ~\lhlnimt 1.",1.)', 

,. 
(k~~lI p :\ ,'\)"1 t\\\~h'R \",'~rI" t'I \ f\'" nIlNwI', \,'I\f1 hlll',';\\ I)~ "'1"\ ""':'" ,II, 1"'1"" 

\'IW~ \M~ '''''y :>." '11)1''''' S,!). 1)\, "', ;md 1 (),O)\\", H.n, S~,9.'" AC' !'h~ l tnHII:\l 

""""R!i" lf' tl~(} "\IlTPnÎly ,,,:hl"V"I' \"~\\xc'l ,YI' 111 hl :\\"'ç\l'l'~,h'(\ \'''nt''I\l1y, 

tl\{~" thl~ 1';\ 1 ri'" \\"';\1\ IH fff'r\'\"'t~ l';''''hl\ hl' \\l~I'" Il) in,\ld: tlHl nl<" \'l.'h·~ 
'\ '\ 

"1""1)1\\""\ t,\,'lmlql\(I, th\\o,){'''c'\', if Illt' hil""HI" .. ~1 I)h,lll,'f IVr) ''''''l'ct Hll\)\r.'n tl) li", 

;:\ fil ill Il,,, I~r\ll'l' lIt thr' ;>~ mi ,'I','n .ù' ,~() ",I.-I',m RI'I\I\\ l'll:t.~ ,If 111c'1 ""1111'''«' 

\\~~('tdl :HlI'h ,H Il.'\'I'n''''1l m;\)' \\(\\"'1\\1'1 H i}\" 1 fI"iml, lI\\"'I\VI''', 1" III \h:~'\'r\\' nI f H­
l 

" ,"';:\Y f'"ply thl'\ IH'I\,l fil\' 1\ ,)(,1>1 "'''w,',), in Il,,1,' ""m"llt (Il,ln l' .. ~rl),"i~) Il,.'11\\1)-

1 "}\Y' '\\'\ "",\'(1, \\'fh"~" Il,,, "Im.tll I,mt~ Ilf thl~ ,~\I\'l"'\lt :\l'''\\I'I\''~ ,)(' .'*,1 h'~~r 

~kh\I\ll"H~ l't: .11 (I~,%) .. ,,'Il,l.,v,'.'\ film lhll'l\lW~~ ;I~ 1")\~ I\~ lOI"'" 

NI'fI"'\'\~'c'I. "\n'I'.'nt lYl t 1\11 \\\,\;\\, '''IH'~ln fit: f,ll1,\whlR ! 111' \'.\\\\l'I'~ 

t nt i,)n t\f \'IINt lI'l\~ f"llm t\~ l "P\' 1l\\1)l'1'IU~ 1\\1\ ~,)\t\.\,~ .H,t nM :'l'I'l'ù;\('h Il\l'Nt' 11,"-' 
'\ 

w~ll1"'~. ~1\llH' t,','hnll',,,' ImA~\'I~t.i,ll\I~ IH'P \)fr~\'I'1\\ lnt,'1' in thi~ \'l\l'~t' tl'l 

.:- .. ," ". '1 
'."' , 



\ 

(" 

. , 
~. 

" 'l'h~ ~\;\l';h't",,·11.11\'N ,'f \~tl ,H' (~pm .. 'l\le'I,i ('.1~lln)",," Hlllm\\ l,) l',)lh 

An" l)t~t,'1,'h'~ 111\1'\P"~i,'n ~\)""\'I\~. 

, 
~p\'!In :H Ih~ h\\I'~'A1 A~pPI't ,)( (','I)W)\ \M\'Jli,,~ And ~i\\~iv:\l ~(\I\t. l)I)~Hi()n tlHm 

Billl'p c\;h'h .,),)th IH'PI'I1\1'.'\lil'ln 'M~ l'I)tHH;\nt t'ô l' l'I\d\ l'Ail' ,'Ii', 

.hi~ l';\tlc'ln\ w.'\~ l',m~i,,pl'P'' Il) h<, :m fl\"vlv,) ''''\YlI'~\''~I''.'\th,,, l'If th", 
• ", / \ J 

f"''''lil~~;~f Illp ~ll;\p~ ,)f-A lHl\'I~A' l'lHtmf,,\' t'phlt~ t,o t-hp llltW{.I 
"----7 

, / 

tl\l""'p,i lil\~\\l\l. t"intl'lh ,ltl\{.I fin' :\\\Y Riw\~ ,W"'''~l\l ('t;Ill"'~I;\lh)\'\ tliNl";\"I'IllI'I\J.; 

• <f-
\\r'N\','ihe'ld hy "'\Ir~;\y:\m:\ pt 1\\ (19t"'.) in vit,'o, (FI~.14). lI\,)Wpvt'r', f,,\~ th" 

1 N,\l"I' h\' t~ t \\lB PI', l~) ~ i)\n i fi ,'n" t' t, "\1.'\ 1 \l\'~ 

1t i~ ~pr-dpM~rih~d th~r 1\ 

('l',\h'''~,L'',l4)1~). lo'\l\'th,"','''''wp, f\w the'l m\h'\'hw ,'l'I)W\\ l'\"'p.'H'nl''1,',, ~~h;\l'p. 

1\ t """" \W\~ ~m~~":l.t('l,\ ",hil'1\ \)prn"d tl 1\(' , h\II','l\l IM\'",in th" ",i"l'Ir, ,\~ th~ 
\' l','I\.tn 1~ \i1\\'~" :~ (\II1y tt'\\lh\lt t,) 1 il t ,)\'1'1 \\l~.'\ 11 Y t \"~;H'eh~ 1 h{\ lin~\l;\ 1. 

"'11 ,~*~, \)f \'\\\\l':~t', ,H:"'\)\\l'i\",1\\~ Il) inIH('nt,\ thllf. tth' 1'1111'1':\1 

lM\'~1\\ W~~ l")\lti~1{Ily th(\ 1)I)IWc'\' (itt'iI\R ~i1,,~(\ il: i~ tlWl'l'l thl\t l'h'\"Wdina 

-
l,'I AmtHt\1"'''\l,,'(t974) thc'l \\:\\'lit\st ~ig,,~ ()( 1'\"''I'hl.'1\tl\l l\l't'I\K,llywn :\l'c~ ,'Il'l 1'1\ 

th:\\\ -thrtt in :,'\ OI1Wl' n\W\l\I\~ "h':\t i\\n.~) h) wHlmtml\t rthneWl\ml ~I 1"'I~~. ' 

''l'h('\ .. \lItho\:' ll'h'l' ,l"lwl'n)(\~ ch'l~iRI\ ,\\H)d'lfil'~tin,,~ 14l th,' m~"'é~ ll) 

m1nl",1;1,('1 tlH\ ''';\l'~i" eH:h'I'\'p;m,'{":~ t\w:\ Siv"1\ ~'\'"w\\f.\ti()1\ \1i:'1"1\~"""',,1, hllt, 

- , , 
.. 1'. --::'1; . ~ • 

~ 

\ 

, 

t 

1 
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(k'\'lut'\.'\l H:\\'fitIH\\ t R~l:\t tù"fthtl'~ 

~ 

. , 

'l',f\ {'IHTrl:Hin\\ \,1' thf\ \,\'\'l,,~~t l',,mpnt l\lt~ \HI'l\~\"\IM\Wy, ,)1' .J 

d 
(1)\"\ VI\\'I1I'Al IHNI)"·h'''~''t., 'II) thp ~ln~tvAl ~I':\t "\\cl c,·\)~\ l\\;\\·~t" ,H,,-

'~~l,~n\'y w.'\111 nl)t 1". ~",ffo\'mly ~I \"""J'\ "t:\t i~~t\',ny ('r:\b'~. 7 And 8) A' 
. " 

hAd h~p\' ~~~\mw,t in .'\v\',\,\~p fH ~t \\IH~1'l 1\'\)l'lh,,~t~,\ by JOt'Il~"~P" (lI)M)), 
\ 

Ri\\\fm:\\) c'lt Al ,09f1l), Anl\ n~~~ptt (\9t'l:) •. '\i\hWA3 Ath.tbllt~\\ to tl,,, 

,Vl'\\'i,,,bl~ ~((~'t M t)f :my "l'it'A"Y hw' h,~" m:lt'sin ('~ltil1.n, to .th~ th'~\'p~ of hm .. ,!~· 
. , 
lo thi" ml\rat" dhlbwtto\\ (h\\'i,,~ I.'~IH i,,~, 

:\n,t t hfl ~\\l'r\"i"'l'n~r\' pff~('t' of t)hl tq\l~ ~~"t1I\S. , 

, 1 

'Il"w ni~{\'i\'h'l\, th~ \'{!'Ath",~hi.p (,')nl)Wc)tt ~l'I\t hAd bp{!n ~)ll)"N(\t\J 

fr,'lll NI\"Ii\'~I,'n the:- R(t,)1"pll'h' innll\'IWf! t'( m~q~in \lp~i8" t'll th{! t'pmQnt l\\t~ 

Nti~H.rti \\tH'l'('~l'ondjn~, 1 0 n,~ ll\\'J'\{!\' \Mq~'t" AHa'a of t.h~ d,:\,,,t'f!\~ 1H't\1':\1'1\1 h"" 

'l'lWl'f! W .. \S \H) ~dt\nifit':\nt "t't'h\IMl 'l1n~\\Al CIHT\'lh;t:ilm, whil'h ft)",)w"d rh" 

h\h'\'i\ , , y. -'"_ 

. '" 
Nt) ~iHI,ifit':mt t'O\'\'"tAt.h)nll Wl'\'(\ ~lmw" .fol:' ùi.th,'t'. i11\îH'{!~l'\fO".'. t 

I~I)\U'\'\' .. ,t thn "\I~t'\H\t ,'\',)\>;,\\ IM\'J\i,,~. Thi~ \M~ "'SAin :\ttrilnltl\d h), th" l'\'('''\V~ 

~f(N't l\t the' ,trlS\t:\' m:H'sin, (0 thé' '~\\'go m~nhtH:' of v:\l'iA,nt'~ :\t't in~ At' thll 
J ' -

h\\I'I';\l 1'l'I)Wn llHlQ;l", :\nll p:wti\:1l1;n-ly Il) t'ha ffpt~t: of m\ :\1~i\'.'\11y hwltnf\d 
" 

\,-A 

.. ~ 

" ' 
.> .,,-

e· , 

- " '~j 
~ _ t1. \ 
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1 

e .. 
i-" , 

F~\l~ 1 hp \','\~t t\\~~ M'"" h tmlH'J\~~ in!' l'h)m'I'''~ t'h~\'i} ~~~ 1\ "t}}."t .. ' 

fi 1','\\\ 1 l Y Rl'P~ 1 p \' ,'\NNIW 1.'\ 1 i 1'\\ \) f "\\)\'p '" \)f\~ t' 1t ~ \H' \'l'Il\IH'f~~N hm v.,)n~", (t) , " ~ 

th~ h\h'I'()~lf\\R\I~\ ,,\~l'PI"~ (""n,tH) ~1'\Wc:\\\ f\~I"l\ Ih" l)l\\H,\h'~lHdly ~~timAth)'H', 
/ 

1 

'l'hi~ \'I,nl'm'l'PI' ~lth Ihp Nhl\il.'\l' \)lH~pl'" .. Hh)!l hy Tpt'~l'\wk :md 

~ .. ,,,. \ 
~\Wd (\I.}(){)) \~n thp P"P"I'l\w\\t.H Il"l\l fi t \)f t'MUnRIt flH' I\nt frit)" \'\',)W\\ \H't\ ... 

/ lHUAI i()ll~. A Rr(~~' p\' t ~nllpnl~y (\)~ ",~'~h)'~IH~tI\' ht,~\'h'~\'\l\l\i"~t th~ t'h 

h~l' lwpn l'I\I""'''I"\\I., lH',)jH\hly \)wh'R t \) .'\ l'hyNh'i~\ l'I)l'II \'.'h'l h)" l)l\t t p\'l\ 1,,­

lw\'pnl flH' lhp R(\I)m~t t'il' , Mhl\pCl \)( ~,,' t't'1ôt' 1~)\o1nl4 dul'inll t'l~ (':\tH {"Il pro-

1t hl I.hlltl /mRX"l'll '\1\ th:H' tht!! llWtd.'\t 1\\\\\ IH~t:\l dt N\\\'f.:h'f1.1~ 
l , 

\)( <':\IH i\l~~ (\)\' ~l\h~l'hw ,'1',)WI' l'~'{\l'~\\'~t h)\\~. l\\'{) thé ,"ùMt Hk~ly ~U~8 

,1IWR(\\HI"" (19()O) "h'~I'l'ih{'I' tl\~ l'hl,,,,'l\\{lI\I)\l of \)hl 1<t\l~ RI'l\ttllR 
~ 

n"t,' ,'l'ml'nt :\\'1 iHf( in 1\ :w~\\1 ('ll'~{\'. :~yNt.(\m. nl\l~ll~tt ~1966) "\lI\~ ",\:\hlt\ to­

",~(h'I'Q t his :,r("I,t \IR'\nR Mtb\l }\\\t,'(\ }\"\),)\II':4 in \'l:I)Wl\ 1'1'~lM\'~~tiO"". Ih)W'-
, ~ 

~,,(}r) .tO\'s<,nR\\\l fp~t thl\t tho 8r"l\tc~r ('t'm~"t. flo~ .. )btl\h,~\t t'hl'\'\\lf(h 1\ ''l'nt.c''! 
, ~ 

C~hH' hlS ",,)\\ li' 1'",11\\'" th{) l)bUtIU(\ ~<'I\t tng (lff~ct by l'I~(t\\dIl8 th~ hyltr.\)stl\tic 

~'H' }{lc~i\\ ~19lt) ,Ii,' ,,,)t "M\W,' Imy Nt}\nHoh~lmt. ,)hl tqUtl 1~{'l\t il\R il\ t.h".h: 
1 

97 

11 
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V? 

D 
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.. 

( ct , 

o 

./ 
tn th~. ("\\\'l'~l\t ~t\hly .• ~ mlh'l'l)IH't)ph' vi~1\1'\ l impl'p~lo\il'l!\ intHI'.'\t ~d 

.. , 
A l'l\\h.tpt't t\)c\ nt)l tq\l~ !ip.:\t inJl whif'h ,o,l,,\~ \'h"" '\!ll\'\\ ,\1)1 l'I\\'I\lnl'lt dl'Al ty. 

~i}J." l t'i,'~nt \'1)1'1'''''1\1 tnlH~ (l'~ t(H) """l'A ,,"r't'n\ 11p,' 1\I'r"~,, t hl' \'I)~I \'.1' 

'I\t"Pl'l\\ \'h)\lm~l hpl""'~fln th9; )\il\Rt\)~l ~r'l\t m),l Mdo'~ol""'\HM\ hw~t 11)\H\ 

1 

(T~h le' 13) fI)\' ,'l'm,","h'l' "l\~t inRIol 1"'1)11\ hMh im1wPIollol hm ~I\I\\·"I';~. HI)w,'vpl". f\H' 

(llh'h 1ml)\'~~/th)" ~IH1\'l'~ Ih~ ,',W\'''':ll i,\" W,'\1l it\l'I)ll\l\'pt~ l\1'\'I)~1o\ I)\\e' of l~ dlfA- .<. 

,---------
RI""'\ 1 ~ r I)l' t h" ~,'\ml) '". 

, 
,,1)~H'1\m~ wr'\,p I\l~\) \l:~e'I' h\ ml)"{t~w th~ Ili\'p,'t1oll o( l)hHq,,~ 1olr'l\llnt\ (:r~h'PIl 

13 i\t\" 14). 'l~lu~ dh,,\'t lm, üf t\hllqlu' ~f'~\Un)\ j\llh~~I' hy t'hn RinRt\)~l IH','\l 

) 

monH\)\' ""M~ th~ ~~m~ l\M th~l J\;I\)\\\" hy thé ~.xi" Ol'duliIl\t IMnit\"" (01' 1.0 "ul 

of 15 N\~l tn~"1 (1)1' hMh thc\ R\lhhr'l1.' ",,,d ni~t \'i,~htlt h~H'Q~~im\ MI\\\l'I.'ç.". nlth\'1\lt\l\. 
1 

'/t'hù v~'h\ l'Mf InRI\. fl)1' whtt'h" thtl\ \'Pl.'\ .. i,mshil) of' :)l)'\.tq\ln I~('~\H"R ht\ld. wL." 

": J 

l\\)t l\lwl\)'l'l thMH' fc)r lh~ ~I\m~ lW"I'~H't\t il)IH4. 

/ e ~ 

\ 

l)ll\hh~tl by a\\'I..'\t.'\t 10\\1\1 IHtlpl.'H't~lih'nt ~\ll,,,\'inll'IHH~,tl o"to 1\ vf't'lfl':ll Iwt'1\1l'l.11 

\U,Mp]~\t1(1m\'>\\t \\n\h'l" th" infl\lf)f\\'~ l'If th<, t\N\t ing p\.'l'\~I\\l\'''. ,~\\rl t h~ "("lm' t ~mt 
Co 

l l\)\o,lr'VI' lit Il lM 1.'(1 ~1'(11'i f h~1\ 1'1 Y Il c' l'l i Rn pd 
l , ~ 

mt"tlh)" l'If in\){):~t tS~\til)l\ l''\H''iM1H 1)( t'h~ ,Ust "nHl( im~\ lm" ,Umt\\Hl1,ms M' rh~' 

pr~jili\)a tnnl\t~ ~pl\CQ ht"t'~c\r'n 1\ \'.1IH ing I\nl\ l h" ,1)~'ÙP~\l:'l\t tlm i\~ a l'\)~liih' ~ 1\\­

fLu\\i\'t\ I\r~ 'WI\,h',\ tt(\I'~'lhH\\S l)ll th~ fil", thidüH':~1i pnt.t\nt1i\l ,)f th" t'I'nh'nt 

t'If. ~H'''lt.h,~ ~ll "i.th()1:' b\\I'\~{\t 0\' Hn)1\H",t tlh'{)\'tlol\ ('l'~ht,~s 13 lmd tJ.). NèVùl"-
1 

~hc"1.~1~l tho m~:\n~ of th" ~\lI~I'l~ •• 'lnR\H\l .111 "l'l'I:n\;c)$ :lt th<l )1insiv~\.~t\~t nnd 
~ 0 0 

modo ()\'C'hWl\l.·l'~)$tU.OllS d\l,)~f'l\ lo 1l1~)"ittn' \)h,' 111"0 1~(~l\t i\,~ WlU'" '~" \w)1~\t t\)~ 

'VA' \lC:O$l. 'rhis impllé\d {\ lt't\nd for t'h<, ,'Mt inss f\'ll' full. l'\'~\,,h lWt'l';.\t';\l h'n:t ml 
c, 

9~ / 

\ ( 



, 
\ 

\ 
\ 

\ 

" -; 

t~~t tn~ i~ r~q"1r~d. 

l\XI,lt\nl\tit)lHl h:w~ hpfll\ o(f"l'~d\ Fh,,.tly 'lt l\l\~'hpl'I\'\ ""\AAèl'\t~d 
1. 

IWr'l~rml'n \)),01"1\'\'1\' fl'om th" \TlMr1 \'~t 11'" pl'fllil!\\\l'ê Appl i~\l t lll'()\\~h ~\\ Iw;\n~~ 

'''')Ih' Nt il'k t \, th~ N\lilt:tnR8. 'l'htlil hl\\\ h\'l~n \\~,,\t ta n\.'\intAin ("n 1il~l\t inR 

In'I\H~m'('I, HlwpV'Ç\r, ~1,IW('l mOMt of lh~ I\\'(>l).'\l'~t hmli W'l\l'" UPI)" \\1'1''"'" .. m 
c:;, 

t hp IMlhlih"hr h')é\t h "'1)\11 d hl\\I~ h~l'In t\'~\~~l"Mtc,\d ta lll\ ,t)bHq,,~ tilt "nR \)f' tl~" 

\':\~l tn~~ IWI'l\l~~ll.y b) th~ 'Hh'I'/." l ",hid\ wu t:h~ rèvÇ\h~ of th" t "~nt' 

dMH','ib",~. -

" S"I'on,\ly. ,'AtA lh)t lH'{'~('I"t(l(, il\ t.l"l~ thc"th. hil\\;c:,\" tl\At the), 

~ 

Jt hl tht'ù\'hlh\ tlll\t d,,\'iI\R t1," N 1mt}\\tAr.1o\\ of 1\ ('I\Nt'inR. 11\\'1\'" '0 
WI)"hi h~ ,,\ 1ti,~nincl\1\tly ~"('I,'\t~r nmmmt ()f \'\~I1'iC.mt lo hé ~X1WMh,,',' fri'lIlI lH~-

t't \'r'NhHmw~ ta I>lllAtillR llltRht hl" rc'lflhtt\\'\'Id I\t t'h:\t J~w~t.h.,,\, '1'1\\'1 ,'\'mll\\ 
/, 't: 

l\1'PI'~\'~'H "hm fIn' 1\" ~mt ~\'h)l' t 11,), h ()ft ~n ()bl'lt'U.'V"" A :IIiR",UtMntty 1 ,'m,,~r 1ml'I'1\1 

I\dA\., WAll. nwhlg, lo tht'} l)()~Hil)" or t'h~ lAMAi· g:inahA. Thel I\hov~ tlwo\:'y 

w\)\\1,i, th,,\,(\!orê, ~\\~aMl\ thl\t:-;- t)\\ c"m,'nt,·\tion. tl\<I cl\t4Hng Wi)\11,. :'1(.1-'\, ,~~~. 
\ 

l'omp\.~t~ty .on '~tll lon8~r l)\\~(':.\l I\~P(\('t for I\\\y stvt\\l vÇ\t't:t<'Al lh)~l inR pl'(~~S'" 
./ ' ~ 0 

m'Ch . ~~\'(.)W\\ W'Out,ti t1ml'l t.(~nd t.o t,llt,lwdHrH\lty t)hli,qualy ~Il lh(\ l'InR\\1\1. 

w1lil'h ts l'h~ OhS~l'\I(lId t"('Ind InlHI,,'stt'd. (A l" inic,'\l ilnlH'l"s~i\)l\ 1),( ;\\)()Ilwlj 

• 
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\ 

\ 

'p\','1',1h1" f'lXt1\1\I,l\\ ,)( Ih~ ~HMf" c)f flnic' n~}W ml\)' (}(~4'lt' ~()mp ~\Ih~r~lH;iÀtim, 

" \)f ,tfil'\ ,hc~,)\'Y. N:\mc'lly, 'it. h~~ ,)~(I" OhSc'lI''lé!\\\- t'hM chu'inll thè l'c'l\'c\fcHnll hy 
\ 

1\ ('\\ml),\lIlh' \\;"'\\ iil'IW"~Nllw, nf :\ \'r')"'1) l)?'l)I\I'l\tic)\) \~ifh "ms l'h'('hl"()~ 1 

l' '1 

KIIl~tv~l IHnwn~ll'n~ M' wlHc'h th'" ll\h1l\l ~)lhl ~i\n 11\ ~i~~,Hic',1n1"y t'h~' 

il 
'\)\\Rc'lrH) Ihe'l "IIn'\ IMy h~ ~c'tf'ln (I) Hft: f"I)11\ lh~ l)\\\~,~l\t ll,in$1t."Al ,'\"\'c'l(~t 

~l\t'h t hl\I' -PX! r:\ ll\1 p,i' ti"~~t: lW(lI4~\lr~ i li "~t\l(t",d t\) p'H~\ir~ 'l(:ll'l f ~~l ' 
, 

C')n\\)f'\" NIH i ,)n f>'" ~Pl\l~1\ t M h,,, lH ~l)' :\t'e'ltn~" t 
. t" .. .-" )"' '! ~ t_ . ,., , .. 'E'"'" ~ If 'II , ";..,~ 

; \ 

:h'vf;,\'l'\l lmlhcn',. hj:\v~ ~\I}\Bc'll'1t(lit Ill"l\M\Il'CUJ, (t) (~()tnl)tm~ltt(' f\H' thè 
(' 

<'c'llllc'lill Al il)\\ IH N\"'(~I)j\\H~~! hy 1\~~\',,{\~1nR thé f'p~hltl\'l\~O t\') ,,'~m,,"t n üw.' i\nd 

hy h\\1'(HIl~/\ t'I)'p\'l\n"ê t)f fit int'o thp 1'1'\)W\\ IMl'l1in ~'''lili~". 
r 

~\\I'h m"nH)<t~ h~"" tn<'l'H',,<f intpl'lH\l \',,'inf hy l)ln'~. 

( 

r~'l('ln~() t'~d \'\) p1~t h'l". {\lh\ toH Of' v~\'l\i~h ~1):\('\'ir8, lh'lwé'lvpf n,,~~~ m~:\'" 

~\\l'('ll\ ~\'('l 1"'1\\1)11'1\':\1 ,1\\,\ IHH11'\lll Il) "I)IH\'\')1.. 'rhé (~\\\"'''IH M\ldy ~\I~~"I'Htt 

Ji 1. / 
th,,,t 1ntc'l\"",l l'I,li,,(' "',"11" h~ h,,~t· AppliPt' t'o th" mi\\ i\xt:\l. l\\t':\1 1,)n~ .1 nt' 

'1 

I>ll'l' ('\' (,1 vc't' y Whl~" "'1\ n'I\I\ t,fld. 
\ 
\ 

1 
~11\' ~\ltl\~ ~\'O\wQI' hl\v\'! \Wl'>l\ N\\RRPstl"d) b\lt i\l'l'> withl)\\t ~iR"t­

/ fh':mt ""Im'I~. 
,1/ t 

• 
èkl'1 \lNItl. V"l\HI\tl lHU\ \)(1<'" ~h()~\ h) il1tlWI)\tO ,\ItI'l y \'l'U\l''nt , 

Ilwnt. ,'hi:ll ilit :\1)\)1'1'1',,\\ by SM'!" ('l1nh'i:l"~. hut l'If th,H~". IMI'Y' :\\'fI I\,nwn'ins 
( 

\00 

, 

1 
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\ 

(\\\,t,\l\\ly, if ,\ {lIll (!ni~h ltl\~ tR .1PI'.1\'t\l\t ,'" th~ fil. ~\ll't.",\'f} ,'1 -1\ ,'.\Nt .. 

t·Il~. Ihlll'~il\',~;\,\y i)"l'lt~~ ~ ",ilh)\, \w~" ,,)('~nct,m\ ~()ll'lt~,ldn~ "~th~l' th .. ", 

''')tht,,~ m,",y i\"I"Y ~ ~() ,. 1~OplTl \'nnR~ h) th~ '~\)\tt M' ,H~\'~r" .. ,M'Hy ,ho)l)~\h'-, 

t\l~ ,'l' 1\\'\11 t l,~ t'it' h l\tl~~~~~Ii, «(~hfi ~t ~n~pn 1,966.0 Md.Mn Alh' "~".\\ll\.h) t~t· 

19", .11'l\(l1ij (If- ,,""H' .. '\\h' l'hn'tl'~ 191fn. 

~1~\ .. wp ,)t)int' l)l' :mlw\'iml)\)~f\(' hpv('11.~ 1:>.-0 - ,')00,1111 ('1)ttl"ll)~h)n \My hp (\:\~ny 

lWI)"~\\'c'I\'. lh)w\\V~f) \)'t>h\jl lI) 'lh~ tf'lh\Plh'ly fI)" t)hl tq\\ê ~\I~t in.ll "r ,,~~t I"N.~) 

.'\nl\ :\1~() '\) 'l'M~t i\\~ ,"'"hn-l'lm\ QC tMn m~~tÂl IMrgt".) Â '''''R ~'f'I\V(\ .I\\int 
/ 

ln' ;\ ")IlR lWVl'l lM)' w,w~(>n,thp m~\\'ll,h\ ~Pl\l l)i<'t\\l'ê l'Ath~ï'l:llA\\ imlH'\Wl' it. ,-

'l'hl' l')(t~~iV~ ,,~~ l,r, 1\'I~t~1 b~y\",d thé' lW~\'H\rAti.,)\, IlH\\'s·in hl'\" 

lw(>\\ l'I'i('idlt.{',t IJlj'h,d(mt~f1,y by WI\~rhIHlIl (19~.'.60) hl mAtnt~intnJl lm ,'m­

df':\l\n:,"'l' Inlh)l-t\\~tv;\' l'\ll\q\ltl. ~,~d\ An t\')(ti'''Nh)\~ :l~ I\'~\) thl)n~ht" h) ')l' 
... 

l L\hl~ h) ('t~t.t)~'t flm Ihll'h'" l'IHlt 1,,~ ~\\h~i\\Riv.j\, ~"I\\t"Il' n",,,,\\)c'l\' \)t hl'\' 

''''I)l'k<,\'~ h~v~ m:dlll,.1fn(>,i \'I)"""",,..',1)1p 1'1 f"il'~l ~\ll"'''t~~ ",it'h 1'\ v~"~ 1\\'1''',,­

t 11;\1 l'l' 'l"'~ lwvp', ImlH .. \'iml)I)~(\d 1)\Ho :\ d('!{\}) l'lH\mfà\' O\.' ~lh,'1\1 \1~\' ll\1\\'R in :\~ 

r 

/ 
, \ 

';mt ,~r":n' ,'\,,)'\>.1\\ \':\:H h\1 'I\ll\~ t~h\,~\ h) h~ '\7)'1'11. 

"'" Mimi1Al' lf>\\sth "pt~:\lly incl1"~ b('!vf>1 i~ ~"p"rimp0Rt\d ~"to ~vr'ry rhnmfr'rpd 

~U\" sh()\ll(h~l' ml\l'sin, to (;()1npêIHu't~ :\nd fUl'th~r cl\)~Q tl\~ l~rOWll nll,q~i\\. 

C()l\vP,·~~ly. -Il but.t joint, ml-.<1l11\ mi\y ,,~h'n\\)l\lit\·:\t(\·1\ 1.:, \'c~l~\t1t)\\-
1~h11) l~) tht' ÜI~d\ll~l\t ,1\\t~ ~tt tl\\l~ {\xhiMt l~"pl~ \)t: \-,,\\lt'\\(. nt. tl\Q ,'l't)W\\ 

IMl'sin W,fh'~~ :h~\'I)l'IUn8 :\) N\wm~m· S\~hwJ\rU .n,,\' l'hi l t tplt 0963~ \\1~'\y {'\h'\)I1\';\!\~ 

\'{~'''''l\t ~1~l'1()h\th)\, ",,,d P'~lll\\t' ~\\'~'l\"I\'l\th,,,. Ih)\~'~\tN' hHlsit\hHnlll :,t\\l~h'~ 
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i\\'~ l>ltUt \'{'I",It"t ,\\\ th", M(\l\\~i\'-'\l i~,,\)li\, .. \t i\m~ \,( th~ \l{1~\,~", l'If IM1'ih" 

fit. '. , 
\ 

A" \'\ 1);\1 iv\\ly "l'\H in~ mi~ht. hfl \'fI"\'""I'{'Inl"~.) l' ilw~ 1 ~Il'th~,· 14i'1:\l' 

• • 1 
i,,~ iml,l i~/ll 1{'1~~ m.'H'Jl,ln 1'{'Im\~nll1' i,'l\ dhh"'Q\H\\h~y :\I"t Int',,1\nh~M \,bHq,,~, ~~4\t-

~ns. Il,,,,'~v{'l\', .'\ \"''',\ flw \lf\\\' {ng /'''l''i~~ Ilh'\l: ,'h~ I\YIl"\\\\Y";'Wdl! "ff~\,t 

t\r th~ 1'\I\'\'fI"I'ly \\~~\t l\.,\\'th"~ l'r\m{'lIH~ h t",) ~1'(>1\t') in" ~\\R~fI~ll\ tl\è \'I~pd 
~ 1 

(ùr--\ww tYI'\~/ll 1\( l1.~'\'I\ f11m Ihh'KI\{'I~~ \\\'mr'"t'~ ,,,hll'h ln 1\\\'Il will ."hl) 

\ 
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'l'hé r,)p\),\di'~ ,'\m\"m\i"\H~ WI~l'~ ,h .. \W'I\ f\"\'H'I'I Ih1~ :H\lIlyt , 
'\ w"'~ ,'\~~l1mp" Il, Iht~ M\l,ly. th,H \hp ~I':"'I~ ,h.\I\""1"1) (',1"t1,,~ 

:\\ht ~\"\~\h1\'(\tt\,n. \h'('\Il'i~lt l)y th~ pl;\~I,lm(Îr \n.1lprf~1, t'PIWI~~{\llf~ Ihp ('~nlpnt 

Ihl,'l\\Wt~!l, ,1l\d hf'>Ih'P th~ l,.\I'k I,r fit l\,~.\ Ih~ ""Nli,,~ h(\\-I\\ l"'Illl:.\IW\lI'ly t'p"\{'n" 

lpI\. ,'hp l'PI',Wf'>\'p,\ ~'pmpnl \\\tp Wà~ thç\\'pf,Wé :\ mp:\N\\\'~ ,)1' tJ,t!I :\("'\I\\lh~y \Y(' 
1: ,- ~ 

th!' Iml'l'I\N~I"" \)\'i~t,,) tl\p 1t,\t),w~\"wy vIHil\h'~~ .'\n,' Ih" (~f(f'>\'h~ \)( l'I'\'W''I.'\~ 

l);\i\' 1'1' ,tl\\\wp~~I,m~ w~,id\ h;\,t hppn \'p,',w!if'>d ~P\llll'nt1fttt)l f',\,' l'I\\'h l'\;I)~'' 

1))'1'1';\1"11 hm in vh,,) , 'l'hlllil, "li)' IH:\tf/1itl,~'Y l'\t~\)tfi,'mlt mt'",n ,ufrl\\:I"wf.I 

ln t\w fil", t'hp ln:\tl'hf'>"t P~\1l' \)( ".·\I~II")l~ fol 'I)wi,,~ "(lml~l\t:.\1 h,,\ W.1M 

\ 

1. 

1) At:\l1 Idh't\ (,f ",(\~~:mh'mp"l' 'I,r l'''llll~''l'l\ll~ Il/i,'klW~~P~, Nm~llPl' n1l';m~ 

Imd ~I :m,'''\'" ,kv1:\t il'l~'~ W(~,'p I\NNOI'1I\t p" wH h l'I\IH in'I1N .1",'lvp,\ l','.,,,, 1 h" 

I")'y~\\ll'hhh~ \'lIhhl'l' 1m\\l'c'~Nh)\\ ~"\l\','e) lhl\\\ f\'I)ln the) lHt'Il'1I'h'N th,,\,,\\,~ 

1',.1N"'t il' """\1,,)\11\1', ~ith""t' :my IH I\t 1 ~t il',,\l \,pvp\'NI"~ • 
. 

~) l~rtWILm('l\l~""I'",pnIN ,),. th" ""1\)[',,' 1\1(" Ih1\'1.",,~~ "1",.)\'.1,',\ l',',)", th" ml,\,nç\ 

1)\\('1~\)"~1 h\)},\IAl Infl'N' ~t'\'t tl)\H~) nI) ,~t.'n itH f 1'1\1 N~~"i n.';m,',", \>Mr~ ;\11 rnm' ,'Ii 
, ' , 

Il') thl' \)),':\1\ dilï'l'l'{'llf',' !'l'I\,lI'I'n Ih,' lllnll'h"I' l);dl'l~ ,)( "7''''111 1\\1" thl"K' 

"{"~t'l'l\lr,H' \'l'{\''''h'8:~ Il\kl'1\;\t thp \',',)~n mlu'R!" '''l';'I1,)\). I\I':\}\II\';'\ "")1"'\' 
: _ .. .J~ ~ 

'i,.\~ . -~ • 

,.;,,~ .. m f1t'l)~i,,~ 1\~~\)\''1;\(",' with th" Rllhhr.-r ~.)\\\'\'C>. lh)\~\'v,'l') thp mr':\\\ 

. ,r tHff""I'\WP hp\':\m,' ~t;\li:,tl\, .. ~11)l,td~111fh':mt':ù Ilw mf,lnMd.'\\ I\Il" ,ndl)"; 

\'\'t'l\ll~.~\ l"'t~it il)n~) l\~.~\n~ l,' :\ VplY hi}\l\ h'v~l ,)r :d~l\if!".\l"'~\ ~~I 
i ( \ 1 . 

"\"""1~:\l l <h':H l,,,,. (~v.1\1l·fnA t~l~ ,'1,)!olp\' --F-H <)f RIIN'tJ'. 

3) -An in<Hl'f'l'l. l)lh't()\\""~!1y 1{','hni<tllI~ I,n' ,:~\'(\l'fl\}\ thl" l'I'n",,,t hlll' thil'K' 

IW:~'~,'~~ :~\\l'I)(,\·t P\\ t h~ di ~ t rfhllt i "l\ ,le'l" \ f h",1l hy t 1w 1':\\';11\1" t \ i,' 

l Il , 

1 

~.----------~--~~~ • >/ ' 
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~)f fH~\M~ ~llt)~ll"h) h",\'p Ntl\thHtl'~l '\lI\H.HlY wh"" l'!!Ihtt',l t~ the' I\M~C)'" 
1 

œ:/ 

d 1\1'~,' m~l\" 'n' '" t'hi"'~\,~~~~~ rM\w,'''t' 'At tl,,!\ lH\1\'I~ \"~I\t1\)"" \)! 1'I'I~{\~\,r,,'" 
ri 

<'I\\)/\h'" t,f ,'\('hi~vi"a 1\" c"m~~ 1\ ftt r\)u,,~t"a c.'~mpntl\ti"".1\~ "I\~li"}}.R 

1 
frùm ,h~ R\,hh",· ~\)m·(~~. H\)w~v~\', t'ha hl'Aar m~4\n V/.thlPliI :md t,ho 

" ~)'t\M'PI' \W,'\\l'l''''\1'~ of l~\')\~t' fit. \\h~1!'ap~nd~ .. A"own by th~ lHMl'tc'h'M 

l'Mt i\\~~ t,,,U '~I\l~' lhl\t tl,~ Di pt 1'i\'l\'; i1\\\WPRRim, 'l\At~'r1A't A'~\ t~,'l",~ 'l"" 
l " 

" i~ ,,\\hJp~t t" ~l'~M pl' \}~\'nA"ént di RtO\·t'im\ \)\' "0 \)\)\)\,~l' I\I','\\H 1\' h)" th~n 

'h(l \'\I)ty~\l\.\)l\h'p ï\,hb~r. 

ny ll)lft \, ~'I\M t i "t\" t'\'I,'TI\ t "CI Di pt l'tt~h' li ~ h"flrPRlit h'l\ M()"f.I~a lH'PRPlfNI' 871 \ " , 

m,)I'p .)()O~ ft l lwnp~ (l)heH (ht~n~ i ty ,'~t~a')\'Y 3) n):m R\lhh~,', ~ht>\'N\_ 

~'l\l\t inRtol f\'01'll?h~ R\\hlH\l" il'l\\H'~~~h'\l ~~)\I\'~" lWt'r(h"'p,i t'Ill'Y 40~ lM\'p t" l'~p 

fit: M\lPi~ (~':\t:~t\\H~Y l) eth"" \)iptykh~"> 

')l'~vil'r,,~ i,wp~ti~l\t,w~ t'i\\l~\ l\ht'r\oln thi\t I\p"tl\l th(wIM\)l,'\~ti,' ~'\)"'\~"\\I\\i 
m:H'{\ril\h ~h~" {Il thit'K~l:' ~~I't tù"/\ l"'~ \,,~\,1''' li I\hl~ to lm il cH "A \11' 1\,,\' 

( 

\'~h~I\Mi\\a \'('l~i""l\t IHt'f.!~M Ih!\'tna <,,)I)Hna> 1'hf~ mit Y ,'«,11\1'«, te) ':hp. ,'IIl'l'l"nt 

~,'m','~ (1,~\tl\lyH\' ~I~t) \oIpr~/\h'lt~\'mi\\t'\l .:\t t.h~ \H'('''\!~1\1 i\~P{~,'t~ ;\l'tHI\\t\ 

\oI1\i d\ t hè t't)n\l)()""'\ t m\wf'~~ hm lM t l','i 1\ l. ~")\\) li hl\\t~ hc\l"ll f\t 'MX i '''\l1lI th i dl; .... 

'l'ha p,"t'lttM' l\\lI.~ thi"Knl"~~~~ ,,,,l'1\l~lttly I\n,t l\'ldl\t1y Ih't'~"I"iIW\' (,H' 

(';'~t'fnf r''c)m 111~ l)ft'>t.d:~h'~ imlwl'~~I~i\m ~\"n',~" h"H(~I\t'(l" thAt 1\ ~\'c"lltc\\· 

tmll\t~ t~I):\I'G ,H" \),)t I\"OW for S,'~:\h"l' \'(~1\\IW":Mt'ln~ *~i\t'I\\~ h) (\~~i~l 

\ 

\ 

,.1 
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~) 
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,"' .. ",..""~_ ... 'Â"rl" .......... - _.,..~ .. ,"-_h", .~." ......... '"" ...... <t<'"~ ... 

l 

\ 

\ th",( ~,,(nd~IH t'hhlil)~ "1,,,flliI N\~~hHt)lt \~f(,h \'p~i\',,~ n( ~r\';Hpl' 

illnl\lp ~l'~"~ h} l'I)))t\,,\)\ th~ \\lli-\Mt~ ~p;t:hJ8""" th~ "A~ti")l', 
\ 

l,H' ft'1\"p\Ù'flil '\n ;\Nm',\\·)t l,pt~f'I~n th~ imlw(~~~il'" ~"H\·t."Plol \w,'~i~t rI' ~md 
/ 

\)""~t l'~I~I,I t\) th~ (finAl 

",,,,,, 1\1 if\\\ IH ~l" *'l'm(\nt 1'Ift' ~\t t'\n,' ;\1\)' \\\"'I\nu'()\.' Çl' VAl~iÀh','~ AI't il\~ , 
\ 

1 

,'h~ l'lt,~{'~1' \\lpl\n f Hill I\"~' ~\M' l N~t Iiltl\\\lt .. wd d~vi At it"'" w~\'~ (\H,,\d 

A' th~ mfl' .... !\}tiAl h\I':H l\)n~. /\ 

St"" 1 fil' .. m t t i ml) ,'ÇI 

~, 

l'l\,~p fH \H' \'I)Il\\W~t-\l~ il'" :'.\)\\~~ '*"~ ~hl\~n >\t ,'h~ 

(1)\"'1';\\'1'(\ fI) il (",mifllt' m~rt\in flntl"\h) (hm\ rlH' thl\ mlH'p t:\l"'l','d 

IMl'l\il\l'\, ~\lllh\)l\Rh nô ~in"irk .. mt dtff\,\'p,W~ 'W .. \~ ~hown \wtwo;\,\\\ 
\ \ 

" -
",hich "'In,h' hl\v~ tPIH'P" tl' l''\\:~~ th~ \\l\S\H\l l\\1\\'nin ~\\\d .. \'\\t~\tt\ th~ 

()( '" l'\'I'P;\l':\t 1(\" m;\\'xhl \\1, tlw fit (y{ ,'\ l'\'~),,\, hh'\\'lltn flH' ;\ )\ivI'" \)\'1""· . 

ln) 

o 1 



.. , 
'. ' 

\ 

\ 

,.1 • \ '·Y., 

'l'h,, "'<';\\) f'tt ~t t'hè ('\'I)~' lTtl\\'llh\.- t"''''wh\1l e~m~nt.4th'n \~ .. \t~ \~Hhtn tl\~ 

'I)\,'~"it\\\~~y p~t,'\l)H"~h~\1 HmiU"M t.,lh~t'ltè'A'U~I\!\"'~\\t AI\'! Mt'~l,t;m\'\t fl'.l,' 
1 

.1 ,~\lh~fn~f"tll IMl'~fl\, n,)Wèv",r. lhr wl,lé \'f\vhU,,,,~ I\h,)uC Ih~ m~,'\\\~ 

~\lM,>~tp,\ th~.' Altl\\)"~l~ t'hèM~ lnAl'gtnM hl\\~ Jè~~"l\~I~Q\)t~dWlthh' th~~\\ 
._- \ill\iI~ l't'-hw t,) (''''''t\''t4H()n. th~ \\\h','mt\'()llè,t (!Ir'(~~t~'()t \'~mt1l\'\t~tt~"'. , 

\1~h'R \'\ll'\'flnl.ty I\vÀi\4bh~ <'(llnt\nu. ,,,,n\tt,,ty th~ nH:\l:~tn \lh~\'\'l\)A"cy ot 

,~ 

, 
(11)' im\\m fit At' thè {'1""\Yl\ mArlin ,,~1,,~ ,~\I\'l'pnt c~l in11'lll lllptlllh!C,l\)l\Y 

i 

\ '1 
fl'hi~·M 1\\\ ()h.'flI't'tV(!I O\lAht ,"0 h",'\)'."'n 0"""1\'] c:\Vè\\ \\t~t\'ih\ll "),, 

M ft l \)I\"t'h'.\\l4\"Y ~l()\\g lhr MliAl Witt YM' A l'M~t~ fit 'MY I,Wt Il .hc:\ 

A l'll)"~ fi'! '""Ih(l\' thl\l\ A" {à}t~flMf.l1VfI-ly IW h'\'r~\\l~U'ly MI)~\.'{~d flr. 

b }ll'\)\lf<lQ,l; tlMl: no ~l1fPQt~t ('''C)'c)~~h~M cm th~ minimUlll Qf(~\'t tv~ ~"Ain ~t Aè 

\)t th~ \'~,"p\\t \U\c:\d, 

lt t ~ tmgll"liIt'~\\ thA t thi JJ b ~~, ~\~ li \l'c\ ty A\)\,l t ~\, .'\t t hl' m~~ i ù­

( 

\H!lI~l ~ndl\l wnlh H h"ht1,,~ VP"è rmri,wc~t~\' 1\\ ~ (\ln, \'l'~)Wn'\~~\~tt,,)\ 

f cH' :m :\\\ 1 tI d IH" 1 OIH h \H'c:' l' ,1 1'." th'" • 
\ \ 

c.) A "')I\\lW'\~l\l:\i\\)\ :\I)h'~ny ~,,'\,p,,~\, h~wl. ~h\,,,h\ h~ lHlIWY'f"'l'\)M\\' 

,mIl.) ~~h\,,,hhl,· :\\\tt ,'lH\mfèf nln\·~t"l\ \'l'l\\l'lll ihh~ hl th~ t'~l't~~ll',,\\ :\\IP\'I\~~ 

\)I~dm~A\ ~\'t'm\'nl:\ti\)n l.H:~l'l;\\.'{ln'{ll\t. ,,,hich WA~ llhown tel ft)~ 11\ th~ \\\',!c\\.' ,_ 

~)f l'>O}\1\\. l ( A l\)"t\~" l)\'\Vc:'l \~\' 1:\ !~ltll:\v~ Joint oVèa'''~xh'lnl'li\m W'tIl'G 

m~P\\. \)hltq\l\.\ 1'4~I:\t.hl" 'MY tH'\ t~hown to ôlw,,, \th~ IM""fn "Athtlt' th::tl\ d\)~,~ 

1 

f\w 1:\ \1~\\t'{\\\ \'MI'\ln~, l'hù 

'W\'I\tH~ .. n'y ,{l''~t'h Il! \)\~\I~t W"'I'~\ ',ù r~("\\\'{'lt\. r~hlt'~ pl'tlvtmlM ,~t\\IIHflS 

t\\lRRMH ,'li t'lH,t S\"I\l:\l\H' :H'l\l Il,,, "",,,hl l,,, pXl)èl~t~d, 

.~ --------------___________ ~L _______________ U __ .. ___ ~à~~~& .... ~ .. ±Dl.I •• ~e----i .. '.\~ .. 4 .. -. __ ~--~-
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-'\ 
l'hé :~1\);\11r'stl l'tl!":'" t','m{',\h~d ftt ;\t tl'è ,'1'\,\,,\\ nml'sin w~s (6)lmt l~("',wdl"d 

t'I'W \'."\st Ins~ (l'I)m 111,,1 Rllhtlt'l' .. tl\\p\~~~4"I' SI'HIl'"c!J. in ('\'lllIMri~,,,, te tha _ -
1 6 

~1')llm 8.);\1 .tC'1l1WI! by thl;' 8,\,;n ~i,.c o( ph()spl\l\t'~ l't.'m('nt. ' 1'ht' , ", , 

fil ~h'I'\\\'r;nA "H th~'Ml'Sin ~MS ~,~t.\\.,lly l~h()W1' t.1l 8-3401,m 

O'\"I'l,;t" (',II'I,'Cul ("in~(';\t :lPpl'OWll oC\thQ l'n:ll'slns priér te c(!mt'\\f.Ath'". 

Al~o, fot' ;l)'Y indivi,hll\t i'.'\SqnS't 1'('8il'''8 O{II'XèQllt,,,!t fit W(\l:~ shown. 

1., .'''" ." 1 f ,,11 h :"'R! .>ll" ": l'''''" ft t /""hIR .; "\".Ol>r.o1 ". ill! t h •• :.~'t-
1nS Imd lI\<' "ff\l'ts l,f l'I"'llll'nl"ti'l')n. This \WI'\IlTI~lHH'! of' \l\1t~()"t l'oUed 

111:\1'8 i \\ 1'~l'\'('P;\lWi('S l':\\~~l~ l''XP1_,'\ilL; why. 'it is i~~) di ffi('ult to t'sl'l-

,~':II(' Ill!' 1H'\'R,)()sis ùf :my (,\Il'n'nt l'rN~tllt'til' l'I~sh.)\':'til,)" witht)\lt, 
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All'\,\I~(hll~. A.(i. (19'Jl.) Â ~l\\dy, M th~ di~t\·i.h\lthw\ 01 s\lIWA ,'md ~\lb ... 

\ ~ t "t\ 1 \1:\ l ,',11,'11 1" ~ ) _ h:h' h'Jj}\ l P l :~~'Ùè ~It Ri "s i \:,,\ 1 11\1'1 :\\l'Im:\ li I,n t n 
thé 11lû\\ths 1'( 400 indiJfrd"",h. 1'JI,~ . .:T.~'-~~\:I,~''\..t.. .t"-(_~~"':l:i_o.!II~I~t~~l.()J~~:t ~,!t 
:a " :HL 

,"ml'}' !C:lH nr'llt:~l A~SI)C 1:11 ion (1972), Gu ilh~ to .nt~l\t..'" M:\ll't't" 1 s -"n<i 

nl'\l11'1."1'1. ~b:th Edit Ion. A.n.A. Clfic:,go. 

, 
App, (~. (19t11) 1'1\(' t'Ut'l't of ~nic:\t(l>t IlmAlp,nm., :md è:\st ~l,'d ('1\1 th~' 

S i,,~ 1\1;\, 'l'he, .J (\\~\·.~'-I\}, .~_( J\.r..~:'lit~11~~~)_ç,,_ll.l"..ill,~.l'~~.Y..t . .ut 522 - !\32 • 
.1 

A8~l\rt )\. (1971.) l-:ll,st 'le il'l\l'r,~~~iN' IMt(\ri.:\lA. 

~û,l:'!Jl. .:'2'Il.1'Y f_\'.~) l}.t 81 ,.;:, 98. 

n:H~SI'I't t R.'~, (1966) S{)lVi,,\g the prohl('ms of Ct\m<'\'lti.ng tht' f\lll V (,"t'(I \" 

1':H~t golti crlVwn. :r~~L:!p_\!.~l.!2.L~~~!_'lÇ!,.!.~_~ll!'.!.'.!.!.~t .. rl.) l!t 740 - 71.7. \ 

~ 
·n;lS:~I\tt, R.W., V;tncicrl!t'ide, J.D. ~Hld Smith, D.D, ('(969) A~~l'\ln\oy (){ 

pO\lt'inS l11"'l'l':1\H :ln impl",'ssilms nt v~l'i\)\IA l iml' int (\\'v:,t's 1\(lC\l' 

47. 
\ 

~, 

thè \~I.'nt .. ü P\~Jp by -.my ('li tll\' dl.'n~tnlll t \11'\11 <'9. '~T()\\l'lH\l of th~ 
'" 0 '. .. .... '-........ --a-~~ ~~---,,-- -

A1nt'l''l.c:1n nl'nt:,l AS$('\cj'~til,)ll, 59, 466 - 1~71. 
... -- .... -'--""'ï.- .- - ... --------.-.... ,-

'" / 'R\\q~mlmt ,l'., H\\~v~sont A.) :md Olsson, C. (19,71) Rt'movnh10 'pllrli,ql 

dC'nt\ll"CS :ll1d :H't if id:\ l 'è l't"JtIS. \!-2..t.~,,:",<l(~\!I~ fl'll ('\8..i.~~, :,~_l~:'~h~ tn!~..vJt~,Ji.., 

?~) 621 038. 
\ 

1 • 
Rh't l (,\!':, ,1. T • , l\Jdsh:ld~I'Yt A,. ç, • , )H lt s, l~. R. :md ~t,im:m, R. (19i1 ) 

.. 
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HJ,WIl , A, 1 nj,wn , ::, 1 ... hl (~l'h.\wi\', H •. ( Hl,:() ~',\\'~tn.'\l fit .. \1' \'{'Ist\)'\',,\t 'hll'lS 
1 

:md it8 \'('l.lllon to lwdl',h)"f.'\l "I)lW' 1C'vl'1. ~~ll~n:ol.(',sts.k _R.\~vl.. 2.'--, 
337 - ·V.6. , 

Rj\w,,~lAl, A,M, \ '11hl t~:\l,,~, ~·.A. (19hO) CI'l11p.'H'/lt 'Ivù $t \Hiy of m:H'sinl\l 
) 

Ad~~tAlion or ~nm'Rdm And gold inlAY rCRta\'~tions. IOWA n~ntAl 
--~",.~ .. _ ...... ~-.....,. 

J~~~\jll\\1 4.6.,. 1:2 - 14. \J 

. 
, nr;hh'", M. (1966) ChIH'/\('lt'\''l·,."tiOll of the! s~tt'hrg pt'o\"'~ss oC flolw:" 

!-l\l' 1,1d,ll' \'Ilhh,' l's: 

\ 
Ih'it"lsh l';uI'nt No." 1,044,B3. lmrl'(\g\\m •. Rspn F.\ln-ik. 

Clwnj:h M.'P. :\nd niwk.inp, ~19,,9) ~\)ml' lwttins.dHlnlt't'l'l'isth's of l'ln8':-

. l ,'lm t't' .'1 c 'Im\wN:;:d.\'1n m:l<tc'\'ll\ 1 s. ~l:'!tt:-:'.l iA\~n'l!2.t:..~J_ .r~~1 l.i, 
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