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a AN
ABSTRACT - )
v . A study was wmdertaken to eatablish whathar aelacted

oharactar!nttea~n! fté/of caa:ings differed depending on Vhéthﬂr
elther a phlyaulphtdu xubber or a tharmoplastic 1mpraasion source
was uzed, S&xtean full crown preparations 1n aeven pa&ic“ts were
used to reéﬁster impresaiana uaing tha impresaion matarials saqu- -
entially,bﬂaeh pr@parntion therefore turniuhtng a"matchad pair“

of dian. Tro reaultant cas:iugs ware ﬁhqu¢ntially "zamanted" on
the s§yh tooth in vivo using a vecoverabla alastomer matarial in
placw{of a'cdthytional phasphate cement. ihu thickness of the

/!

: r@oovorad alastomer material waa mpasured directly wnderx an opc%eal

acareomtcroaéope as well as 1ndirect1y by a phbdodensity technique.

ft 18 assumed in-thiu atudy that tha apace’ batwean caating and prep=

¢ b

,/aration. occupied by the elastomer material, represents the coment

'

thickneas and hence the lack of €it had the caating been pefm#nently
¢, # ’

cementad, #

b4 apiie of a veky limited sgmpié size, tha frequent
observation of a thimner luta thickness suggested a better»caséing
fit when polysulphide_rubbqrihad bean .tha impression source. This;
difference ofrflt veached a sgatiatiealiy signific;$t level around L
tha mora oéélua;l aspocts of the preparationl.

Dgher\relevant findings hinted that the averaga lnck of
fit aé the buccal margin of castinga exceeded that: recorded at the
lingual.“’?hia wag further reflected in a ;endoncy ?3% castings to ‘
seat»obliquely in the lingual ggracgion. Some tent?tiv; hypothases”‘

have been de?glop@d to partially explain thasae observaticns, and as
1 ¥

well, some snggeétions for further rosearch have been‘ptoppsed.

\\
«

&
H :
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RESUME \ \ : : — 1

o

“Le but &é catte dtuda ast de Adterminexr si cexrtainas caractdristiguas

f

d‘Qaapvation des couldes varient aalon l'utilisation d'un matériau d'amprainte en

‘aO“\uhO“Q de polyaulfure ou en thermoplastiquc. Seige ¢onronh§a complites ont

dtd poaén chaz mept patinntn poux enregiatrnr las empraintes, en aa sarvant succeasive-

!
/

ment des matédriaux d'emprainte; chaque prépavation fournissait donc “une paire
I

\

jumelle" -d2 moddla de pierrc. ‘- Ensuita, les daux couldaes Qinsi obtenues ont &té
cimaﬁtés sucoanaivomeant sauy la méma daﬁt an viQo au moyenkd‘un matédrial élaaionhr. :
rdcupédrable au lieu du ciment conventionnel en phoaphatc. L'Gpailsaur du matériel
élastomarearécupdxable A étd masurdes directamant CLVE R :t&r&omicroacapo optiqu. l
at indirectemant grAce A une techn&qun de photodensimétrio. Dans '‘cette dtude, on
suppose qua l'aspace qui exiatg entre la coulda at la p%&paration. occupif’par le
matérial élastomdre, représante 1'épaisseur Adu ciment d'éh la mangue A‘'adaptation si
la conlde avait &té¢ cimentdae de':ggog‘permanantt. 1 ) ) .

Malgré l'dchantillonnage trxds xéduit, l'obsarvation fréquente d'un film
moina 6pain AMggAYe un adnptatinn plus précia da la coulde 1oraqhe le caoutchoue
\ Xy

de polyaulfure eat la source dc 1‘emprcinta. Du point da vd; atatinthut, ceatte

diffévance d‘adaptatibn prhnd das propcrtion: importanteailoraqu'il s'agit den

azpacta occlnsif: das pr&paratigﬁi. ' ‘ . : o

{

D'autres ddcouvartes ) ca sujet laiasent entendre que la aéficience moyanne \

{

de l'adaptation au pourtour buccal dez couldes dépassa calle enregtstxée au -

E

pourtoux lingual, ' Cattg!tandance sa refldte dgalement dans la propension qu'ont

les coulées A se fixer obliguamant an direttion linguale. . ) "

L'auteur présante certaines hypothdsges pﬁobablna qui expliguent partiellq-
: . v 3 A ) N .
mant ces observations at avance qualgues suggastions sur'les vecherches futures. “
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INTRODUGTION - \
b : Tha inadility to precisasly predict and qua\\tita‘tively -
asgosa the wm\t\u\l fit/ of ; comented cast- gold cm\m in situ befom\ -

: its actual irreveraible cmeutatiou has laft k serious a\np in the

understanding and pmanasticatim of oli:\ical succaess, © .

£

Clinicnlly, the \nual procedura haa bean ty asseas tha

1

~— - fit of a. crovn marain prioxr to cemcmtation. ‘Wheraas thia ia not tho

functioning \m‘lt, and it is as yet undetarminad how the properties .

of the £it daforae cémentation relata to the situvation after coment

N has baen introduced. ‘ T ’ s

‘Many studles conduptgd in-vitro have assessed the -indiv-

idual component accuracies of the materials and techniqués per sa. .

i

' Rowever, thera have imly bean a few in-vitro studias on the over-

/ all chamntui&ticsg of fir of‘ castings \man,éymentad: hxsa:tvam at al:

 1963; Bassett, 1966; Christensen, 1966; McCune, Phillips, Swartz,
and Mumford, 41971, and Jones, Dykema, and Kleln, 1971. Fewer still

have beeon pt}rfome in~vivo: Yoshida,19359; Murata, 1967, m\d
/’ 7

A . McLean and Fuunhofcr,

\ . Ht;waver, without knowing precisaly what dimenslon of fit
! ~ is being routinaly achieved clinically, it becomas diff,tculr\ AO
define the ideal requircments of a casting by tha ’avauabla’ technology.
‘ Also, until a method of guantitative assessment is found, capadle o’f i

applicaticﬁ to a longitudinal study, it will ba difficult-tp determine

\ ’ . [ . 7
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what dcgra« of fir is biologically compatible. ?:onseqne'ntly, to data, o
thora has deen' couflicting information ow:l\\g to amechanical rather

than biological bias to the study of margina. Fa.:/example, much has f
been stated on the gingival placenant of margins without any m.t\\al

correlation to the fit of these margina. Tm)sequently, this has left
lbiological éompacibility and an cstimation for proghosis open to
¢linical opinion which Chtistm\scn (1966), dmo\\stnlated to be hishly

subjectivae.. o ’

The current study was desigm}{i to i\wgstlgaté and compax;t
quantitatively the chavacteristics pf fic w\m,n’ cc;nent;:of wnvaonted
type. II1 gold castings for anterior tooth full coverage preparations,
obtained from two common imprassion technigues in-vivo. [
A Diatrich's thermoplastic compound impression sourée.held
in av}n_ unam\c‘/\led copper ba\;d, was compardtd to that ’of a polysilphide
rubber imprassion source (catalytic set), held in a custom t;‘ay,ns a

pair for each of sixtaen tooth praparations.

e

[

An elastomer of simna\r flow and film properties was
substituted for phosphate cament as the cemo.ntinlg medivm for t’t}n
castings, (table I). This cement lute replica wz;s recoverabljo without
sacrificing the tooth. ’ 'I \ o o :
___——The Vaxiables in tl\e laboratm:y phme of |casting construction

wore controlled as a constant for each mmbar of each pair of :lmptee?ion

sources by ushexjing the pair through a spl:lt of the same mix of die

stone, and waxing, spruing ’a:;e then ’1n\;es_tina them as a pair /t:o,’g"ether_
in the same casting ting. | ) ) ‘

The comparison and analysis were made \Sy mi‘ﬁrosectxioning
and. \micromeasute:nent of the cjmb,eddgd cmen/t {\,M teplicass as mutual

o
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patrs in the buccq-lingnaf plhn;. Th{s was complemented by a priot
“’, © T owerall assay of the vecovered membraves in three dimenaiona dy ,

/ Ve

photodensity estimations of the lure thicknoesses,

/ - s .

Additional concebts wera- under, avestigations

. N . ) | ‘

‘ Tt was questioned whether there would de any significant .
differoneeJ batween the impression sources which would pet&ist to the

final cemented fit of their castings, despite changes occurring dur-

ing the laboratory proceedures, and the effacts of the partiglaocomb-
onent and hydrodynamic manipulation of cement flowing within a sewmi-
2 ! closed system. : | | !
Fusayama et al. (1963) demonstrated that an overall passive . o
~{nnate space is needed for cement fn the order of 30pm to allow optimum
seating of castinss. It was thus postulated for the® ;urrent study‘that
the expected poorer adaptation of the Dietrich's 1mpressioﬁ éomybund 7
might produce a slightly oversized die and heuce a more passively

fittiné casting in certjin aspects than would uastinsa from the

Rubber impress;on,source. Consequuntly. this might allow g:eater
‘coment flow and permit further seatﬁng to compensate, cancel out,
or even 1mprove upon the\anticipated ¢losey 1nnatc fit of the castings

- ¢
from the Rubber source prior to cementation. . / )

Routinely, researchers from Hollenback (1928), to

Dimashkieh et al.{(1974) and others, reported that castings never seat

to their theoretical capability during cementation, and were particularly . *

t

) anxious at the reflect%pn of this effect at the nmarginal seal. This led
|

N R \‘
to many suggestions to comgensate for the cementation effect\but usually
\ . \
v without any substantiating sclentific evidence, except for the merits

&

: F
.

v
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“et al. (1964) cdhtribute@ the most information. Howevet, there is

e

fa3

.
_ / ' s S —
v ' 5 :

Bassett, (1966), and Smith and Potter, (1928); the superimposition
-of ‘long bevels o%tq shoulqer,prepagﬁtiods, Stein, (1%;5); and - |

qvnf10u§~conceg}:s of internal relief of castings on which Fusayama

+with the A.D.A. Type I model compounds and the impression waxes as a

of venting as shown by Jones, Dykema, and Kiéin.(lQ?l). Otpef w

suggesat fons have inc¢luded fhe cempirical over-waxing of margins,

little information sclentifically defiﬁing"the dif ferential location

v
>

of bindin‘ zones beneath a casting, except for an in-vitro study of
& ¢
téf fit of castings to. their dies uncemonted by Teteruck and Mumford - -

(1966).

<A critical look was also aimed at the claimed advantage
\
of recording extra unprepared tooth structure beyond the limigs of

the prepared chamfer mnrgin in order to more easily produce a defined [

and superior crown margin. This has classiéally been suggested as an

P

advantage of a band impression technique. - 4 P e 1
L8 t
. . . £

O .
qietrich‘s Elastic Impression Compound is best clagsified

—

il

non—e}astic thermoplastic compound suitable for rdigid band impressions.

wr

’

As such, it must be considéred as capable of moderate accuracy, repro=
(%] -

duction per’'se. relative to polysulphide rubber which is a truly

} .
elastic material of considerable accuracy if prope;Ly supported in

thin sections. A.D.A% Specification 3 and 19,(1967), and Schnell and

Phillips, (1958) .. . S

Comparing the toefficients of thgﬁmal expansion and
|

N
qonductivity, and the septing contraction, of polysulphide rubber

to impression compounds, as by Hollenback (1957) Roydhouse (1962),

. ‘ /
, I




&

Combe and Smith~(1965), and Phillips and Skinner (1973), and the

relatively high permissible flow specification for Type I compdunds
- s
at mouth and roog-temperatures allowed by A.D.A. testing, At is
6‘ s - . [
evident that a compound impression may not record quite:the same

detail nor be as stable as polysulphide rubber. Clinically, however,
Dictrich's is thought to be suitable for full crown restorations

where there is; little to no infrabulge beyond the preparation margin. W?
Because the compound requires the support of a band, the impression
technique carries a possible advantage of permitting fuller entry and
casier rééording of this eritical af%;. A band concept may, therefore,
directly affect the phllosophy of mé}gin placement and design by

enabling the preparation to be terminated closer to fhe epithelial

: Jhg 1
attdchment, Of course, great care is needed to avoid tearing the

attachment. .
* ) v

-

:m%%e work by Christensen (1966) on the detectability of °

3

subgingival margias under the mast detailed scrutiny in-vitro,
suggested that a cemented fit of 119um would be accepted aq.godé.
However,}the available studigs on cement lute discrepancies at

crown margins indicate that greater devia;ions than this are'occu?ring
routinely., Analysing this observation, it was considered that when

a margin is selectively accepted during the more usual clinical assess-

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

i

cernability probably appli;s. This innate margin discrepancy would

*

be subsequently compounded once cement has been introduced.
4

The author of the current study has been concerned that
4 k)

the limitations of norfmal clinical discernability might be more
L

significant in determining what is clinically acceptable than is |,

o)

11




the variation in fit vesulting from the technology of the currently ar

!

used methods for indirect restorations. Never~the-less, the availadble

technology might be seriously criticired in tolerating an inherent

Y

range of fit to at lecast the upper limits of margin detectability,
o

rather than adhering closer to the ideal 25pm fit as defined by the
A.D.A. Specification 8., for the grain size of Type IX phosphate
coment.

<~ Differences between available technologies may thus pass
clinicaily undetected, unless extra-ovdinary means, such as in Jhe

§
current ‘study, are being applied. These differences may later be

shown to have a biological significance, even though the overall

[

effect of comentption is expected -to mask or dilute any significant

mean differences —between any two impression sources under study.
rerone

Hoﬁever, were this to occur, it would not necessarily negate the
L]

significance of any innate difference between the castings, but

instead, may be an indication for a new cement technology.
- AN

»

0
< -

The terms "clinically acceptable", (probable synonym,
"clinically detectable prior to cementation”), "clinically achiev;ble",
for the current technology, and "biologically acceptable" need fo be
dis%ussed and better defined for castings. '

The cufr;nt study purports to reco;d dif ferentially what fit
is being actually ac;ieved by gold casfings f%r full crown p?éparations

on anterion\feeth in-vivo, using and comparing routinely gvailable

technology undexr careful and controlled conditions.

P
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.
Previous Mcthodologies of Investigation N

~

The basic methodology of this paper was deseribed by McLean

\
in 1971, and stands as the onl£ differential in vivo technique to date.

It also holds to standard clinical procedure.
The other cl{?ical stu@ies are by Md&ata (1967), and Yoshida
(1959) who investigated the fit of gcastings made in vivo on teeth
f i slated for cxtract{on,!and of random castings on teeth which, for various {
- |

reasons, required extraction in a dental school clinie. 5

However, the bulk of information and understanding has come

from 1aborator§ models which allude to the clinical situation, but
\ 0

wvhich by limiting out variables to analyse a particular accuracy, may
§

exclude factors that could overwhelm of modify the component under test

in vivo, especially when considering the host of phases of fabrication.
As an exémple, the use °§ a.modified Verticulator by McCune and Phillips!
(1971), and also by Jones, D&kema and Klein (1971) to guide the vertical

.seating of a casting inevitably diminished any oblique seating, which this

-

current clinical siudy and other authors Qpnsistently demonstrated.

v \ ’ :
Studies by Jorgensen (1960), Kaufman, Coelho and Colin!(1961),

( .
Bassett (1966) and McCune, Phillips, Swartz and Mumford (1971) relate
.. cement lute thicknesses to the verticai'displacéhent of a casting before
{
and after cementation, the overall displacement being calculated as the

° - average film thickness, or by geometry of the die, the occlusal,/]axial, '

€

DA I R 0 I Eé&&"‘
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',dTﬁnd plingival lute deduced, Howevef, the information so derived {s dif(i-
(:} &' cult to fully relate to theltrnc clinfcal situation. Fusnynﬁa.‘tdc, and
Hnwgda (1964), showed mathematically how the preparation margin shape and,
the axial gaper can greatly affect tye size of the exposed marginal cement

| .
Tute for any given displacement. (Fig.l4). Clinically, therefore, a less

b ‘ 'borfoct or less consistent preparation would incorporate a variety of margin

and taporlconftgnrnFions to complicate the picture.

} Farly work by Jorgensen (1960-68), and Kaufman, Coelho, and
Colin (1961), analysed the somewhat artificial effect of cement lute flow
between precision machine turned m;tal and plastic dies and corrcsponding

L.

;metal wells. - A siinilar effect was achieved in the venting §tudy by McCune,
: ;

Phillkps, Swartz and Mumfgrd (1971)7where castings werghsemented onto dies

produced from stone pours into the actual casting and then separated. More

recently, Dimashkieh, Davies, and FraunthQr (1974) have observed the pro-

pcrt{os&ﬁf‘cemohration'and fit beheath full cerrage restorations made by

copper plating an acrylie die and recementing the plated coping after

separation. This was subsequently sectioned. These studies, therefore,

assume a 100% fit of a casting, and in fact only deduce the beha&iour,

flow and set of cements in that special situation. However, in the true

clinical situation, Mclean (1971) pointed out that this concept of tolerance

1s as yet unfortunately unaFtaiuable except at point contacts between the

| casting and the prcparation: Depending ;n these locations, which in

normal 'pr cedure remain undefined, imporgant aspects of the—casting, such

- as at the margin seal, may still contgin large discrepances despjte the |

clinical impression of an excellent fit.

Fusayama et al, (1963), realising the nced for a finite cement

° ' - \; 14

‘rt
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. positions. ‘ ‘

li

- ‘ { - /
- \ , /
Tute space, experimented with the effect of an improved thgrmnl expansion

casting technique on the fit of cemented castings: a compatible copper
\

- \
alloy was,substituted for gold, and gross sectioning was performed once
; -

comenteT onto its extracted tooth preparation. lMicro measurements were

i theg made, é&ﬂ -

Christensen (1966) lined up MOD inlays cemented and butnished )

onto extracted tooth preparations, Subjective scores made for the exposed

~
.

octlusal and hidden subgingival margins were assessed against micro-

measurements on gross sectioning at the gingival, proximal and oceluysal

l

v

Jones, Dykema, and xleh (1971) used a modif%ed Verticulator
@evised by McCune (1968) to ensyre the vertical cementation of gold castings
onto silver plated coples of master dies. Telemetric measurements wexg made
of the totalrvertical displacement and marginal opening prior to and post
cementation for vented and unvented crowns. 'No sectioning was performed
to establish further differential readings.

Teteruck and Mumford (1966) provided valuable differential

information on the fit characteristics of a variety of cast alloys, invest—ﬂf‘

I

ménts and prepafation shapes before cementation, but in this uncemented

. . . - Ty \
state it is difficult to relate this to a biological significance in the in
situ situation. Castings were seated onto their dies and were thean embedded

for sectioning and mjcro-measurement. Of the conclusions, it was stated

that the definition of casting accuracy,should fake into consideration a

f

degree of fit rather than absolute adaﬂtation which is in agreement with

the objectives of Fusayama et al. (1963) as described previoﬁsly. ‘

Y
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E ////grain size,
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ACH1EVABLE FIT OF CASTINGS.

A Y
The American Déntal Agsociation Specification 8, indicates

&

that the minimum £ilm thickness 6f phosphate cement Should be 4Cmm for

N
type I, and 25pm for type II cement which is thus an effect of tée particle

/
/

size.
‘t Several workers have recorded mean thig}nesses at khe margin ]
below this value, Fusay;ﬁa'et ai. (1963) using an expanded casting technique
reported a 13pm minimum film under very heavy loads, Jorgensen (1966)

obtginéﬁ a lowest reading of 14.5pm for vented machined "castings" which he
considered to be approaching the effective grain size minimum for the éemcnt.

The average gingival film thickness was 33pm with variations being dependent

on the angle of taper, crown length, seating load, cement consistency'and

The study by GChristensen (1966) subjectively considered the
cemfnted fit of MOD castings as acceptable on a xange of fits which on sec-

tioning proved to be 26pm ts 119pm for the hidden subgingival margin, and,

by linear regression, 39%m was derived as the least acceptable occlusal margin/ v

[

It is to be noted that the latter measurements were obtained by the cementa:i7n
M
of inlays which would, tberqfore. have offered less resistance to coment flow

W

than a full veneer casting. Also, the final evaluation was taken aftér burnish-

[

ing the gold to the/iooth preparation direct1¥, and does not necessarily
« /

1z

\

correspond to the initial fit of the casting. However, although Christ;ﬁse@/ »

o
determined that the marginal lute could be reduced by burhishing the %?\ ’ a/

photomicrographic study by Bjnrndal and Sahs (1960), showed that gold/ca ///

raggéd line of gold was observed.

v

Vs




Many workers, of note, Hollenback (1928), Launge (1958), o
Jorgensen (1960), Raufman et al.(1961), Fusayama ot al.(1963), Bassett -
(1966), McCune et al,(1971) and Dimashkich ot A1.(1974), recorded an
occlusal cementation discrepaney.

\ N !
Bowever, in the latter two studies raspectively, a high reading

of 1119pm. (depending on the clasgif{cation of coment used) and 1216.39pm

(depending on the angle of taper uscd) was produced for the unvented copings

of these investigations. Because of the 1002 it concepts of

n

the methodologies used, namely direct pours into'the fit surface of the
castings (McCune et al.) and directly copper plated "castings"

(Pimashkieh ot 8l.), there was no room for axial cscape of cement until

&
4 S
an .24,\‘ o

the copings were subsequently vented.
N
. The reofined television mtcroﬂeasugemant study by Jones,

Dykema, and Klein (1971) demonstrated the same displacement effect tn‘
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The Degree of C:\sting Accuracy " of ,Various Gold Alloys and Invo»tmgnt Combinations

o -

For Rerr Criitobhmey G 3 gold (In pm) ) ‘<

ﬁgxlg_ggg%_b&irg ins Ocelusal

(uncement e d)

Buceal « : Lingual . Buccal : Lingual

Mean 157 | 155 0 ! 130
Standaxrd Deviation 24 : -6 60 0% : 16
For Whtp-m.;( Ccmmigoid Investment and Ceramco No,l Qlloy (in pm) ¥
Gingival Margins . | Occlusal Axial “

Buceca | Lingual Buccal : Lingual
Moan TR 34 18 : 19
Standard Deviation 16 : § - A R : T2

'
-

- ’ l (After Teteruck and Mumford 1966) r‘

Often the resultant discrepancies of cementation are beyond normal
clinical detection but may still be biologically evident. Huffyan,
Regenos and Tgylor (1973) observed the magnification of this vertical displace~
ment ef fect following the cementation of full mouth splinted énatl:ological
cases even after remount procedmos had been previl?usiy pgrformed.

Huffman et al. (1973) cite Ob\t‘t‘\mtionsﬁb; Yo:hida (1959) and
Murata (1967), made during in vivo studies. :

Yoshida (1959) experimented with direct and indirect pattern

full crown castings which were cemented onto extracted teeth. No real
difference was fouf\d between the two, groups, but Yoshida was disturbed to
find 2001‘"“ cement lutes at the occlusal. This was then repéated clinically
on teeth slated for extraction, but on sectioning, a di’screpancy of 150-200pm

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

]
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Murata (1967) sﬁiveyed extracted teeth containing full crown

(?ﬁ castings made at dental school, and found that the coment discrepancies at

the occlusal ranged from 50—200pm for bicuspids, and 60—230pm for molar teeth,

There was an equal discrepancy at the gingiva.
i

Fusayama et al. (1963) presume that an initial passive space
is required to accommodate the cement between a casting and the preparation,
f
\and assume that the final cement lute space will be greater than the original

space. It was found that a ' cement thickness may be readily reduced ‘to 40pm,

A

but to go beyond 30pm needed a sudden increase in load to overcome the coment
S
- . . o
\ resistance, \- . —

Tg/detect the resistancé of cement to adaptatjion one would

A
t

need to measure this inijtial passive space, but Fg ama states that there

- ! N

-

e

o
o
s
e
e

! : of the component accnracisy & FTabrication. .According to Fuéayama, the

H — /
- origiﬁgi'space for an indirect pattern full crown casting Is therefore 10

to 20pm at the axial wall, whicﬁ explains why\?OPm was recoyxded occlusally
and at the cerviial shoulders owing to the resistance of the cement which
/ X
- was forced to squeeze through this narrow space. _ }

Fusayama studied the {mproVemcnt in seﬁting achieved by cementing

NN -

a slightly expanded casting(produced from impression and die expansion tech-
‘ \
! M
niques.) It was corncluded that the occlusal displacement was minimum where ' ‘
/

the calculated expansion fit (or inate cement lute space) was more than BOPm.

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

internal gingival line ang{;s of porcelain jacket c¢crowns when cemented,
compaged very closely to the fit ff cast metal to ceramic crowns despite or
possibly because of Qhe platinum matrix which provided an overall even

distribution of cement.




Attempting to suggest an optimum film thickness with respect

\

&

l

‘ ‘ \ \ |
() to rietention, Fusayama and Iwamoto (1960) tested optimum film thickness strengths Lj
)

betwaen metal plates related to the pressure.  The results were descrided i

by a hyperbolic curve, with a thickness of 35-40pm-at a load of 10kg pro-

A

ducing a curve that reached the poirt nearest zero. \
Similar metal plates were cemented onto enamel, dentin and

other metals, with diffolent film thicknesses resulting from different

——seating loaQs to tést the shearing strengths. Separation generally occured at
the metal/cement junction. The lute thicknesses that best tolerated a maximum .
force for retaining inlays was 38Pm for enamel, 3lym for'dentin, ahd-Zﬂpm for

metal. More than 6me was required to produce the maximum force on wet

dentine. However, although these figures are an indication for the required

- ‘) d lutg, Jorgensen and‘Esbgnsen (1968) find them more an examination of the -
Influence of the céhen: film thickness upon friction rdther than‘retention; ?
It is of interest to note an optimum of 24pm for metal to metal, since it is
. this applieation between cast telescopes where cementation becomes suspect } ‘ #
With time., It is probable that such telescopes neeq/;n’uncommon overall
adaptation for trul&ﬁédequate strength. B .
Fusayama et al. (1964) examined the effect of artificially
N incorporafggé anwinternalhy reli;ved or passive fit casting using aﬁ appli-
- cation of manicure liquid or tin foil strip applied bucco-lingually. At 15kg
cemontation‘pressuégjzthe result was in favour of some spacing (a8 "compatible". !
///// c;ppet alloy sgbstitute was used for the gold alloy). ;
. &mprovemeééjgf The Fit of Castings Foﬁlowing Internal Relief (Pm)
’ Cervical Shoulder Occlusal Floor
: . No relief o ta2 T ' 90 t 22
i ¢ .
® Manicure Liquid "38 *16 120 % 34
Tin foil wt s ) " 82t 0
e . * (After Fusaysma et al.,




gﬁith"(197l), commenting on cements, states that, Sﬁthough

(:\ ’ ‘the A.D.A Specifications prohably represent the best results possible,

the usual inaccuracy of castings results in film thicknesses in the [

1 o \‘l
order of 100pm for phosphate cements and similarly for the newer cements. - %

—

The in vivo study by Mclean and Fraunhofer (1211)/su§§65ied

that up to a lzqu Hute at the giggiva/wa§“§EEE;taﬁle clinically and
/// .

this coulg,possibi?‘SE/gxtonded to consider 160Fm. The differential
s Ton .

Iy

T . &
——— . results obtained were:

Axial wall Occlusal‘ Mésio—-cervical Disto-cervical
floor external line external line
- angle- g angle

>

MOD inlsy . 105.3%71.9  142.0%94.6 60.0171.8  68.0%89.9

‘Metal ceramic crown \ 75.4%38.0 138.6%61.9 66.7%60.8 26.1%26.2

" Porcelain jacket croyn 92.9%53.1 112.3%66.4 77.7%45.6  48.8%51.1
! .

(For PJC, labio-lingual aspect determined.)

™~
\

\ . !
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eru/ALAwn’Y AND COMPETENCE. ' .

The present armamentarium is rather tgo crude and subjective

to satisfactorily detect open margins when protected subgingivally.
) In the study by Christensen (1966), the margins of ten inlays, "
constructed and finished onto extracted teeth,vere evaluated by tea instruc-

* tor dentists, and their subjective opinions of fit were'equated to micro-

scopic measurement.  Gingival margins with openings up to 119pm were accepted,
{
whilst proximal and occlusal margins with as little as a 26pm opening were

rejected.  Statistical corvelation showed that the prqx@mal and occlusal

N .
scores assigned by the operators had a significant relation to the actual

microscope measurcment, but for the gingihal no such yelatisn-held. There

was more disagreement on the clinical scceptability of gingival margins than

~

any other location., Also explorer examination of visually\ accessidble ma%giné
was found to be superior to, and more reliable than, explorer or radiographic
examination of visually inaccessible margins. _

A

McLean (1971), by miero comparibpn of a new explorer tip to

LS
*

an adjacent human hair of &Opm diameter, demonstrated that the hair may bde
indiscernible to the probe. The same explovrer after only three weeks use
may be inadequate to detect SQPm. In the same study, detecting the marginal

{,

leakage of inlays radiographically by tracing the bitewing and comparing %

-~

. A
. it to the cement lute/;epfig§ could,at best,only be relateéd ﬁo a 60Pm to {g

/ .

/
SQPm discreparicy. In addltion the orientation of the metal may often shield N

e

//,//ﬁ/i;fge deficiency.

-

Bjorn (1970) performed a radiographic survey to relate defective
' goldjand porcelain margins to bone loss. He found 83X of gold restorations
ahd 74% of porcelain to have defective margins. A margin'deféht of 0.22mm

4

3
[

22

o

P

3
k.




human ha“p' of 40pm 1is detectable betwéen occluding natural teeth, it

(
it N - N a, mh e A S e e e
-
’
® » \

was found in 683 of the gold, and in 57% of the porcelai;\ restorations,

which was greater than that determined earlier for amalgam fillings by
. o

Bjorn in 1969. However, it must be noted that radiographic assesshent
is not refined enough for a significant evaluation, and if bitewing

radiographs are used,any information for the buccal and 1ingusl aspects

¥

are excluded for an in vivo situation.

r

\"x’“
; Other methods of visvalizing the full seating of a casting

-

include cutting occlusal ve}r(t:f};oles or windows for direct examination.

L4
However, this would not take into account any innate space between the

uncemented restoration and the preparation. Furthe[more, Jones, Dykema,

and Klein (197~1) feel that the limit of visual acui y is only 50pm even

under ideal situx?tions of Sccessibility, which the abov‘e si‘tuation is nat.
This limiqtb is cor\{fimed by Igarashi and Woelfel in an unpul;lished research
report cited by Huffman, Regenos and Taylo% (1973). Also Phill ips- RW
states that the human éye is limited to digceming a coment line of

30 to SOpm wvide.

Since a piece of articulating paperiof 50 to 70}1m and a .

/‘//

is probable that cementation discrepancies ranking more in the order of
100um would be biologically signifi ut:/, ‘dnfo;tunately probably not

¥
immediately .apparent

ically by the techniqu}es available. @owgver, even

of 0,.0005 4nch-or {2.—5}mﬂfﬁfckness, it is doubtful whether any

could \gork withian such accuracies.

-

IR . s o,
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‘ 4 ZERIODONTAL CONSIDERATIONS AT T{*é CROWN MARGINY BIOLOGICAL €ONPATTRTLITY >
. ‘:31 e = ¢ " That microbial ﬁ;aqug is largely resRQnStblF f;r conhtinuing . ;
w r, N : . |
- »g' Faries and Eériodqnﬂal disease ,as shown bviLog (1965-1967) id no longer
A ‘QUegtionedx According ;o Alexander (1971) it is cllnically ev1dent that

) ' . N

L -
a . Voa . ¢

a & ‘ ’ [
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e p;aéue retentlon 16 greatest in regions which are more inaccessible and less ’

~ +

self cleansable, namely the facial and lingual cervical arcas and inter-?
2 ¥ ;o 3 < ¥ (

o proximally. Yet, it is into these locations that foreign prosthetie materidﬁ,
it

exhibiting varying surface retention properties, is to be intrdﬁﬁfid, and by K '

techniques which tax the ability to recreate the original anatomy least of

N

all improve upon it. ) > f :

Goldman (1951) described the buccal ging}val conneétive tissue
] - -
L : \\
- i fibres as being less coarseé and fewer than in other locations, thus corrglating .
' : U3

¥

form with function in a region that sustains lessgg%ress. However, this

! : .

fhinner, less bulky buccal gingiva and alveolus might also be least prepafed ..

¢

, to receiyé the unnatural additional stress of a cIown margin, and it is, indeed,
' . ° f

(/ 7 here that early problems most frequently arise.

E}

T/ The position of the gingiva dictates that it will be in intimate
contact with most major restorations. Local irritation elicits an acute ;

inflammatory response which Ivancie (1958) states is a reaction’ to eliminate ]

< Twp
. 1 ’ ©or neutraliee the iéri&ant, ending in resolution and repair. However,
! : .
' " dirritation due to a ceﬁented restoration cannot be completely resolved, and
. e
| / a chronic state of gingival inflammation Persists. Goldman (1973) observed '
/ zhat apicalimigretion of the epithelial attachment often follows‘graduali§'

|l ‘\ ©
/ if the deeper gingival barrier fibers are destroyed resilting in pocket

~

formatfhg and an early, perhaps prec1pitated periodontitis,, ) L
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Irritation From The Crown-Cementr~Tooth Marginj 3
b . The Effect of the Cement~Lute Line at the Gi giva e |
\ Norman, Schwartz, and Phillips ( 963) indict the gradual ) /
N . dissoldtion® of the periphe:al cement line as causing plaque stagnatiqe

¢

4 f
f and consequent inflammation. All the values for cement solubility in
4 -\ \ \
! . distilled water fall* within the A.D.A. specification of 0.2X after 24

s

hours, but the salfj? environment can be quite different. 'The solubility

o

of phosph te ¢cement in weak or dnic acids, such as cltric acid, may be ,
a 3 Y
4

» -

10 to 20 times greater. This can be in'the ‘order of 1 9% solubility

at pH% as 6ppo§ed to 0.1% in distilled water.  In addiﬁlon, other oral /

-

corroding agents are abundant. Acids, ammonia and sulphides are pres at
f;» depending on the diet'and oral flora. The eémentslﬁo not all 'react
similarly. Thus zinc phosphaté cement is readily softened by hydrogen

i T sulphide, and yet the other classes of cements are nat affected ’////,//

...... . :
- P / - e

well to rough as to smboth material prov1ded thatsno m7vemeﬁt occurs ®

, . Waerhaug (1960) stated tha’ _so£t’ff§gﬁes can adjust just
Q? “’g#”,,ﬁ

~ ‘e
° '

between ,the two. This could occur where 7 margln/were dropged into a7#

!

existing deep pocket "and exacerbated if the tod;ﬁ al§o_exhibited 'some/ ' !
- . ey

\ ¢ " / . 5 b '
. - - . ‘e N .
mobility. However, roughness;leads to, plaque a§cumulat10n which in fdrn
o / - I3 {

{eads to inflammation. Removal of this subgingival margin plaque is
usually imposéible,*hence,ﬁhy real healiné against a restoration is rare.

Jones,)Dykema and Klein, (1971) observed in vitro that when K

- set cement was cleaned away from the toothr,a po;;ioﬁ"of'the cement

'

pulled out of the margin, leaviqg//nxopen margin with no cement. N
“ ! It ;s,repd’ted by Silness and Hegdahl, (1968), that this cement
I SU i — - T
] —— ~ line can in fact have a.total surface area of several square millimeters.
= ‘ ¢ . i . =
. e - . »
¢ - C : c
— & ! B
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\ _Furthermore, if blood tissue or debris inclusions occur
Lo~

during cementation, organic voids may xremain in the cemst line, primiag

/ them for culture and éﬁgakggzil which may contribute to the dark gingival

-
&
line observed over some porcelain jacket crowns, or indeed promote

‘plaque\égsociated discase. (%helpy 1972)

g Waerhaug (1953), in a h%stological study of acryl;c crowns
plaéed inl4wo dogs, noticed that where necrotic tissue was trapped in
the cement margiq seal owingEto imperfectly adapted margins, further
irritation to the surrounding epithelium and connettive tissué ensued.

However, it was' shown experimentally by Waerhaug and Stein

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

will alter the flora in the gingival sulgus.

-

Consideration_on The Location of The Crown Margin.
‘ ~

The data for this debate can be divided into its animal or

human study sources. However, the ggimalfstfafég/;an be criticised for
e —
/____/./’/ -
<’/”7,/,Lheirf§hall sample size, the different oral flora from the human subject,
e . ] \ “
and the difficulty in establishing an oral hygiene regime. ‘The human

-

studies have been disadvantaged by a lack of histological information
™~

s longitudinal study_bas-beeﬁ only three years. (Richter and Ueno 1973).
A small, animal study on the location 5f margin placement
by Karlsen (1970) demonstrated greater infigmmatory reaction histolo-

gically in conjunction with further subgingival extention of castings

; and with poprer fits. A band of inflammatory cells could be followed

| ~ N '
from the gingival margin to beyond the apical part of the pocket.

4

whlch has limited the analys1s to scorlfg methods. Regrettabjy the~longest

26
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‘1p’ Interestingly, in instances where no casting or temporary

\

»

o s o A

was inserted following tooth preparation, there were no signs of inflamma-
‘ -
tion. 2 :

+

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

iciws o B, 200

beneficial rcsponse where the margins were located at the gingival

— ___—c¥ést as opposed to being sub or supra gingiva which was contrary to
other investigations.
-In a two year longitudinal stqu of eleven human subjects by

Hergman, Hugoson and Olsson (1971), the one ;éar Gingival Index (Silness

and Log 1963) was higher for teeth with artificial crowns than for those -
without. Yet at two years, the difference was not statistically significant,

There was no ‘statistically significant difference for the Plaque Index
<
. related to crown margin placement. However, the obtained d?fferences all

|

tended to Suggest that subgingival placement was the more injurious to the

gingivgl tissues.

1
—

Larat;~t1969) condulted a survey of service veterans presenting

i with crown restorations. Subjective scoring indicated that 83% of all '
crowns with sub-gingival margins were associated with }nflammation. In
contrast, only 21Z‘of crowns with the gingival margins positioned at a

| height even with the gingival crest were as;ociated ﬁig&_gingival inflamma-
tion, while supra gingival placement reduced the frequency of inflammation

J

- to 16%. i
o, Richter and Ueno (1973) attempted to get away from the inter-

pretation inherent in animal studies jand set up a three year longitudinal
' \

study with humans. Intra subject eomparisohs\were derived by using cro

: W,
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!

was prepared for a-sub and supra gingival section. Applying gingival

and plaqué'indices, there were no statistical differences for the margins.

However, when inflammation was observed,it was only in the case of sub- (
gingival margins, but of the latter only three out of twelve exhibited

this response.

; Amsterdam (1974), summarizing 25 years in periodgntal prosthetics,

says "the least desirable place to terminate a margin is jLst supra-

\
!

gingivally" since it is the free gingival ma¥gin which is the area of
greatest plaque formation. Amsterdam advises a restriction to partial
coverage if a completely supragingival margin i; the treatment refuired,
otherwise margins must be metigumlously prepared and placed sub-gingivally.
Yuodelis (1973), feels that "the merit of a good casting must
not ' be underrated", prqvided that over-contouring is avoided. A casting
may set up an environment for dramatically improvéd\hégli;g where
previously it was inhibited/because of underlying softened carious dentine,
erosions, old cervical restorations, and deep furcation involvements.
Thus Richter and Ueno too were lead to state E?;t inflammation is not
axiomatic following full crown therapy if of excellent marginal fit and
contour. )
) Waerhaug (1953) also feels that it is probable that well
fitting crowns may not cause‘sufficient‘irritation to cause a deepening

of a pocket. He does not qualify'a well fitting casting from the concept

of cement margin seal, but does state that the\ crown margin must not

come closer than 0.4mm to the epithelial attachment. ~

Waerhaug observed "im one case where the preparation had

passed beyond -the bottom of the existing pocket, and where the crown did

not completely cover the preparation region, reattachment was attained all

A o
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the way t§ the cervical margin of thé crown." .
o \ , :

Tissue Tolerance o Materials per se.

> Many authors, Waerhaug (1956) and Rosen (1964) commend the <%
« D

3

gingival response to gold foil, which if superbly prodiuced most nearly

|
achieves the optimum properties for the given gvailablé technology. This
! - becomes due firstly to the rigid discipline of the techniqué, then to

the very close adaptation to the margin without the presence @f an inter-

vening cement line, thirdly to its potential high burnishability and

po{}sh which implies low surface ﬁgrosity, and lastly to the lower free

(Glantz,1969) In comparison, Glaétz found that dental porcelain, silicates,

liquids and plaque havé’éﬁrface energie§ around 55 djnes/cm. The higher
surface energy of a solid, the more easily wettable it is byilower
surface tension liquids. Thus in overall comparison, both enamel and

| dentine with a criticgl surface energy of 46 dynes/em are less likely to

\

f be wetted by plaque than any foreigﬁ surface cliniéally useful or awailable.

!
For example, the mean suxrface energy between stimulated saliva and poly-

/ tetrefluoroethylene: plates is only 30 dynes/cm, but this is unusable

'clinically. Also to note, heat cured poly-methyl-methacrylate has a low
~ . - i

free surface energy,-41.2 dynes/cm, but -because of porosity and liquid

absorbability, it is unduely retentive of plaque. “

Of interest, tooth structure exposed to topical fluoride has
)

a reduced free surface energy which may facilitate its selfﬂcleansability.
. ) ? '

6%9 The contAct presence of lactic acid; however, raiseés the free surface

’ "

°Q




, , | 1/
energy of enamel and dentine rendering them hydrophilicifntil~subsc— /~ ‘,/
‘:) quent ly ‘polished with pumice. ﬁ i

7

The Gingival Response To Restorative Procedures,

a) Preparation.

) ihe entire crevicular epithefium. Fortun taly, the injury is reversible 7 \

j%i
Use of any rotary instrument, even a rubber éup, may remove X
e (1968) wlthln fourteen/// / \

: and heals, according to Waerhaug (1960) an

irt} days.

days, and according to App (1961)Ji up to, \\

Harrison (lQEl) showed that mere ntroduécion gf/a cotton

b) Impressions.

-

string into the gingival creyice causes cell injury. Impregnated st ingsg

!

7
showed greater damage. There is though some agrecment, that lesion
. . ' / )
llgwed to hesl against clean tooth structure leaye no permanent daﬁage.
/ « i

|
|
P
|
; a
; Stein and Glickman (1960) observe that/copper band imp
.
, requently detach gingival tissue from the root face. However{ it was
(,-\ A {
felt that this was temporary provided no particles of compdund or wax
' | N
3 / -remain in the.area.

Q

/
i ) ¢) Cementation.

-

Waerhaug (1953) described the excesd residue of cement left

"

uncleared from a gingival sulcus as a ",

30
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nback observed ghéx/t mere pregise the,

[

etched f}t K ,
.
y /
s

= ?

va regia for up to 30 minutes, finding ‘this esp

7
/

ripping and venting versus that of non venting, the load being 45Kg

and applied for 10 minutes.

The Total Vertical, Cementation Displacement and its Improvoment'ﬁx

—

Venting. (Bassett,1966): s

Crown I Crom II .
Electrostripping 170pm\‘ Aqua Regia Stripping lSOPm*
(150 seconds and 50 seconds) (5 minutes)

Then Venting 20pm Then Venting ' lOPm

\ :
y
Jelenko put out the Electro Dip unit for reverse electro-

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

i

and Woelfel (1970), upon a flat strip of dental gold alloy evidenced only

a removal of 6Pm after 30 seconds, which would not be clinically significant.’

o
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\gpsayama et al. (1964) investigated the effect of the

[

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

was improved by‘BA to A&Pm., There was no si%?ificant difference between
the two methods except that the varnish was less controllab%e and could
produce undercuts. The results obtained with the tin foil ;elief:REP—
cedure were superior to that obtained previou§1y by venting. Very
similar improvements of seating weJe obtained by using foil relief on
only the bucco-lingual aspects, and was considered the most easily managed
technique. Since the foils used were very thin, it was claimed that
nothing detracted from the retention propertieé of thg casting. According

to Fusayama, direct internal surface relief using dental burs has ‘the

disadvantage of irregular loss of bulk and consequent uncontrolled

w. ¥ -

'The question has, hoyever, been asked, what occurs to the

cement lute thicknesses.

retention properties of a crown with internal relief, and if seriously
1

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

A study by Jorgensen and Esbensen (1968) shows this not to be a serious

problem from the point of view of overall crown retention.

2) Venting.
. | ivf\
Jorgensen (1960) stated that hydrodynamics are the prime

|

consideration in all cementation wor7,~ the principal rule to obtaining the

thinnest film being to produce the maximum cement flow during the initial

'

stage of the cementation process. /When considering the physics of
vigposity, Jorgensen finds it more diffigylt to conceive of cement
- !
N
flow#ng gingivally uphill througy the incteasing wedge of the taper, than

for it to flow occlusally through a vent, since this could occur rapidly ‘

and early. The average film t itkness of 33 at the gingiva for a ten
y pm

32
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- degree taper fell to 17.5pm when the crown was vented, but for a twenty

(Eﬁ e degree taper, the drop was from 24Pm non~ventéd to prm vented all of

R

.Jorgensen claimed that defedts in the cement

fiIm due to the liquid/powder filtration effect can be virtually eliminated
f -

by an occlusal vent which allows a 1iquid flow both occlusally as well as
gingivally and thus reduces the filtration excess of‘phosphoric‘acid at

o the periphery. The latter is discussed subsequently.
Fusayama et al. (1964) differ, indicting the technique of vent-

\ °
ing as inconvenient, and advocate other methods of providing space for

cement. ‘

In a venting study by McCune, Pﬂillips et al, (1971£ the range )
fell from 32—76Pm at the‘axial wall, unvented, to 10—4qpm vented. At the
occlusgl,tbelﬁean fgll'from 476Pm unvepted to lﬁlpm‘vented. There was some

"variation depending on the catagory of cement used. It should be noted that

L)

the high unvented readings were in part owing to the lOOZwberfect fit

5

T o

L3 ’

) S o . [

i concept of the method used which ruled out an innate space for the cement lute
¥

; An in-vitro telemicromeasurement study on extracted tooth pre-
parations (5-7%taper) by Jones, Dykema, and Klein (1971) showed that all .

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

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

/ }
erence between the vented and non-vented camsgories. Throughout, it ap?eared

N -~

that the molar crowns seated slight#y further than the premolar group.

The  only catagory showing a significant mean difference above 40pm (A.D.A.

limit, Specification 8) between vented and non-vented castings was the

a

natural tooth pfe:molar group, the largest difference being 92.34pm
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on tpe chcal margin. This bears out other observat}gns(of the effect
of occlusal constricture. The opinion was held that vented crowns, be-
cause of the decreased resistance to cementation, could slip past any
interferences whereas non-vented crowns would not, but this was not proven.
Courtade (19665 recommends the occlusal venting of crowns to
permit full seating and to minimize post-operative éensitiv%ty caused by
the pgessure of th; cement liquid on the many open dentinal tubules.
éxperimental evidence from studies on dogs and mBnkeys ﬁy
\Bender,'Seltzef and Kaufman (1959) using cultures of Streptoccus Faecalis
shows [that pressure from an|impression frequently forces micro-organisms

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

required seating pressure for the same fit. Care must therefore be taken
. .

to clean any preparation of saliva, blood and plague before cementation,

a A -
and some operators advocate the prior use of a varnish, as a preliminary

¢
seal.

Kaufman - (1961) agrees that venting will allow further seating,
| and will increase the retentive ability of castings by 19-32%7 as a
consequence of the improved adaptation to the preparation, and to the

actual increase of coverége in the marginal area. '

/

o

3) Passive Fit of Castings. , !

- .
H N

Y What might appear to be a very precise fit of a casting may in

reality be due to binding at undeterminable locations which in fact may

be inhibiting further seating. McLean (1971)

The work by Tgtiruck and Mumford (1966) on uncemented castings
indicated that all veneer castings tend to bind. Furthermore, any snug

bindingxfit/regions have no innate space.available to accommodate the exp-

S

»

sected current cement particle thickness, and thus lift poorer regions of
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fit before cementation into an increased discrepency after cementation.

(Rurosu and Ide, 1961; Kaufman et al. 1961) . :

et e Sl o #id

Attempts have been made by Fusayama et al. (1964) toLprgﬂuce
extra expansion techniques to produce a passive fit casting Fo r;vide
this spaceL A poal oé more than 30pm spacing was establishea i revent
a significant occlus;; displacement of a veneer casting on cementation. (

However, aqco}ding to the data by BasFett (1966), other techniques by

not “the whole answer to
e et

~

acid egching and reverse ngctropldgin% were

© ¢
c v v

[

further seating. e 8

bl

Y
¢ - 8
~

' Kaufman et al. (1966) found no correlation in vitro)Between the

e

K K S .
mechanical grip of an uncpmented casting and its retention value afte{ﬂ !

4

cementation. Uncemented retéQtion values ranged from O to 18.3 1bs..
*
However, not only was there no correlation between the unseating loads
%efore and after cementation, there was a slight negative correlation \
&

of -0.11 after 25 trials. This sugéested that tighter tug back fits may

LRSI SO N R PR O W

encourage a thicker overall cement film after cementation to a%ov that

for optimum strength, whereas more passive even fits performed better.

\ o/

4) Over-extending The Gingival Margins.
) )

A s ke $ L L AT 3 Ko

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

v

has a great influence on the width of tle exposed cement lute for a given
, : 5,

degree of vertical displacement during cementation of the casting.

PR

Fusayama et al. (1964) found thatﬂcemrnt exposure was greatest on the

shoulder preparations, being as at as the lack of vertical seating (Fig.14)

- P
When a-chamfer was used, the cement line decreased depending on the inclina-
. ¥ N

tion of the chamfer. The width of eiposed cement of a shoulderless crown

4 ,
{remained minimal and' more constant regardless of thé lack of seating, and
f - f

35




was mpre a pure function of dimensional accuracy than of a reflection

of the occlusal cement build-up.

Bassett (1966) cites the advice by Smith and Potter-(1928)

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

ensate for finishing and cementation. The mérgins in the currént study
were generally degrees of chamfers prepared by a 260-8P diamond pdint,

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

<

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

< [

inclined bevel gingival to a shoulder preparation ( Stein 1975)), so that
ji N ‘ i ‘

the cement lute will remain minimal for any given vertical displacement

of the casting.

2

The inherent periodontal dangers of permitting an overextended
margin tg, possibly remain post cementation of the casting have already
[P ! /
been discussed (Waerhavg 1953) , and will be discussed further in the

current study.

36
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PROPERTIES OF CEMENTATION.

/(/”’ These are a function of the rélétionship of the properties

/
and structure of tpe cement to the shape of the innate space between a
. " b .

a

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

P

during cementation.

Smith (1971), states that the actual film thickness achieved
under ideal conditions is a function not‘%nly of the particle i}ze of
the pogder but also of the viscosity characteristics of the mix, the

< -~ 33
type of appliance being cemented, and the circumstances of cementation.
/

Structure of Zinc Ph:Lphate Cement.

* Thé\{ action of ,mixed phosphate cement produces a composite

structure which is\ repeated in other systems. Non-crystalline phosphates
!

. > >
‘of zinc, magnesium and aluminum are formed which surround unreacted cores

of larger cement particles. (Savignac, Fairhurst and Ryge, 1965). Better
. 4 .
cement properties are achieved from cement mixes cdntaining the minimum
%
amount of react¢d matrix.
]

- In 1967; the revision of the American Dental Association,'.
e

o

Specification No.8. was brought ‘into line with the Federation Dentaire

International, %pecification No.6. to classify two types of phosphate

cement on the basis of particle size.
!

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

is best used for the cementation of cast%ngs.
P

o0

//// Type .II has a maximum film thickness of AOPm and is preferred

for all other purpoées.

I N\ \

4
o e s e e,
~ .

e T 5 o



. L] Kt
- [0 . —
. ¢ -

© «

Jorgensen and‘?etersgnr(1963), in work on the grain size :

4 ~

‘[} : distribution in phosphate cement, found that, during initial cementation,

! s the viscosity Ff the. mix becomes the predominant determining factor for -

1 - »

. . . 9
seating. Yet under favorable conditions] which depenq\not only on vis-

cosity, but also on'the size and duration of pressure, and on the shape
] . . ‘ : ' s T
and approximation of the surfaces, the film thickness can be-.reduced to
| i - LT,

: . tKk size of the largest powder particles. These in turn

3

} be Further i

3

% ] g}ushed until the increasing number of smaller particles can w&thstand tﬁe
¢ . . 5 - .
A ‘ . full éémentation/prgssﬁre.u Thus a concept ¢f an gffective grain size . .
becomes more important jnformati for a cement producF than its particle
% ( size dist;ibutiﬁﬁ_in the-bhre pojjir form. Both Smith, and Jorgénsen

: T _ and Petersen question the relation of.cugreht Specification, testing to

N B

4

!
N this clinical situation. -° P

’ ’

; ‘ . ‘ ' Schouboe, faffgnbarger,‘and Sweeney (1956) showed that for some

" . resin cements a film thickness as low as 10pm: can be achievedj'but in

r
-

| clinical pracéice tHé/resiﬂs have expibited poorer prognosis in other pro-
i .
perties than have the well tried phosphate cements., The latter have changed

very little over the last forty years except for a reduction in grain size
' . ¢ .

- P

and a reduced solubility rating as by the A.D.A. Specificaﬁijﬁé.

[

- 4,

»

Cement Filtration Effects.

It became apparent to Lahge in 1955 that correctlyrgixed phosphate

e . ceqents will separate’ back into powder and liquid phases during the cementa-
. ) - \ ~ ‘ .
tion of veneer crowns. . ’ . "

| . S n , :

1 { *

dbqgrvagﬁon‘Py Jorgensen (1960) of the response of phosphate -
cement ?etween flat plates seen under a micio§cope, showed how the larger .
. . ' T \
g& , groups of wettened cement particles, mostly betweee 20 to SOPm, clump o
Y , N . -

together. When the compressiom approaches the diameter of these clumps,
\ . x
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dg '
because the width of the slit between the axial preparation and the casting

e
' -

the higher viscosity of the. latter causes it to be squeezed out more

v an

slowly than the‘sprrgdééﬁﬁé medium, but owing to the differént pressures e

- , {
in these lumps centrally as compared to at its periphFry, tbgre/i§/h
- N . /// >

; e ;
continﬁ?d fluid movement_gggfggﬂe§§§:g?fzﬁﬁery. The liquid phosphor%c e
acid component is filtered out from the clumps of particles such thaf - -

’ 4 @ . h -
each periphery may have ‘been washed completely devoid of -powder. T

" In cementation of a veneer caéting, the excess ént is
forced out through the narrowing)ERg, -tween the conidal'suréaces of the
1 __,_,l’—//’/r”"//' : l ‘
crown and preparation. WNWhen this space is small enough to jam the %argest
do. ' ;
particle clumps; filtration will begin. ’
%actors Affecti&g\fﬂuanegree of Filtration Beneath Castings as Determined . °
! i
a 4 . N 2

by Jorgensen (1960).

. ) - : ‘ . _
1) Increaéing the gementation pressure. - : . g -

" ~— * e, ®
, , : (
This increases filtration since the extra expression of cement v

also expresses more liquid thro#gh the filter. . ’

v =~

2) Short duration pressure. ‘ '

N £ / - '
{/ Prolongation, of the seating pressure beyond one minute had no add-

s

itional filtration effect. (Born out in previous observation by Jorgensen

in film thickness studies).

.

3) Tncreased cement viscosity. A -
& ——

This effectively reduces the filtration because of the reduced-

. . I
total flow of the cement. However, this method-would be no use clinically.

4) Taper of the ﬁreparation. -

«

Small angles of taper increase "the filtration effect markedly

decreases the ‘most rapidly during cementation seating. Cement will pass

\
through thii diminishing space until either the occlusal excess is cleared,

”~ - v
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eftgcti%é/grain size has been achieved. -
= *

.

or until the slit becomes so_narrow that t%e cement flow ceases,

>

because there is to tooth binding or because the width of ther N 3

= : ; L

!

..5) Internal surface relief.

’
.

\ If relief is provided over the eatiire fit surface eJLept for

the terminal two millimeters gingivallf, the cement lumps will be trapped

occlusally to this zone, and once the ¥iltration effect is started, there

may be a wash out of the important gingival cement by the liquid component
i . .

These can be incorporaFed to assist the cement flow. However,
!

expressed.

6) 0ccluso—gingi¥al escape grooves.
f

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

-

grooves to the narrow slit between crown anJ preparation.
;-
7) Spot binding of the fit surface before cementation. .

This may set up irregular narrow slits between the tooth and

casting, thus producing additional filtration zones with surrounding

-

areas devoid of pfopél cement.

8) Shbulder prepardtions.
Ihesé exhibited Ao filtratio; differences from other margin

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

] [
became narrow enocugh to trap the larger poﬂder lumps. \ .

‘

9) Venting. . S
, ,

~

A one millimeter occlusal vent virtually cut out all significant

!
filtration wash out except across-internal discrepancies, aLd thus became

s
the advocated optimum, .

Jorgensen pointed out three probable adverse effects of

filtration. Pulp igjury may be a consequence of the diffusiop of free

// ' 40
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acid into the cut dentinal tubules. Also,secondary injuries tg the tooth 1

Footead AR £ A+ I AR £

phosphotric acid component which‘mgy wash out more rapidly restlting in

"

an open margin. Thirdly, Insufficient retention may eyéntua ly result,

[°4

1t éhould be noted that this data on filtration was obtained’

using precision machined dies and machined "crowns'. }%be elated, true

clinical picture is more £omp11cated 51nce there are morg various

and freﬁuent blnding areas for filtration effaLts ‘to occur and, greater
regions of poorer fit ‘in which the space does not approach the minimgm
filtration prerequiéite. However, the more retentive the preparatibn,

and the nearer'éspects'of the casting- fit to below 3Qum, the greate% - ‘/

the likelihood of the phenomenon.

N

Seating Force At Cementatiomn.

Since virtually al% previous studies have been in vitro, tﬂé
choice for the seating load has been empirical rathe} than rational, and
then rated according to the optimum cement film thickneés arising from
éhe range investigated. Such optimum forces may not be achievable un&er
normal clinical practice,aand as such becomes addéd argument for venting

o C ,,
where the cement resistance is reduced and a lesser morF manageable
force is sufficiént for optimum seating, as advocated by Kaufman et al.
(1961) Courtade (1966) and Jones eﬁ al. (1971).

Clinically the methods used for alplication of the seating
force are mastication pressure via wooden sticks, gauze, cotton, or rubber;

automatic and manual mallets; and strong finger\p(ggsuxe. [

41
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Fusayama and Iwamoto (1961) described the relationship of the
/e

'
!

nE\fflm thickness, held between two metal plates, to the compressive
load as a hvperbolie curve with the lowest critical point at approximately
: ) N
,BOPm.at é loading of 10Kg.. R ; .

In similar load experiments on cements films between glass

7

plates, Porche (1961) found that an increase above 12Kg. produced no

@

significant decrease in the film thickness. /

Fusayama et al. (1963,1364) found that the film thickness beneath
unrelieved crowns was readily reduced down to AOPm; but to drop below BQPm,
required a sudden increase in force to 7verc9$e the cement resistance.

'Be found, howe;e7, that 15Kg. was sufficient even‘fo; non-relieved—
casTings, and that there was essentiflly no improvement in seatihg
whete this was-%aised to SOKg.l 4

} Jor énsen (1960) found verﬁ littlg improvement in film thick-

nesges above 'a 5Kg. load. This was, however, between precision machined

dieg and "crowns".

At 0.5Kg. the average film thickness was 47Pm.
|
At 4.0Kg. the average fflm thickness was 29pm.

At 10KRg.” the average film?thickness was 22, Spm.

\ Other laboratory studies may have used excessive loading «
J
relative to the/true clinical situation. Bassett (1966) used 45Kg.

In retention experiments, Kaufman et al. (1961) used a clamp exerting a
40Kg. cementation load. McCune, Phillips et al. (1971) used a stat{i///
33Kg.lload applied through a modified Verticulator. The latter was

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

, Alternatively, Colman and Kirk 31965) used hand pressure

-
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only, and Christensen (1966) used a "simulated masticatory pressure" via
(:3 ; the point of an orange wood stlick squeezed between/}gbth pucks by hand.
n of the clinical sifuation to the

B
#An objective relati

/ laboratory model was made by Grieve (1969). /A bife férk with electric

bl

oy SRl R L T v

§train,gaugef recorded an average force of 90 Newtons as the patient

closed in the molar region/ This force was translated to a seating

mass of 9Kg. held for ong?minute in the in vitro study. 84 to 90pm }
cement film thicknesses were recorded beneath the full crown gold
\ . N

! castings under such loading.

used actual masticatienwpre sure appliédjvia a rubber mat.

Igarashi, dﬁring experiments on the effects of venting, found

| that patients produce aboyt 30Kg. masticatory force in the bicuspid

-
LY

greater advantage the more posteriorly it is acting.
. i

a

Murata (1967) in seating “experiments with unvented bicuspid

crowns showed that the optimum available force for cementation clinically

.

was via the full mastication force in direct centric occlusi®n.

J cement lute |
- at the occlusal)

. c \
Mallet plus finger pressure 2 0—3OQPm. .
- \ ’g
Wood stick 120—189Pm.
Centric occlusion : / 60—15QFm.

—

' » ! /
.
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«, Influence of Duration of'Ceantation Pressure.
e ) Mostﬂauthors applied the chosen pressure for the official ﬁ
/gj;segling‘time of the cement used glps‘a safety magrgin. Since a patient
""may not be able to sustain thisg f;rde adedpately, the findings of
- — Jorgensen\(l960) are important. Fb: phosphate cement at 5Kg. there
! , was littlg improvement‘after one minute. ”' )
At 0.25 miwutes the avera;; filmythickness was 70P?. t
- At 1.0 minétes the average film thickness was 37pm. .
At Q.O min&tes the average film thickness was 33pm.
' Influence of Viscosity. | T / ¥
/ - Jorgensen and Petersen (1963) aﬁduSmith (1971) sﬁ%té’tﬁat tﬂe )

"

cement film thickness is a function both of 'the viscosity and the particle

size. During initial cementation, the viscosity is the stermining

¢
.
s 4

« factor resisting the seating pressure.
- \

oy N .
Jorgensen and Petersen felt that the current cement consistency

T

test, A.D.A. Specification.8., 4, 3, 2. is in reality & measure of the
I

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

AL ot ALY Ko lhiac N el

further extrusion and compression of the setting cement. Modifications
/ : .
1 1

have been suggested, but notwithstanding, the Specification test stands
/

as a useful comparison. )

e

Assuming proper mixing dnd prompt insertion, the viscosity
/ -

of phosphate cement is a functi7é of the powder/lid;id ratio, the temp-

¥

| - 3
erature, and rapidly increases/with time which renders further expression

" of the cement Qorrespéndingly difficult, (Jorgensen, 1960). This caused

4 7 I /
4 -

N
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Jorgenseh to recommend that a very low film thickness can be obtained by

"
Br

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

cooled cement mixture (0.7gm.powder/0.25ml. acid, and 12°C.) under an

o clishe ARBE,

occlusally vented casting. .

——

A comparison .0f the flow properties of Impregum to _Zit% Phosgxate

cement, which is an important basis for this paper, is fouqd under Material's.

/ | \

Oblique Seating. %

i
é Investigations by Lange (1955) showed that cemented crowns

T Y

- B alwiays seat obliquely on their preparations. The cement film was often
/ found to be very thin occlusally on one of the tapering aa)’(ial surfaces;

and at its thickest on the opposi?e axial surface. His experiments showed |
! .

- "\
that filtration occurred at the narrow slits on either side of the close

contact zone. -

Jorgensen (1960) found that all castings seated slightly ascew
!

foilowing cementation. He felt that this was an inevitable consequence

" W

of the hydrodynamic conditions existing when two conical surfaces separated

3
4 . by a fluid medium are compressed together. The end result is an uneven

gingival discrepancy. However, where the /kesultant average film thick~

it
ness was thin, the obliquity was at a minimum.
"

Similar obligque seating was discoverei by Bassett (1966) even .
though;i guide groove had been incorporated into the preparations.

|. Aware of the effect, McCune et al. (1971) developed a modified
Verticulator to standardize the vertical seating of their castings in

their investigation of vented castings.

/Jones, Dykema, and Klein (1971) adopted the same equipment, but :




H
i

[ Y
used precise television micromeasurement to record the gingival margin

—

discrepancies. No statistically significant|difference was determined

»

R

/between the buccal and lirgual cement lutes at the crown nargins, which

was contrary to the observat;ons of all previous investigations and éo .
the findings in gﬁe current study. However on reflection, this is not

s0 surpéi;ing, siﬁce oblique seating C?A only occur in conjunction with

some vertical cementation displacement, which if minimized by a success—

ful venting procedure would reduge the expected oblique seating.

Nevertheless any guidance factor resulting from tpe use of the Verticulator

{
must be investigated, before the above conelusion can be drawn.

’
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. COMPARISON OF IMPRESSION‘XATERIALS.

Class 1 Impression Compounds. e

! - - S
Skinner apd Phillips .(1973) describe the coefficient of '

thermal expansion as considerable relative‘to other ma}:ex;ials: n;mely
o= 250 x 1076/°C as compared to 150 X 10°8/%C  for po/lysulp,hidé rubber. i
For compound, thid may amount to an average contraction of 0.3 to ‘0.141
merely across the thermai fall from mouth to room temperature.
e . Combe and Smith (1965,) describe a volume expansion as large o
as 1.38 to 2.2?2 over the same temperature rise. .

\ Specification No.3 of the American Dent:al Association allows- - -~~~ ™
a maximum flow of 6% at mouth temperature and 852 at ASJOC. To this degree

e e
77 -

¢ b
. -0 o YEgOveryy but., cli"nlcally, thkis is presumed negllgible.
Roydhouse (1962) describes that compound materials will cool

unevenly since they exhibit very low thermal conductivity such that any '

central portion will lose heat more slowly. Since the material contracts

DB S SR

on cooling, the central core cooling the most slowly, will also be the

f
last portion to contract. Meanwhile the outer parts are already hard 3

such that the force of contraction ma)L not be completely compensated a 3

ot by flow which may incorporaté in a residual stress in the thicker sections :

i
/ -
\ ' }

in

of the material.

In addition, sir‘\t\ce the flow of the.materiai relates to its :‘E
temperature, late manipulation may not completely reorientate the _g
molecular structure which will then t‘:end to return to a more stable shape.’ . }

Phillips (1973), thus suggests rapid pouring! since the relaxation of

these stresses occurs quickly after removal from the preparation,._
/

”~
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Polysulphide Rubber Impression Material. * &

‘ -Jorgensen (1957), using sections of polysulphide ru\bbe;

floating free on mercury, demonstrated a thermal constractipn of 0.23%

i
| .

from 3700 to 220C. This was verified by McLean im 1#61 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 0.26 linear shrinkage during this temperature drop from mouth to ‘

"

room temperature. Philli gests that stone for dies is mixed at oral
r//’/lf’“"/,¢,,/fSEBEIBL&IETES/E;;;;;sate for this shrinkage. i i

Asgar, (1971) relates that a polymerization change occurs, but
its degree depends on the test method used. A free floating specimen
. .

thus exhibited larger changes than thgf of a restricted sample-as.in an

dhesive impression tray. . \ he

~
-

The Dimensiorial Changes in Polysulphide Rubber Test Samples with Time:

’ ’ J/gree Floating Sample Restricted Sample
30 ninutes, 3 saye, | 30 minwres, 3 dersit
Polysulphide Rubber A ~0.83 ' -0.11 +0.02 . -0.10
’ 0. L
Polysulphide Rubber B -0.05 ~0.13 0.00 . -0.13
- ‘(After Hollenback 19%7) “ - [

Jorgensen (1957) determined this linear ‘contraction to vary from
0.13 to 0.39% fafter 24 hours. McLean (1961) found this to e 0.25% after
- seven to twelve hours. The American Dental Associatiom Specification No.l19
thus allows a permissible 0.4Z contraction.
According to Specification 19, an elastomer is required to
J reproduce a line 0.025mm (0.001 in.) wide. Work by Shippee (1960) on the
Eeviations o; the dimension of casts copied by various elastic impression

techniques demonstrated an average deviation of 0.0013 inches for thiokol

Iubber. For double pours this rose to30.019 inches.

SN

\
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| Schnell and Phillips (1958) demonstrated that a more accurate

impressibn is produced when the thickness of the rubber between a master

die and the impression tray is reduced to an evenI§ distributed,2~ﬁﬁﬁf—’—’/ﬂ”“i

The. theoretical oztimum (Bassett, Vander Heide, and Smith, 1969) may be |

lower but slight additional space must be provided to reduce the elastic ¢y

strain during removal of the impression and to equalize the thickness of
the material with that in the mesiodistal direction.

Bradés,(1966) showed that the setting of polysulphide rubber
is a Fon;inuous process with no clearly définable set point. This agreed
with ea?lier findings by Schneil and Phillips in 1958.

Chong and Docking (1969) showed that particularly -for poly-
sulphide material the estimated clinical setting time does not corre?pond
to the time when the material attains its optimum:recovery properties andJ
instead suggest a time relating to a permanent deformation test.

/ Birtles, Podshadley, DiltsAand Neiman (1971) investigated the con-
troversy on the accuracy of pouring polysulphide impressions at various

w
intervals after separa%ion and af%er allowing 15 minutes intra oral set,

it was foun&ﬁthat the more accurate dies were poured immediately after

separation. I

! ‘ . o
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METHOD AND MATERIALS.

Sample. . \
. . \
Sixteen anterior teeth in\seven himan subjects were prepared
~ A '
in vivo for full coverage veneer crown restorationk. Of each, a poly-
" * e g Kk i s . +
sulphide rubber and Dietrich's thermoplastic impression was taken as a

|
~

pair. Each pair was poured,' wvaxed up and cast together us&ng splité of the-

same mixes and investing .the pair together within jthe same casting ring to

v
t

standardize the variables. A polyether elastomer was then substituted as

the cementing medium for each casting in turn. The elastomer cement lute

replica was then recovered, in the manner later described, photograﬁhedw,’ then
aligned and 'sectioned with its pbir member in the bucco lingual place for

!
micro comparison.

e

I

Preparation.
Standard veneer crown preparations were made using a 260-8P

diamond to produce a buccal finish line as a light apically inclined

chamfer placed a half to one millimeter subgingivally.l

Elsewhere the margin was finishéd to a less accentuated chamfer
J 1

£ X ~

subgingivally.

:

Teeth with major direct restorations or serious fluting were .

~

‘rejected since this was found to interfere with the subsequent withdrawal

of the cement lute replica. To assist this withdrawal, ‘the preparation
was gently smoothed with a high speed silicone point*** under a- -water spray,

followed by Zircate**** puﬁice on a brush. (Fig.1)

v/
*Kerrrl’ermlastic (Light Body) Kerr Canada. )
¥eo Plex (Heavy Body) Lactona Co. Philadelphia,Pa. U.S.A.
*Dietrich's Elastic Inlay( - .
Impression Material Hygienic Dental Mfg., Akron,;6hio U.S.A.
***Dedeco Tan Midgets Dental Development and Mfg.Corp. ,Washlngton, U.S.A.

*zircate Powder Caulk Co., TorOnto Canada. .
: ' 51
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Impressions. /ﬁ\l . l/ ‘
1 iy o r's . .

©

C‘ g The pairs of impréssions were taken by a single operator '
3 i, b B

R '

during a single appointment -and accordiné to the manufacfurér's instruc—. -

"

tions. . ' . e
; R LoV . S ‘
] ! . \

PR Polysuiphide Rubber : . .

1) “Rétraction: by 8% racemic epimephrine string, Racord*,
[ ~ & ) ° Py ia”
v for five minutes. o _
. I 4 . B . (
2) /Matrix: an acrylic custom tray Wwith rubber adhesive.

[

3)* Set: -Chemical. Light body/rubber was syringed onto the

\ v

‘..“ - { o . Lasd .
. — b preéa%ation followed up by heavy body in the tray. y

4) Time: ten minutes intra orally.

»

Dietrich's . S . ) . .

. . 1)‘ Retraction: by the extedsion of copper band matrix towards

\ \

i

/ y [ the epithelial attachment.

'2) Matrix: a 7;stoonéa unannealled copper band wi#h multiple

tiny retention punctures from an 8/0 Busch** bur.
! |

}\\ ~ 3) Set: 1is thermoplastic ahd is first conditioned in boiling

: {
water, and then tempered during manipulation until finger

comfortablé. After seating the material, it was chilled with
’ \ ¢ . 14 ¢ /

[ —

v / / very cold tap water.

®
1

aéj Time: 418 three minutes intra orally. .

e

The impressions were poureéd within thirty minutes of recording

- N

using splits of the same mix of Vegmix*** stone in the proportions of 5ml.

.
f

o - digtilled water at'éoom temperature to 20gms. of powder mixed under vacuum

L]
!

for thirty seconds. , .

“&M -
) @ *Racord e - Pascal Co., Bellevue,¥Wa., U.S.A.ﬂ
i Pt - i - ]
— " **Busch Burs_ - ‘Pfingst Co, Inc., New York, U.S.A.
ﬁ‘***Velmix Stone | Kerr Canada, Don Mills, Ontario,/Canada 52
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Figure 2

2 Laboratory phase
completed.

¢

Figure 3

Split ‘mix” of
Impregum for
sequential
cementation of
matched pairs
of castings.

‘Figure 4 -

Full seating of
casting under  °
heavy finger
pressure, followed. —
by mainfenance under
imasticstory load
funtil "cement" 1is

=




- : I
Labora&ory Phase.  _——
(;}/f”””’gﬂ__ The wax copings were made by dipping and then redefining the i
margins. The margins were just overwaxed to avoid a future butt joint 1
or a short margin, to the chamfer in golé.

Each member of each pair was sprued identically at an incisal
ﬁfiéi/%iﬁf angle, then invested together in the same casting riné‘su?h
/,/'/””/#///,I///;hat for each‘%air the investment properties, gold alloy and‘temﬁerature

was constant. MNew Cl;ss II1 gqld alloy was used. :
The fit surface of the castings W97 left untouched except where }
thFre had been a small bubble in the investment. The external margin was
» taken éown with fine sandpaper discs but there was no finishing or /
Vo burnishing of the gold against éhe tooth structUIE\\fiif.Z).
[
Cementation Phaée.

A 1

Independent evalu7tions of the uncementeé fit>of the copings were

/

thade using a new explorer in vivo by operative demonstrators teaching

t

in the graduate school of dentistry. Where either member of the coping ;
: J

{
pair was not accepted as good without criticism on any aspect of the margin,

the complete pair was rejected ﬁnd new impressions were taken to preserve

> the constant. |

°

(\
A ¢ wee |
,Impregum , a polyether elastomer, was used as a cement lute

-

replié& for the normal cementing medium, owing to its similar flow

properties to phosphatl cement, (Table 1),

@ *Impregum E.S.P.E. Co., Germany . . - ’
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Figure 5 / R I
Cement lute 3
replica withdrawn T 4|

intact from the 4l
tooth preparation.

Figure 6

Scutan pour bonds

with the recovered )
lute replica, which

is subsequently
withdrawn from the

f1it surface of the castin
byrwarming it to obtain
slight expansion.

Figure 7

Matched pair of ¢ !
recovered lute
replicas set up
for scoring by
photodensity
estimations of
lute thicknesses,
which was repeated
for each of, the
axial and marginal
| surfaces.
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The copings were loaded with a split mix of Impregum (Fig\?),
{ .
and, at random, seated on the preparation firstly under forceful finger
pressure through an orange wood stick, and then held under masticatory load

(Fig.4) ensuring thét the force was being applied as nearly as possible

Stk

axially. Full set was after f%re minutes, and the elastomeric” proper- '

ties allow the withdrawal of the crown coping from the tooth. In principle,

|
the cement lute replica stayed intact adhering to the fit surface of the ‘

/
»

casting. In reality, thés was a very delicate operation and often reguired

-

R

frustrating repetitian. To improve the predictablilty, a separating agent

such as a silicone spray* was useful if allowed to dry thoroughly on the

S

tooth first. The preparations needed to be scrupulously cleaned @gtﬁeen
operations, with a soft gauze and water.

| ’ |

Recovery of The Cement Lute Replica Membrane.

{ !

v

The Impregum lute intact.on the fit surface of the copings/(Fig.S)Eg

was gently washed with a water spray then left at room temperature to dry

completely.‘

!
A cone of masking tape was wrapped around the coping to accommo- '

o

date the Scutan** epimine plastic that was syringed to the fit sid% of the

" i

cement lute replica via a shortened 18% gauge ncedle.

- ) After one Boﬁr, the set complex was iﬁmersed in hot tap water
for ten minutes. The metal ‘coping~+was then warmed in a flame to effect a
slight expansion. A careful tug then parted the gqlé—coping~f;om the lute
replica since there is a stronger, though mild, chemical bond of the

*All‘f;jgose Silicone Spray Dentsply International

ﬁf*Scutan E.S.P.E. Co., Germany . T

»
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Figure 48

Parallel
alignment in
mesial distal
plane.

Figure 9D

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)

| —

Photog&aphic/Assessment.

A photodensity estimation was made from Kodachrome II slides
taken of mesial buccal distal and lingual asbecﬁb of the recovered
membranes iIn pairs at a constant subject distance of 32 cm. (Fig.7)

An initial subjectfve scoring of the membrane thickness was
} - i

made at the actual fit margin (trying to avoid the obvious phot?dense_
aspect due to the obliqueness of the material across the chamfe?), at the
mid~axial and at~the aiio—occlusall@ A heavy thici late was scored 3, a
moderate even density 2, an? a thin or\compression zone 1, .

The scores were later statistically related to the micro-
measurements obtained in thé sectioning of the paired lute replicas in the
bucco~lingual plane. (Table 9 ). This enabled the photodensity estimations\

to be applied with confidence to thijmesial and distal aspects for colla-

tion of the distribution of scores of the fits in three dimensions. (Table 10)
7

Alignment and Embedding.
.

Sectioning was requirgd in the bucco-lingual plane. This

demanded a mutual alignment of each Rubber Dietrich's lute pair to allowdéa)

an immediate read off for each section.(FigL. 8,9 ). ‘
- A ' " ) N
& This was accomplished by first dropping the shortest dccluso~
3

fl

gingival axial line angle interproximally and measuring an identical distance
down this liﬁe-y}th a caliper for each member. At this mark, an acrylic
sphere was a£gaéhed by-a spot of Copalite* varnish. This allowed a

sighting to be made bucco-~lingually to align the two members . / -

*Copalite Cooley & Cooley, Houston, Texas, U.S.A.

| \ e \
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Figure 10

Embedding and
orientation of
previously

aligned matched
pairs of recovered
lute replicas,

now mounted for bucco
lingual sectioning.
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Figure 1 l -
Bucco-lijgual

microsectioninge
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Figure 12

Sequential planes
~ of sectioping of
one block.
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of each pair, the buccal aspects always facing ¢ne direction. The

(~/ drawn axial lines completed the alignment in the remaining plane.(Figs.8,9)
- | ) ~—
The aligned pair was g;en framed by two L angle|brackets to form an

m e w1

enclosed rectangle, and an embedding pour of Scutan was syringed in.

w0
: The "buccal” end of the block was stained with b red organic dyé*, which

impression spurce which\was always that placed
]

For contrast the lingual end was stained green.

/ also conveniently designated the lute replica originating from the Rubber
%\y earest to the "buccéi? edge
of -the block.

/

JSéctioning n . /

. The Scutan blocks wer\ cemented onto plastic mounting plates
, / -
‘for the Bronwill gectioning macﬂine** using méthylene chloride. (Fig.10)

/
The sectioning was along the aligned bucco-lingual plane using a 320 grit
g v g %a g )

[

///////'diamond wheel of 20Q>m.width. (Fig.ll). A series of sectiéns were taken

f

of 150 dimension, thus furnishing from five to six middle sections

depending on the size of_the specimen. (Fig.12). Th? chemical adhesion

of the embedding pour of Scutan limited any dragging of the delicate
T ' -

{ . _ -

elastomer membrane.

I .
|
American ﬁ;hdicrafts;‘Fort Worth, Texas,U.S.A.
R Ak .

_ Bronwill Sectioning Machine. Hamco Machine & Electronics, Model 503
, Rochester, New York, U.S.A.
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Data Collection. 4 A )
¥

« _ Measurements of the cement lute replica thicknesses were recorded
using a binocular microscope with an eyepiece micrometer grid* graduated
to lOPm divisions which permitted Spm readings to be taken wigh confidence.

The stereo arrangement made easy the choosing of the mid-section
Sﬁane since owing t; the translucense of the Scutan embedding plastic a
divergent cut through thé dark I;;regum replica on a curve %atheriéhat
truly at the mid-section could be §uick1y rejected.

Recordings were taken at the crown margin seal, the lack of gingival
seat me%éured axially, the ﬁid axial, the axio oceclusal and the occlusal
lute posi?ions on both the buccal and lingual aspects. (Fig.13). .

A ' |

. v
&

* (I -/
Bausch and Lomb Co. . Scarborough,Ontario, Canada.
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Materials

Impregum.

Impregum was chosen as the cement lute replica because in

addition to the required elassigﬁiis properties, its flow properties

4

AR o, ARTTNAC RS T M b e v

are quite close to properly mixed zinc phosphate cement. It also bonds ;
; . K
chemically with Scutan plastic. A\ 1
\ Table 1 / a - j
. Py i N %
Properties . Impregum Zinc Phosphate (De Trey) :
U j\
Film thick “ ”
ilm thickness -
B.S._1}64 . ZZPm. ZOpm.
Disk diameter o ' ,
F.D.I. 'consistency tests | 35mm 30mm 3
(Specification No.6) ‘ g
%
Setting time 5 min. 3 min. A

After McLean and Fraunhofer (1971)-

‘{ -
B
»

mpression Material.

Polyether
|

This is a polyether base polymer which is cured by the reaction

between aziridine rings which occupy the ends of branched polyether

f ,
Skinner and Phillips (1973) state that "The main chain is

nmolecules,

El

probably a copoliymer of ethylene oxide and tetrahydrafuran.' Cross

linking and setting is by an aromatic sulphonate ester. The reaction

does not produce jany by-products, so there is little dimensional change

M

after setting. (Greener, Harcourt and Lautenschlager 1972; and British

Patent 1,044,753.

63
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Work by Pfannestiel in 1972 compared twenty-two thiokol,

g

. , ;
polvether, ané silicone impression materials, and demonstrated that

paly=ther (Impregum) was the most dimensionally stable.

e
. 1) )

A similar result was obtained by Chong and Docking (1969)

-

showing that Impregum and some silicones have a better el#stic recovery

than 50e5'polysulphide rubber after deformation. '

\

Scutan.

écutan is‘a!plastic recently developed as a temporary crown
and bridge rgs%n. It is related to the époxy resins in which the .oxide
df the epo%y is replaced b; an imino group: h?nce epimine plastic,
(Marheime and Staehle, 1971@). Scutan will bond chemically to Impregum,

and hence its usefulness to this study in' the recov%ry and embedding

of the elastomer lute replica.
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‘ ‘ ‘RESULTS a : ~
] The recovered cement lite replicas‘were aligned in the bucco- :
lingual plane and embedded as matched pairs.’ This permitted comparison é;'
readings to be made directly from Dietrich's to Rubper from each middle,
~ ‘ 4 -
micro section takem. (Fig. 12). ,
\ = Table 2 . :
CRbWN MARGIN LUTE - COMPARISON OF FIT FOLLOWING CEMENTATION :
OF CASTINGS OBTAINED AFTER RUBBER AND DIETRICH'S IMPRESSIONS. ok
Preparation Buccal ) . Lingual . é
- | T ]
Dietrich’s "Rubber diff.# Dietrich's - Rubber diff. . » %
pm = po el o 1
A 180 180 0 175 80 +95 .
B 130 160 -30 215 145 470 7
f c 110 60 +50 . 80 - 70 +10 7
{ o, . E 65 60 +5 170 65  +105
I F 180 - 30, +150 - T 70 30 +40 ’
. G 25 160 ~135 ‘ 80 70 +10 . t
H. \130 115 +15 ) 35 o3z, +3
I / 180 75 4105 25 25 o
J 100 50 +50 210 VIS [ N —
\ K - 30 90 -60 ~c 30 45 -15 |
L. 340 75 +265 75 60 +15
. M 50 45 - 45 T 10 70 -60
N 20 20 0 20 105 -85 .
0 150 90 +60 .30 40 -10 "
P 25 105 -80 30 | v
. Q- 8 60 ~52 10 18 -8
; i . ’ . |
‘n 16 16 16 ° 16, . 15 15
Mean 107.68 85.94 421.75 79.06 66.33 +16.0
, s.D. 87.55  46.42  95.52 72.25  38.79  52.95 .
L  Paired : t=0.91N5 e=1.17%°] -
t-test df=15 " df=14
‘%’ ' ; . ~

#. Positive differences indicate a closer fit of castings /
obtained following rubber base impression. 65

: ! © NS. Indicates a statistically non significant difference. :
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The data in Table 2 indicates no statistically significant

\ N

difference in the cement lutg discrepancy at the crown margin between

. 14

the castings derived from the Dietrich's and Rubber impression sources. .
. ‘ '

However, a pattern of fit'favouring Rubber éxi;za‘xt“Both the buccal

and 1ingual margin locatitns of sma)ler means and standard deviations

éggthan fQr Dietrich's. This was scen to be subsequently repeated at the
. R R Y . N ” , "
other prepardtion sftes to a varying degree of significance.
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Table 3

™ <

GINGIVAL SEAT DISCREPANCY - COMPARISO&ﬁOF FIT“FOLLOWIﬁb CEMENTATION

' >/

8 -
OF CASTINGS OBTAINED AFLER RUBBER AND DIETRICH'S IMPRESSIONS. T

Preparat ion - ' Buccal . lingual ,
‘Dietrich's -Rubber diff. . Diefrich's Rubber diff.
pm po pmo T pmo o pm
A 250 340 «90 290 - 200 +90
B 290 480 -190 230 [ 130 +1007 -
c 205 120 485 190 270 . -80 '
E 120 9 430 210 130 +80 )
4 75 210 -135 280- 240 +40 4
6 /196 50 +140 165 120 445
CH 240 2% -10 , / 130 150 -20
I 240 280  -40, 275 | 25 4250
J 210 ' 190 +20 270 ‘260 +10
' 450 200  ¥250 230 180 +50
L 430 5 160 4270 \\_ 90 60 °© 430
M : zag 190 TN450 © 170 255, -85 c
N 70 80 .-10 - 840 75 4265
0 180 65 #115 1170 ©260. =90 '
P 290 210 480 | 160 &
Q ' 4590 -45 . 65 25 +40
n - 16 16 16 16 15 15
Mean 222,81  186.56 +35 20406  158.66 - %48.33
8.D. . 120.18  112.58 125.93 ° 75.81 - 87{28  104.55 - ‘
-, Patred  te1.11N8 Co t=1.79N8-"
LlEest df=15 e df=14 .
o == ' . N i

-

\ 7 Ky
v N . o
.

”

Table 3 indicated no #latistically significant differencew in the mean

ingival seat discrepancy of fit between the Dietrich's and Rubber

: | * A
sources of castings, at either the buccal or lingual site of meagurement.’

A

A closer mwean it 18 shown for Rubber st both the buccal and lingual locations,

- @
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/ Table 4

MID-AXIAL DISCREPANCY - COMPARISON OF FIT FOLLOWING CEMENTATION OF‘

g

CAST%ﬂGS OBTAINED AFTER RUBBER AND D;ETRICH’S IMPRESSIONS.

//

Preparation - Buccal : Lingual
‘ Dietrich's Rubber diff. Dietrich's Rubber diff.
| pm pm pm o pa - pm,
A 65 8o  ~15 70 40 +30
B B 80 - -50 70 40 +10
c 75 60  +15 85 45  +40
E 110 30 480 110 30 #80
- F 110 130 ~-20 és 40 45
.G 35 @ 35 0 ‘ 105 80 +25
i 140 125 415 65 65 0
1 175 T 130 45 210 55 4155
T 70 70 o ) C 85 50 435
K 90 65 425 220 160 460
L 85- 85 0 220 70 4150
Mo 110 100 410 | 140 100 +o
/ N 85, 60 #15 © 60 / 85 -25
0 80 105 -25 60 120 -60 .
P 55 50 ' 45 85 65 +20
) 20 .30 -10 25 20 45
n 16 167 16 I 16 16 16
Mean 83[43 . 77.18 +5.62 103.43 67.81 435,62
5.D, " 40.32 33.66 ~29.65 . 62.17 35,63 51.99
Patred| - : tw0,7588. t=2.74"
t:-teat' ’ . df=15 \ ,  df=15

% Indicates s statistically significant difference (ps50.05)
K% " # " 7 0o (p=0.01)

-

- . (24
/ ~
N
-~ '

The paired'§~teat in Table 4 indicates a statistically significant
dy&ferehce in, the mean lingual wid-axial discrepancy between castings

derived from the Dietrich’'s and Rubber imprescion nource;, which wzs

not evfgént a;ﬂthe buccal. A closer mean fit 4is shown for Bubber a

¢ v ~

both the buccal and 1ingu31';9catiohs. , 68
. ~ .
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Table 5

i
AX10~0CCLUSAL DISCREPANCY -~ COMPARISON OF FIT FOLLOWING CEMENTATION OF

CASTINGS OBTAINED AFTER RUBBER AND DIETRICH'S IMPRESSIONS. | - l

- Preparation Buccal ¢ Lingual - ~
® Dietrich's Rubber ' diff. Dietrich's Rubber  diff. .
pa pmpm P pn pm |
A 130 - 120 +10 , 90 120 -30 » ;
B 40 4 - o, 180 180 0 1
c 110 * 80 430 40 25 " 415 ‘
E 130 45 +85 90 10 +80
F 340 .90 4250 © 35 70 -35
G ' 45 45 0 © 125 30 +95
H 25 30 - -5 180 120 +60
1 170 90 +80 220 140 +80
3 " 60 9  -30 . _ 160 85 - 475
¥ 210 100 +110 360 240 +120
Y 65 30/ 435 510 245 +265
Mo 90 170 '-‘x}o 410 180 +230
N 160 75 +85 ‘ 40 55 -15 o
) 0 290 7 210 +80 155 Nk -90
y P 105 45 +60 120 55 +65
Q 60 50 +10 50 30 +20
n 16 16 : . 16 16 16
Mean 126.87 '81.87 +:€ ' 172.81 11437  +58.43
8.0. ~ | 155.33 50.63  74.25 222.69 82.56  92.82
Patred | ° g=2.42* te2.51%
t~test \ ~ df=15 df-ls.

At the axio-occlusal position, Table 5, there a;z Btatiuﬁically

significant differences in the cement lute discrepancies at both

the buccal and lingual locations, between castings derived from
% _ .
Rubber and Dietrich’s lmpression sources. A closer fit 18 described

Y

n for Rubber;at both aspects. ‘
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— \ Table 6 ] /
(} é OCCLUSAL DISCREPANCY -~ CO}APARISON OF FIT FOLLOWING CEMENTATION OF
. ' ' CASTINGS OBTAINED AFTER RUBKIR AND DIETRICH'S IMPRE&[SIC)NS‘.

Preparation |’ Dietrich's Rubber diff.
: pm pm pm
A 180 240 -60
B 200 230 -30
c ? 150 . 110 +40
E ' 180 90 ‘ +90
F 270 . 240 ‘430
e 130 70 7 +60
H 150 125 .25
1 245 140 4105
' J 130 _ / 110 +20
K 440 220 +220
L 310 115 +195
oM 320 © - 220 +100 "
. N .. 108 B 60 T s 5
0 310 327 -17
P 310 170 +140
Q 95 / 50 ‘ +45
n . 16 ’ 16 , 16
Mean * 220.31 157.31 +63
5.D. 98,07 80.21 . 76.42
Paired t=3,29%%
t-test o " df=15 /

~

Obs-er;ring Table 6, a statistically strong significant d?,fference
exiets between the mean oc¢clusal cement lute discreﬁhciés of
the Rubber and Dietrich's impression sources of castings. A -

— ecloger fit 1s shown for Bubber.




impression sources was minq# and statistically non significant as mes ured

" / / s

- v

-
'

Referring in sequence to Tables 2 to 6, it is ap;érent that

the mean difference in the fit of castings dr#m from Rubber and Dietrich's

. ‘
at the actual crown margin, However, this difference progressively

increased axfal-occlusally to the extent that the result at the occlusal

v

location could be-termed statistically-highly significant. Also, smaller

means and standard deviations favouring Rubber were apparent ¢throughout,

ot

=Lt Sl B | b St il T

and without any statisticél reversals.

Buccal to Lingual Marginal Relationships.

o e AR v e T s s

/ The current data lappeared to indicate that there might be)a )

pattern to bucco~lingual differences in the ‘mean cement lute discrepancics

|
for ecach site of measurement., Of note, at the crown margin and gingival

seat locations, the mean cecuent™lute thickness and standard deviation at

the buccal site were consistently greater than that at the 14nguaé position

for both impression sources of castings. For e;Emple, dt the crown margin
for Rubber, the mean lute thickness was 85.9}pm at the buccal location, to
66.33Fm at the lingual. This pattern was repeated at the gingival aeat‘g

4
position; for Rubber, 186.56ym at the buccal to 158.66pm at the lingual

asgpect. -

Not unexpectedly, this apparent tendency for larger buccal dis-

crepancies showed some reversals in the aspects away from the crown margin.

- H

This occurred particularly in the case of Dietrich's at. the mid-axial posi- ‘

T

tion, where namely the lingual aspeét showed the largest lute thickness at

103.43pm, to 83.43pm at the buctal. Similarly, at the axfo~occlusal posi- \

2

tion, the mean lute thickness at the iingual was larger than at the buceal
!

location for castings from both impreesifon sources. .
. S
"

A}
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% . However, for the sample stddied, :hé application of t-tests
l (i) - re}ealed no statigtically signifjcéht differ;nce between any of the bu;co-‘
§ lingual mean valuecs at any site of measurement. XNevertheless, a substan-
é _tiating observation for bucco-11 gqal differences‘will be seen to reoccur ‘
- later as part of the apparent result of the tendency for caétiﬁgs to seat
obliquely during,cementatioa.
Bucco lingual differences\will be also/discussed in the context
) i

of the influence of margin design on Ehe cement lute discrepancy at the

N crown margin (Fig.l1l4) for any given occlusal displacement. y

. Occlusal Marginal Relationships
- ! | Lo
1 In previous greports, the occiusal displacement of castings

- , resulting From their éementation was téken as indicative of the average
cemént lute thickness at the gingival margin. A diracgi;elation was/
assumed, and the degree of drown-cement-margin discrepan;y w;s calculated

- from the precise geometry of the/standard dies used (Fig.1l4). However,
;}ising from observations. from the current study (Tables 2, 3, 6), this
relationship as a pure fugction was qﬁestioned.‘ Correlation analyses . /
were made between the occlyéa} and gingival‘aeat discrepancies, and be~/

/ .
tween the occlusal and crown margin discrepancies.. (Tables 7 and 8)

&
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’ Influence of the geometry of a preparation on the margin i.
discrfpancy for a given occlusal displacement following cementation ?
, _ §
\ of a full crown casting. ( After Fusayama et al. 1964). ‘ §
] I occlusal / ‘ 3
! . displacement §
! ° :
N \ , ;
- t
| 1 —
@ 3 Margin
\ . \ l ‘discrepancy
/ Figure 14, Influence of feather \edge, bevel, and shoulder
! Lo 4prepaution margin, ' ) 1
, . ' } | )
Occlusal

a ) —9 . , ‘ f ”‘rzin \\mi; R ’
i \ - - S , discrepancy
\ v . 3 ’ N

- S . . p y :
Influence of angle of taper, parsllel, slight 'ﬂ ]

P

and divergent, | : - SRR

4 - . . N, ’ ye °
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i Table 7

OCCLUSAL DISCREPANCY RELATED TO THE GINGIVAL SFEAT DISCREPANCY.

Impression source Occlusal~Buccal Occlusal~Lingual
of casting, n Correlation coeff. Correlation coeff.
7 : :

" Rubber 15 0.42 0.56*
Dietrich's 16 0.68* F0.072

It 4s evident that the relationship shown in table 7 is not

as uniformly strong as had been previously suppose#.

I
- ®
L

Table 8

OCCLUSAL DISCREPANCY RELATED TO THE CROWN MARGIN DISCREPANCY.

Impréssion source OcclusallBucca} Occlusal~Lingual
of casting | n Correlation coeff, Correlation coeff.
Rubber 16 0.25 ~0.046 (n=l5)
Dietrich's 16 ) 0.21 -0.302
¥
r" ®

Table 8 indicated that there was no statistically sigﬁifﬁcant \
relatfonghip of the occlusal cement lute space to the actual crown margin

lute fit for the given saumple gize. This may have been partly due to

7

the sleafe joint effect of an apically fnclined chamfer or bevel margin

design which would tend fo minfuize the effect of occlusal displacement

on the crown margin seal. (Fig.l4)

>4

%
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Photographic Assessment of Cement Lute Replica Thicknesses.
2 hot! - y :

The recovered cement lute replicas were set up 75 Rubber/Dietrich's
palrs and photographed on the mesial, distal, buccal, Lnd 1ii%ual aspects
before embedding.(fig 7 ) From the Kodachrome slides obtained,\estimations
of the cement lute thicknesses were made at the crown margin, mid axial,
and axio occlusal positions. Close‘éit or comﬁ}ession zones were scored 1,
mSHerate even densfty’was scored 2, and heavy thick zones were scored 3.

The validity of the above scoring was tested by analysing- .

t?e parametric measurement obtained from the bucco-lingual microsections

\ ' i
at the correspondfng sites to the individual scores assessed photographically.

The readings for Dietrich's and Bubber were combined since 1t was only the
validity of the scoring estimation that was being tested.
Yo 1
Table 9
A COMPARISON OF THE C¥MENT LUTE THICKNESSES ESTIMATED AND SCORED ‘
PHOLOGRAPHICALLY, TO/THE CORRESPONDING PARAMLTRIC MEASUREMENT OBTAINED

PROM MICROSECTIONS IN THE BUCCO~LINGUAL PLANE FOR 28 RBCOVFRFD LUTE

REPLICAS. | |
Photozraphic score catagories
1- 2 3
(Compresnion or (Moderate even (Heavy thick
e close fit zones) density) zones)
Number of Zones falling
into catagory . 50 . 56 62

Mean thickness of lute :
obtained from corresponding | /- 47.78 (1) 76.96 (1I) . 172.18 {11I)
parametric readings, (pm) \/ \ - /

8.D. of lute thickness 21,13 30022 82.49
Range of lute ' ‘\ 1 ’
thicknesq'(pm) 10~-100 . 430~170 65-510
" P o /ln : ’, e e e e e
/ I
Test of significance t (I-11) .= =5-67, df= 104

between means

¢ (LI~IIL) ~» ~8.69, df= 116 5

¥
L owr

e o e
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The significance of the differences among the three lute

\

thickness means representing photodensity score categories 1,2,and 3,

-
respectively, was determined with the t-test. As Table 9 clearly

\

indicates, the mcan measured thickness of the lute in areas on the
I

preparations labelled as being "close fi? zones" by the photodensity

estimations differed-significantly (p<+01) and in the right diﬁection

from- the mean associated with"moderate even densityfit zones. A

gimilarly significant result was obtained in comparing the mean lute
x Al

thicknes7 from category 2 with category 3.

Thus, the photodensity method of scoring relating to the

'

paramegric measurements was shown to have statistical validity.

F3

Consequently, the readings could be extended to describe the fuller

f

-
picture to fnclude the lute thicknesses at the mesial and distal

aspects which had been previously excluded owing to the plane of
sectioning., Comparisons(to the results 1in Tables 2 to 5 were then

available,

o

PRI
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‘\,_Table 10!

COMPARISON OF THE DISTRTIBUTION OF PHOTODENSITY SCORES OF CEMENT LUTE

o

THICKNESSES AT THE CROWN MARGIN, MID-AXIAL, AND AXIO-OCCLUSAL POSITIONS

54

N e

BETWP@N RUBBER AND DIETRICH'S IMPRESSION SOURCES. >
- Number of zones falling . 3
Laﬁatjon of TImpression into each photodensity i
scoring source sCOre category . 1
estimation  material 1 2 3 Chi-square test
Crown Rubber - : 17 9 - 10 %2 = 5.4795 4f = 2
margin Dietrich's 14 21 21 ) r
R . . 28 22 - 6 2 N ;
Mid-axial D 23 21 1\2 X = 2'51_ df = 2
. \
‘R 25 16 15 2 Y
Axio—occlusal‘ 13 18 25 X° = 6,40 df = 2 3
- . T s
All locations A 70 N 67 31 -
pooled D 50 60 58

. \ , )
It should be noted that the mesial,. distal, buccal and 1ingual

" data have been combined for each photodensity éatagory owidg to the small-

negg of the sample sizes in the individual sub catagories. "

1

= { ¥

In Table 10, one sees that 4in the axio~occlusal regions of
preparations, a ckoser casting fit (cemented) 1s associated with Rubber
impression sources, There wasg no”aignificaﬁt assoclation of closer fit
with éither impression sgource at the mid—axiél positions for which the
re%dingu were falrly evenly distributed except that there were twice.as

many poor fit zopes (category 3) associated with Dietrich’'s. A similar

“f

o
|
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distribution to the mid-axial position was shown at the crown margins

where twice as many poor fit zones (category 3) were associated with

Dietrich’s.

By pooling all the locations of scoring estimations (Table 10),

-
f
§

|
|
i
3
%
£

Rubber exhiditcd 40% more close fits (1) than Dictrich's although this
was mostly attributed to the superidrity of fit by Rubber at the axio-

occlusal position. However, the data mildly suggested a similar result

at both the crown margin and mid-axial locations.

Of greater ngte, Dietrich's produced 87% more thick heavy
iates (3) than Rubber and this difference was equally distributed in
all iocations of scoring. Namely, this was a distribution of 21 to 10

poor fits at the crown margin, 12 to 6 at the mid axial, and 25 to 15 at

' 1
the axio-occlusal locations.

The significance levels demonstrated in Table 10 concurreg
with those achieved from the parametric measurcments (Tables 2 to 5) in ‘

that a non significant difference between the castings of the two fupres-

5
‘

sion sources existed at the crown margin which increased to strong signi~

ficance at the occlusal aspects., Also a similar pattern of closer fits

favouring Rubber continued throughout, " ’/
1

L)

———
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The current photodensity scoring was analysed for any confirma-

-

tion of the findings by Teteruck and Munford (1966f who had observed a

greater.(t_endency for uncemented castings to bind fSelectively on the

wesio-distal aspects of ‘their dies, for anterior tooth preparations,

’

A COMPARISON OF /PHOTODENS

@

}
1

Table 11

¢

{TY SCORES OF CEMENT LUTE THICKNESSES OF THE

BUCCO-—LJ.N"GUAL TO THE MESIO-DISTAL ASPECTS OF CEMENTED CASTINGS FOR A

RUBBER- IMPRESSION SOURCE,

Photodensity
Ecore Catagories

Location of scoring estimations

Buccal + Lingual

Mesgial + Distal

.

l-
2 )

3

29 - g
32 L 35
23 8

Chi-square test
3 r

x2 = 9.44**  df=2

<

Table 12

#

Y

»

A COMPARISON OF PliO’l’ODENSI’I]Y. SCORES OF CEMENT LUTE THICKNESSES OF THE

©

BUCCO~LINGUAL TO THE MESIO~DISTAL ASPECIS OF CEMENTED CASTINGS FOR’A ‘

DIETRICH'S IMPRESSION SOURCE.

3

3

It

7 3
.:_,/ 1
i 3

(5%

Photodensity location of scoring estimations : -
Bcore catagories Buccal + Lingual Mesial + Distal . -
1 21 - 29

2 “ 24 T 36

3 i y 3? .19 ’

Chi~gqusre test

T

i
x2 = 10,57%* =2

&

-3
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Tables 11 cd 12 coptulned the sume gumiple size,  Both tables
\ 4 ' R L4 ' y

demongtrute the tendency of wesio-distal sspectn of the castings. to be

N

- cuggoetatod wilh oo Iocresed froquency of "elose £1t zones”, (1), For

!

b Rubber, 41 0lose FIL .or coipression zones were located on the mesfo-distal
o .. <

l;§pv~' to 29 on the buceo-1ingusl, Yor Diufrivh'a, the respective fro=
¥ ' » T 1
. ! uencies were 29 and 21, Uhe frequency of vutnggry (2), o Xyones of g

HY o age JJ!", for Dietrich's dvmonuirggvd a4 gimllar dfsttibutjun of 36 zones

\

’ L »nbphq mwwi»'dieth aspect Lo 24 buccu7}1nguu11y, whilst far Rubber the

r a

cdigtribution wam more weusl.,

For ths djutr{pytidn of the "heavy thick Tutes"”, category (3),
. . . ! W u
the s pativrn continued but the froguency way reversed, Napely, there

I8 a tendency of the bueco-dIngusl uﬂyecty of the cawting to be sssociated
wilth more heayy thiek Aonaa of «umuht Jute maturial, < Yor Rubbur, 2% L]

of husvy ur vacessive voment Juta wors demonstrated at the buruoulingual

9

aspont Lo B at the meyjo~diutui. The respective frenuences for Dietrich's.
. wepe 30 Ly 19, o o . . W

. .
-

A, % *,

H

: "Ob1 fgu ,’i"l".‘a’[’.& V8 Cantings,, : \

N . Beveral earliar workers had degeribed- the pheponenon of obliqus
& , : ,

° . . Heating of castings during cementation, , ¢

' o 3 . .

During the current study, 4 macroscopie visual impression of

’

T ubligua sedl iny w?a noted.froq thg‘buucéwiihghai m%ata sections, Tiis ;yu
- uuhq@quéntlylfnveysigatea. . g
' - Using the individual buéao~11nghal sactions,’ the lack of it as
N oo R '
1 reprepepted by the Jutasthickness at the gingival sust and axio-occlugal

posdtions were studihb in prier to deternine obliqus weating, Visuslizing

‘ ‘Ib ' the ginglval veat ngvtiun (fig,iﬁ), a pgsikivq 43 farence when yubtraaiing
{
. the thickness vf the bug;sl iuza frow that 0! zha liﬂgual indtaateﬁ obl!qua
/ 5 Z | 80
/ . v . LY
/ / v . R ' .

i

3




Oblique Sseating
lique Seatin »

%
. Axdo Occ’.luliﬁ Axfo Occlusal
\ Yoo / ’

fom e

Dircction of oblique tilt

. LDIGUAL

»

’

' , Tooth .
. preparation

A B I B S L —— ),

e

BUCCAL

yit

surface of
casting

a . 2 ”
" itk s ' i . -
. !

A »
\ * N !
, .
. , :
-~ i
4

*
A o v . ' k
e 4 ’
’ ¢ ” , ;
1
— )
X e e T T !
Al ! ! ® '
- £ d ‘ h ! ‘
\ .
& 3

sk




/

seating occlusally towards the bucesl directdon, " At the axfo-gcclunal

location of such a4 sectdon, a posltive difference when uubtyuttlny the

o

Tingual Jute thickness from that of the bulrjl would 1n81c411 abiique
seating ocelusally towards the buceal, (Tables 13 and 14),

<

: {
/ Table 13

T OBIAQUE BEATING FOLIOWING IN VIVO CEMENTATION OF FULL CROWN CASTINGS =

OBTAINED FROM A DIETRICH'S JMPRBSBIONISOURCE.
f

' SO ﬂ‘L”L?L‘?!L.&L/LL’J&U:m‘i peating .
Proparation | Ginglval seat “hxlo-oeclusal
digcrepnncy s digcrepancy
(Lingual minus buceal) (buccal winus lingual)
" , P ' po
A - 440 +40 B
. b 60 RER VT
¢ ~15 410 coo
" C4g0 449 ‘ /
¥ +205 4305 - :
G -25 -89 \
i ~110 ~155 ’
1 435 50
J- 460 =100
K ~220 ' ~150
L 340 T
/| U =110 =320 /
N +270 4120
9] ' i =10 +135 . ’ \
.p -130 | s | '
Q . 420 . 410 <t "
> Mean ~18.75 45,93
8.0, . ' 45,52 - 179.95

, 4+ve. veluss Indicata crown :74,'@1:1“11}' obligque towards hucesl
. } ~ve, values indicats crown chluuuy obligue towsrds lingusl.

L]

[

¥ ’ N “
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Tuable 14
!Q/)l

ko wem Bk o s hain

i)

OBLIQUE SEATING FOLLOWING IN VIVO CEMENTATION OF FULL CROWN CASTINGS

COBTAINLED FROM A RIBBER JUPRESGION SOURGE,

e

__ _  Monitor of oblique neating .
Proparation Gingival ueat A/ziofm/c]u':al %
B ;ﬁ diseropancys . Adlgorepangys \
(J1ngual minus bHuccal) (buccal minus ling:ual") Y
// pm Jom R
A ~140 0 »
B ~350 ~140
c +1750 +55
E 440 +15
¥ 430 420
, G 470 | 415 .
/ H =100 ~90 ‘ “
It ~255 ' =50 &
J 470 45 )
K -20 -140 & )
L i -190 ~213
’ M 465 10
N -5 420
y +195 -5 )
r | “10
Q «65 420 /
st Y P SN if/ B RBENT ek At e o e e et i -
Mean \ -727,6‘6 ﬂ, n ~32.5 | ’
8.0, 145.73 75,38

e R e Dt T mg T B e aine i ot e b B e e - CE ot B A DR ks MM i e e S T il b

tables 13 and 14 showed that for both Rubber and Dietrich’s castings,

14
10 out of 15 dirsctional monitors of obliqus sesting wessured at the
gingival seat pusition ware relsted to the sune direction registered st

the axio-ocelusal position recorded contralsterally, though these were’

pot necasparily associsted with the sswe preparations for edch mpression,‘

4
source, The repeating pattern of negative mesn values sugyests sn appsrent

trend for oblique sesting to !avimr the 1lingual direction, " .

] .
b s
.

e A
4

P
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Table 15

( J . CORRELATION OF ACTUAL GINGIVAL SEAT DH;’CH!;}PANCY 7O ACTUAL. AXJO-
/ OCCLUSAL MEADUREMENT CONTRALATERALLY IN THE BUCCO LINGUAL PIANE.
'\
Tocatfon of J'it':ﬁf;tjr('xr)t:nt Coeffic 1vnt uf cor rﬂif Uon
F K - . Rubber D{gtr!ch’n
. | Puccal Cingival Sest dim.rnpum,y 0.3 ‘ 0 81“ )
to Lingual Axfo Occlusal r / '
Buclal Axio Ocelusal to ! #
j Lingunl Gingival Seat discrepancy 0.60 : - 0.4z
] J ) (n*i)) (n=16) /

n

. ' Tables 13 to 1% have sugyested that oblique seating has ocourred
P%.
during cementation, However, despite some statistical validity, further In-

vestigation 18 necessary to ascertain the Influence of the pasfive Innate
' \ .
spnce between a4 casting and the preparation prior to its cementation,

- \

- .

Dirsction of Oblique Besting

13

W /
: the vecurrence of 4va apd -ve sign nonitors for obliquencys of

-

geating gave nbéimmedlataly apparent directionsl trend, (Tables 313 and 14),
though possible hinting by the cunsistent negative mean values of ti1lt that

@&
obliqus sesting towsrds the I1ingual nay predominste.

*

~

Further dstu,{not presented 1n this thﬁsis, hinted that §ha
shaps of a prepsration may influence or guide the hydrodynamics of ceuent
- flow and hence ths resultant direction of oblique seating of castings
particularly where the length of ons axial wall pradominstes over thc7

e /

other thred sspscts,
.- : \ ) /
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The purpose of the current study was to Invest{gate and compare -

the characteristics of fit of pafrs of unvented full crown castings (Lype

11 gold) for anterior tgyth preparations, obtained from a polynu]pﬁide

SR TP e, s EIATT Tl

rubber, tray fmpression, snd a Dietrich'y therﬁéplaﬂtic band fwpression |
souﬁge for each of 16 teeth, following cementation of the castings in vivo.

Tt waw, apparent that there have been relatiQ;;y fow previ?ﬁa
studies on the overall fit of castings. ‘?he problens in thaining true
inwv{vo materfial, and the ditficflf? in f;ne sectioning of a'haraxgomplex
such as 4 gold cn;tlng uumenied onto-a tooth preparationﬁiﬁg“to the
adoption’ of several Indirect in-vitro methods with inhegentlyllimited
applications to the mwore complex c!inicél situation; namely by Jorgensen
(1960), Kaufman, Coelho and Colin‘(196lz, Bassett (1966), McCune, Phi?iips;
gwartz and Mumford ki97l), ané’bimauhkieh, Davies and Fraunhofer (19;4).
The studies by Fésayam; (1963) on expandag caﬁ%ing», and Jones, Dykema and
Klein (1971) on the effectiveness of venting é;ve Improved differential
1nfarmati$ﬁ on the overall f£it of castings but were sgain In-vitro,

The clinical “studiss performed to date have been by Yoshida //
(1959) uand Murata (1967),/bJ;h relying on the use of tgéth(slat&d for K

estraction, or previously crowned teeth requiring extraction for various a
reasons, Occlusdl cemwent lutes of 50 t5'230 microns wers dgmunggrat@d,
There vas an equivalent discrepancy shown st thé g;ywn‘ma:ginsq

J The concept of fecovering srcemant'lutc ;bpiica, devised by
MeLean and Frnuﬂﬁ;}nt (1971), and extendsd n the current study, is to
/&sta ths only truly in-vive method which does ndi/raquira the agcrifile \

' £
of the prepared tooth to measure the space beivsen a8 casting snd 4ts pre-

ysiatibn occupled by cement, and thus could eventuslly be extended into s .
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- diumeter to phosphate cement (Table 19. The f1]m thicknessess obtained

© Mpgual preparation design iﬁ the current study, -

’

Tongitudinal study, A polyether elagtomer was substituted for phosphate
cement Lo allow complete recuvery of the lute, lmpfégum was shown by
McLean/and Frauhofer (1971) to have equitable properties of flow and disc
from the current study were in the pame order ag were obtained in previous

studies using actual phosphate cement, A range of fit of 8 to 349 microns

. , Y
vag demonstrated at the crown margin in this study, which for the Rubber

Impression pource showed a mean buccal fit of 85.94 wicrons, and 65.33

microns at the lingual. The mean buceal fit wus larger thg? that obtained

by MeLean and Fraunhofer for mesfal and distal nargins of 66,7 60.8 microns
and 26.1% 26.2 wicrons respectively, However, the latter being taken from
- e ;
the mepfo-dinstal sections of castings on prenolar teeth were more compatible
3

to the recordings of £it obtdined for the lingual crown marging and the

/
- < . ~
-

FPusaysmwa et 51;1}963) demonstrated that & cement 1utJ required
an oversall p;guiva innate space of more than 30 microns for maximal vertical
seating, This ranked within the 40 wicron and-25 micron particle size re-
qui;éménty for phosphate cement by the A.D.A, specification standards; How~
ever, the mean fits of comented castings sahiev;d in all previous éfudies
have been gongﬁdnrnbly larger thas this winimun grain size except at points

of binding or_compression contact.betwéen a ccsting and its tooth preparation

. /
(McLean snd Fraunhofer, 1971). ‘This 1s due to the large nusber of variables

inherent in an’ indirect ﬁraaeduﬂh fggm the shape of the péapatatian, the
impression ané-lsbératary phases, through to the final cementation. Indeed;
Téteruck and Munford (1966) suggasted that ths daf;nition of casting agéurscy

should teke into considerstion a degres of fit rather than sbsolute adupts-

tion, | , /” D
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L™ 1f biological acceptability for a wubplngival crown-cement=

tooth margin sere shown to require a fit appruarhin the effective grafn
size of phosphate cement powder, it is doubtful whether the 1imits of
ciﬁnical acyity for detection of margin fits using current instrumentation
by explorers and radiographs are adequate, (McLean and Fraunhofer, 1971).’
. Nevérthelesa, McLean and Praunhofer suggested that BAmatyiﬁliit of 120
7 microns may atill be acceptable g]inicully,‘;ut—the ronfirmation of Lhin
vpinion by longitudinal studiea on the basis of thJ bﬁological iwplica~-

-

tions 1s still ;écking. Buch a4 range of fit is already four times the

theoreticnsl obiective» of fit for the current cement technology, However,
the current study demonstrated that this is indeed the mize of f£it at

ctown margins being frequently exﬁericnced clinically,
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|
(‘) IRubber Dietrich's Comparisons

~

Comparison meapurements were obtalned from Lwo' sonrces,

£

Parametric measurements of the cement Jute Lhiéf%anuﬁs were obtained N
from bucco=-Jingual wicro sections of mutual. palrs Of cubedded recovered

Jute replicas. Secondly, photodensity estimations of lute thicknesses: /
« = —_— 3
were scored from Kodachrome slides of the roecovered lute replicas ir the {

buceal, Jingua], megial and diutal anpects before cmbcdding.ﬁ Of the latier,
2

J ‘ / the buxco—linyual estimitions were crou&; ﬂfnrrod to the parumutric reading

;)';-“

at the pame site for statistical va]ldu§1on of the photodensity. categorias,

s Qﬁ& which were comgequently shown to be significent individual groups, (Table 9). //?

> ’ ’
[ “ <
It must be noted that a cement <Jute 15 a measure of the
P
% . /
Impression accuracy, the Innate space between a casting and ity die, and

»

£ =
. the effects of cementation, .

-

£

The control chosen to standurdize the agspact of ]uborgtory
7rror wig the mutual proceduré adépted for cagh qﬁmber of aacy pair/@fl
1mpréusion sources, Thus, each member of the paix was pouteg frgm the
pame mix of aie stone, the énit of copings werd waxed, uv}uad and caut .
togethexr in the bu;ehgugging ring, nhd 1f the fit of one of the cantings

- 13;3 ﬂtitiﬂi/g& vi!nfgally, the vhole palr of Impressions wes repeated, . 4!
ﬁ | ¢ ' Postglatians had beedgmada in the Introdqatia# that a ﬁwumplng
affact, ouing to the mul tiple phases involved, and the sffects of cemen-
tation night bave nullified any differences betvesn the tLo impression
/ sources, lNoweyer, s consistent repesting pattern pszniatcﬂ of cl7ssr
' fits favouring Bubber st sll sites of maagur@meut; ‘The nean scores ang/
0 standard deviations were _1:} a1l categord es— graster for the fit of castings s

- - . !
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M mid axial region which would thus maintsin the latter lute thickness st »

©
' - : A
from the Dictrich's source than for Rubbier, and with no ststistical reversals,

s —

Crown Margin Macrepancies —

» en e TR

A WA

The mean pajred difference in the cement lute discrepancy or —
“gemented £1t at the crown margin of castings obtained from the two impression
/? K3

sources wans not statistically significant despite the c¢closer mean fits lpr‘

/ »
Rubber, The mean buceal fit was 85.9apm, 8.D, 46.42 for Rubber, and'}07.68ym,

5.0, 87,55 for Dietrich'ar $8imilarly, at the lingual, the mean {1t was

65.33pm:/8.D. 38,79 for ﬂbbber, and 79,06pn, 8.D. 72,7? for Diﬂkrich's
(Table 2). —
The photodensity assays of the lute thicknesses contributed
supportive information op the distribution of fit at thavcrgwn margin

(rable 10), Twice asn man; poor fit zones (category 3) were uuuociatcdlwith
Dietrich’s than Rubber by 21 to 10. A pattern of more close £its (1) and
more sverage fith(Z) were shoim foi.Bubber but wers without statistical
significance for Ehéwaébple._' . ’ /
. - |

Mid Axial Discrepancies

HRL IS O] 5 N Sk A - RO A TH ] A AR S A

Not unexpectedly, tha_in?ividual and mean lute thicknesses st
- the mid-axial position exhibited the elosest £it ;t castings from both %
fupression ?ourcea. This 18 partly becauss 8 loqg sleave joint aflecf iv
taeting betw&éﬁ the axial wails of a crown praparation and 1te cawting for
any given occlussl displacement, prqyidcd thaé the taper of the preparstion
is not excessive, (¥ig.14), Fnrthcrmorc,'th;*obacrvntion of cautﬁngs to
Nest fbiiquely in the bucco~lingusl plane %urin; ésﬁantation, necevsitates

the existance of s fulcrum zong sgainst comprconﬁd ccmcni/parzicieg in the

;, \ . 4 . ¢, ' @
) , ‘ ) 89
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winimum despite the rotation, e T

Aguin the meun v:ah]ms1 and standard dcviaj:jom; were amaller for
Rubber, but a statdntIcally significant mean difference was demonstrated
at the Jingual aspect (p<05), from the {1t of castings from the Dietrich's-
source,but this was not evident at the buccal location. Y,
;, e mean buccal fit z;corded for Rubber was 77.18pm, 8.D. 33,66
| snd for Dietrich's 83.43pm, 5.0, 40.%2. The mean lingu;i fit &as 67.81ym,
8.D, 95,63, for Rubber and 103.4%3pm, 8.D. 62,17 for Dieﬁ(iqh'a(
The photodeﬁuity néuuyu revenled no ;Lntistically significant
di f ferences, Hu;cvox, the puttern of more close fit zones (1) and less

excessive Jute thicknesses (3) continued to be agsociated with the.cﬂbtlngs

from the Rubber fmpression source (Tsble/10).
!

Ax!o-OFc]uuﬂl Diucrepnncﬂﬁs

1R R LRPIER S SR e L A Y R ARE F NN S PRI ML SO SR TR / ~

The pattern of closer ity followifig. cementation confinued for
castings derqud from the Rubber imprgusibn wource, (Table 5), but extended
to a statistically significant difference from the Dietrich's source at both
the buceal, and 1ingual locations (pg.05). Bimilarly; from the ph;%odonsity
BEBAYH chexg w37 g/uttonget degrie ut‘ussocdatiun'ol clossr fiFﬂ Rubber, .
(pss . 05).

The wean buccal f1t was shown to ba/él.Bme. §.0, SQ{éB for
Rubbsr, to 126,87m, 8.D. 155,33 for Diatrich’s, und sinilarly st the
1ingosl, 114.37pm, 8.D. 82.56{/5nd 152'9?P’; 8,D, 222,69 respsctively. -
Tha rangs of axio occlusal lute thicknesses was in thnfiamciorder as thst
obtaintd for the ocelusal locatiop. ﬂoweva;,‘theia wirg larger deviations

about the wean valuen owing to a superimposed tandency ior 5ucco—1ingual

obliqua seating (Tkh&es 13,14,15), which ié subsequently discussed,

!
i
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Ocelusal Discrepancies :

i e e A s

Not surprisingly, the castings from both fmpression sources
revegled thelr largest mesn cement Jute thicknesses st the qtcluunl position,
w o . ' ; ) -
This was due to the trapping of cement occlusally -whilst the narrow mid axial

lute was being more rapidly closed during seating, However, the\largeﬁt DI 6N
paired difference between the two impressioélﬁources alno occurre& at the
vellusal position, namely of 63ym, 8:P. 76.4%,to Ehe éioner fit of Rubberj
This was statistically highly significant (p<.01), and thus ewmphasized the
peryistent penetrat;on of the different impression charascteristics of the )
two Impression muterials despite tﬁé cementation effect on thedr castings, /
and the intermediary varisbles of the laboratory phasa. -

;L’}le wean comented it for Rubber was 1.‘37.31}::::. 8.D. 80,21, snd "
220.31pm, .0, 98.07 for Dietrich's (Table 6). '
) - - *

Summary¥ Rubber Dietrich's Compsarisons. ”

It is apparent that, although no strongly nignificﬁﬁt‘dlffcrunce
was shown between the mean-£it of comented castings from the polysulphids
rubber and the Dietrich'a thermoplastic compound impression sources at the
actuai cxown nargin, the significance progressively inczeanad to a highly
significant difference ;rom the wid~sxial, d§10~g;c1u;§1, to a maximum at
the ogelusal position, Since all other sonditi?na were mputual to the caslings
of esch impragsion pniéf the original fit ;harnctcriuticn of tha two imyrcs#-
ion sources are considersd go be J;stinetly 4ifferent,

Although the Dteyrieh's gompoénd ;echhiqualis potentislly ;a

capsble of acﬁicying 88 close 4 f£it 8 casting after cementation ay the
- b - -

¢ - polysuiphida rubbar source (as 1s evident in ptcpnrn£iob K, N snd P, Tabla 2),

the materisl and techniqus 1s considarsd to ba more ilable to poorer
' F’

o~
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?wprua%ion adaptation to the tooth preparation, or go gredter permanent
distortion, This was confirmed by the consistently larger mesns apnd stan-
dard deviations shown for the {§t of c%utinzs from the Dietrich's source
following cementation. Similarly, the photodensity scoring over all four-
axi1 and marginal nurfaces (Table 10) showed that, aJthougﬁ Rubber demon~
strated 407 more close fit zones (1) by'Jotal, than Dietrich’s, the d4iffer=
ence wag more significant for the occurrence of poor fit zones (3)~nf

wich Dietrich's produced 87% wore than Rubber, and they were eqdaily dis~
Lrib&ted‘over a1l the locations of scoring. ‘ }

 The significance levels of the mean palred differcnces 0} the

cement Jute thicknesses occurring at s maxiwuw ?t ihe occlusal Jocation,
and dropping to a winimum at the margin, also related to the thigknesu of
the compound muioriﬂl withln the fupression band matrix, which would be
maximal st Lhe onclugal aspect, 7This concurred with the description by
Roydhouse (1962) of uneven cooling of thermoplastic cowpounds, especially
when In thicker éeuﬂiona, wbieh’may inco;pornta repidusl stress owing to
the Jow thermal conductivity of the weterisl, On removsl ?f the -dmpression
from the mouth the propertiss of compounds relstive to polysulphide rébﬁer /

may 9330w soma greaier release of this stress owing to the high coefficient

of axpunuion, and its high flow st mouth tewpsraturs of 6% (Skinner snd

/ Phillips, 1973, 4 Ld A.D.A, Bpecification Na.ﬂ) potentislly resuliing in s

permsnent aefoxmation on cooling to room zampcrutgrc,

| . uowcver, it w;a apparent thnt, éqkpit; s tendency for inha}ently
grester internal gpacins'being prasent id\thc more occlussl aspects of the
Districh's cantings, this 414 not permit »igniii&antly furthsr sesting of

the casting, norx minimizc the vertical okmentstion displacement by improving

o

cement “flow, tj/hﬁyiﬂﬁ the closure of ghy margin, Obviously, distortions or

SN 2 \
hd A

, . ) ; 2
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lack of adaptation are irregular, and bipnding zones beneath cnhiings%gx1st

v

concurrently to prevent compensating seating,

\ A voncept of passive fi¢ s 1hvruf0rej}s€btly different, and ,
S ) :
1shoqu Imply an equal, oversll passive,fpnate space Lelween the preparation

e G e S SRS AR

and I8 ecasting grester than the effective gradn size of the comept used, .

This would be particularly fmwportant to achieve st the narrow axial fit ,

locatfons, snd especially on the wesio-disral gspects, sccording to the

|

4 1

current study (Tables 11 and 12), Indeed, Mclean and’ ¥raunhofer (1971)
ubuvrvudha better than antilipated fit of .porcelain 3dvket crowns relative
to castings once cemented, probably owing to the uniform space of the plati-
num matrix, However, Jorgensen (1960,63) éﬁgtioned‘néninst/reaming out

-

4 e 3
41l but the marginal few millimeters of Lhe it surface of 8 casting to
sehteve an gverall Imnate space free of binding Interforences, He spocified
the risk of setiing up & cement fiJLraLion effect In the effective grain

size ranpe of 20 to 50w which, 1f occurring at Lhe crown margin, couyld -

3

4
wesken and wash out the nsrginsl cement lyte ses] und Invite subsequent
failure., |Civen the current sceurscy ﬁt castings, the xecommendation hy
| .

Jorgensen wias Lo raduce the f1ltxation effect snd inprove cement {low by

venting captings Qccluuilly.

. ) L
. ’ / . :
Ciinically, for both 1mpxasa}oﬂ Boutcea, the %nyZZ;h mesn fits

at the erown margins obtained in the current atudy 13y wsll within the uppsr
,11m1tﬂ “of margin acuity nuggas&ud by Cbristgns@n (1966), Howaver, the stan~
dard devistions wers high, particulsrly for Districh 8, This vas partly dus
to thc<vids variation in sccuracy inherent in 81l currently used techoo~
~logy for inditvu£uresco{?tingQEZZ;;X{:iinaspitc ths ideél goal of tha 25pm
af feetive graﬁn{aige of phosphats cement, The gisctqpaﬂcy‘iy further conp~

; B
b , . . ¢
o

s
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Licdted by the diaplacoment, )\\,3;1 hydradynamie ot fact Jurdng aubaoyuent comens
4 ’

tation, T the Chvistenaon atudy, if llﬁpm wag batug passed an pood for the
. . - - oW
fit of anbpingival wmarging of pcaatings whieh had hoen comentedy the name

€

' I
vange maat apply 1o the problowm of acceptance ov vajection of a cant ing
‘ /

A ¢
during the novmal elinteal svaluat fon procedure priov to cwmnnla!hy\‘ Thea

.

4 : \ v
vt roduct tom of coment may aubdequent 1y compound thia digevepancy aubatantially,

wmloaa {1 were capable of z2evo t4ln thicknean,

o4
’ 0

Although atatiatically atanificant ditforencas were ahown bho-
tweon the two gota of cartinga, thia wan absent at the actual crown margin
deapite a continwing closer £t for Rubher,  The buecal patved mean dH Cove

anee waa only 21.7%pm, S0 95087, and !G.Oym, 8D 82085 At the 1ingual

Cwmargin.g ¢ the current Ty achioved vange of 1 ia acceprahle olinieally,

\

(hm\\!hiﬂ patrved mean diffearance camot be used to indiet the Diotvich's
compoind  techuigue. N}\wvm‘, 1{ the binloglical ohjective wora zhown to he
a it in the frdpr of the 25 mieron ov 40 wmicvon grain atza of the coment,
waed, sueh ditterences may hocome afgniticant,  Howevor, this deghee ot 1t

U o

may fmply the neod for a new concept In Iaid coment (hon pm‘l‘icla\) terhne-

1]

Topy,  To date, wder the conditions of the anvrent aceuracy of cant hipag
Aauch cementa an veain ayatoma have had wmany failiogs lm/t can, according to

Schouboe et al (1956) achieve a tilm thickness as Jow an 10pm.

‘

tation of caztinga from oither hapreaston kourca ditd not approach these low

N\

Alues,  Some technleal auggestions are offered Iater tn thia paper to

niniwmize the discrepaey, ‘ h A -

-
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The Tharacterviatica of Fit of Comented Caatings Mutual to Woth ' )

?ii:ij_j?d Diatvich'a me\nnniﬂn ASourves,
/ ]

‘

Buceal to Lingual Marginal Relationahipa, .

- ~

Aatandard deviations weve

Conatatently, larger mean fita‘and
. \\

sean at the buceal aapect of cvown margina and gingival seat poaition than
at the Tiigual, for hoth tmpresaton sourcea,  For axample, foy Rubher, the

mean 10 at the buceal mavgin was BSJT»mn 8.0, 46,47, to bh.aﬁpm. S.D. 38.79

at the lingual, \ “’//pr / .

Since each tooth preparation waa conatant for esach patr of

cantings, thia pattem wnﬁ\oonﬂidnrad to bo an fnvivo demonatvation of the
o~ 4
geomat ric fnno!toﬁx@j the ahape of-a buceal chamfar relative to the move

[

tapered Tingual finiah line for any glven occeluaal capentation diaplacemenk

. . 7~ ,
deacribed by Puzayama ot al (1964) in vitvo, (Fig.14), lowever, for the

@

aampleatudied, o signiricant t-values were detormined,

|
. 1t {8 TAter-deacribad that a margin diacyopancy may be compownded

by a atgnificant tendehey for castings to zeat obliquely during comentatiom,

(Tahles 13,14,1%).  Farthevmore, for the antevior ovnwnlpvapnvnrinn shape,
a trend was ﬁuggnakﬂd which openad the bBuccal mavpin the wider, ;s the
crowns wnder atudy tended to 111t occluaally towavda the Tingual,

1t wayk of courne, diﬂvonrngfng to indieate that the dueceal
marain was voutinely the poorer {itting since 1t 1a8 there that ‘according
to Amaterdam (1974) the carvliest aigns of paviodontal Breakdown are often
observed, in a pertodontal tiassue that Goldman (1851) deacribed as woaker
than “that in all other normal locations, to withatand abnormal st veas.

The authov later dosoriha§~duﬂigh modi fications at thoe m§r%fgrln

P

winimize the marpin discvepameies for a given comentation dtuplatementy but,

Alno describes the dmgers of over compensating. . ‘

LB ke ¥

ot ot
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Ocelusal Mavginal Relat{onahipa ;
@ . v ‘
The corvelation of the occlunal coment Tute diacvepaney, or = -

! v

\ i
total vertieal daplacenent, 10 the gingival acat and crowm margin dia-

o L

cvepancy waa not as \mffmmly At romg ntmimio?ny (Tablea 7 and 8) aa»

» had heen aarumed in nvmaga £t atudion wonducted by Jorgensen (1960),

rl

. Raufman ot al (1961), and nAmmc (1966). . ™ia waa Auix‘:lb(nted to the ®
A ° variable offgeta of any apically tno‘Hg\"\éd margin deaign, to .th@ degree of tanate’

. . s ’
N\ occluaal and marginal adaptation, to thin margin distortion during caating,

and thae m\pm‘f\npnﬂml etfact of obligue meating.

Oceluaal ~ Gingival Seat Diacvepanay : .

-
3

. For Diefrieh'a, the rqs‘lnt:immht{s followad what had been \ax\mowd
from atudies, on the geometric Wnfluonee of marvgin design on the coment lute
diacvepancy (Figil4),  Occluso-buceally a strong rvelationahip (pg 0%) .

- oxiated om*vospond.{m{ to tha largevr margin angle of the chawmfey preparat fon,

There was no afpgnificant ocelusal ~lingual corra\;a‘in;\, which followed the

more tapeved lingnal preparation mavgin and sleave Jointreffoct oxpocted.
A aignificant covrelarion was demonstratad for Rubber at the

occlusal- Hnmm‘l relation, (py . (05), but was uot strongly . «vam\r m‘ehmnh

2

hueeally, -

Occlusal = Crown Margin Discrepancy.
~ v

Nn aignificant correlationa weve showm for eithex impwmim\ g’ N

o

ROUYFCO at t\m actual crown mavgin®d.  This was again attyidbuted to the sleave H

offect at the lipgual margin, to the large nymher of varfables acting ats tha
® A -

; :

buceal crown margin, and particularly to the &fect of an apieally fnelined

ahimfor or alight bovel if present.

poe-S
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BuccoslLingnal to Meaio~Diatal Compariazons. : .
[ : ' i ' ' oo™

-]

PN >

. ) 7 ;
POy tThe cant inga of both tapresaton sonreaa rhprg/wnn a afani~

ficantly preater assoctation of move clone fita or compreasion aonea (1)

4

to the meato~diatal aapecta, and of heavier thick zomea of coment (3) to

3 ¢
the bueco~lingual aspecta (py 0.01) acored from tha photodenaity aatimationa,
) ,

/

{TMﬂvsllnndl2L A . -

Ry

@
Thia concurved with the atmilar obaervation by Teteruck and

- A v
\\\\§‘2:§£ord (1966) on the precementation fit of cantinga for antfrinr erowm pra=

parationa. A greater tendency for weato-diatal hindiﬁg\agninar the die

° e

had boen vecorded, probably owing to a phyatical contraction pattevn in-

herent for the geometric. shape of anteridr é?hwnn during the casting pro~

7

cedure, o 9

Tt da thun asuggested that the wesial and distal f%t surfaces

f v
of caatings foxr anterior erowm preparationay ave tha most 1ikely nites

for selective internal reliaf when warranted,

A
\Ghliqne Seat ing of Caatings During Comentation

" - e Ay e -ra - VA 3N T NI M O ETE W (N YA B W

Prey

Jnrgenaonh(IQGO).dﬂaovihad tha phenomenon of\bhitqua aoat ing

»

as the inevitable conanequence of the hydvodynamic manipulation of a semi '

flnid coment acting In a aemi eloaed aystem,  Bassatt (1966) "was wable to-

S

reduce this alffoct uating axial gutde groovea in crown preparvatious. NHow-
. ‘ .

ever, Jorgensen fn}t that the greator coment flow obtatued through a vented
N °f . .
casting would reduce the oblique seating offact by reducing the hydrvoatatic

prossure, and by, allowing further seating of thae casting, *Jones, Dykoma,

and Rlein (19/71) did not rocord any atgnificant obliqua seating tn their
, .

venting atudies but a depree of vertical seating guidance was used in thelr
aothodology. /
&
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In the envrent atudy, a macroacopie visual impreasion indicated
a nubject ive oblique seating which was then hprn out pavametrically,
Sfgnifticant correlationn (p§$¢01) wara ~vecotded acrosa the co@tra

lateral diagonal between thy gingival aeat and axio-oceluaal locations
’ f .
(Table 15) for comented casztings from both impreasion sourcsa,  However, foy

A l

each tmpreaston aource the correlation wan incompleta acroar one of the dia~ =

gonala for the sample, ¥

¥

Bucco-Tingual ‘differencea at the gingival acat and axio-ocelusal
positiona were alao wsed to monttor the divection of oblique neating (Tables
13 and 14).  The divection of obligue acating jﬂdgod by tha gingtval aeat
monitor was the aame as that jﬁdaed by the axio Aoc\nan\ moni;or for 10 out.

of 15 caatinga; for hoth the Rubber and Dietvich'a fmpresaion sources, n\thnnaw.

) - v

/rha valid cant inga, for which- thin relationship of obkiqua aseating held, er@

not always those for the aame proparations. ‘
/ s, .
. The tendenay for aignificant obliquenass of deating can be ox=-

5 plainad by atrotational displacefient ruperimposed onto a vertical oceluzal
dizplacement wnder the influeace of the aeating prasaura, and the veanltat
- G

hydrodyhﬁhic force of comentat ton.  Nowoven, a mora apﬂoifcnnT1y derigned
v .

method of fnvent igatiom %ngniunn( of the diatribution and Jmensions of tha-

» ~ ¥

pzsaiv@ innate space between a caating and thae prepavation as a poaiible in-

. f
Nuenca are needed deponding on the 11w thickhaas potential of thea cement

to be uaned,, ~ ) :

’

Thera did not appear to be any immadiataly apparent tvend fod the
cantings of elthor impreasion sdurce to a greatar occurranca of oblignencas

of yeating to either buceal or Yingual dirvection (Tadles 13 and 14). Never-
|

-

yhol¢ﬁs. tha meana of the hnco£"11nana1 ditforences at the gingival seat and

o

axto ocelusal-poaitions choren to monftor obliqua seating werae all negat ive

walues. This fmpllad a trend for the castings for full crown prepatations on
: ' Y
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\ . , .
he anterior teeth uaed, to seat occluaally obligua rowarda the lingual, | &

which would conaequently tend to eloae the 1ingual wargin,but  alao, would AR S

-

~ \ ) . '
mfortunately tead to votate the buccal margin opens  Howaver move apecific

teating 18 vequived, ’ . ‘ -

Rxplanationa have heen offered. Firatly it haa' hoen supgest ed

\

that the directional trend resulted from a lateral bias in occluaal aeat ing

»

preasura produced from the mastication prasaura applied through an orange

wood atick to the caatings. This had been usad to maintain full aseating »

following the initial cementation loading which was applied by heawy finger 3

prosaure,  lNowever, aince moat of tha preparations wara upon upper amnzgrior
P2
teeth, 1t would have ademed to be more probable that a realtant foice {rom

the mandibular teeth would have heen tranaposed to an oblique tilting of tha

castinga ocelurally to the duceal, which was the revetrae of the tvend

dencridbed, -

i Sovnndiy. data not presented in LhiL thesia, hinted that the

~

ahape of a preparation may have an influenca on tha hydrodynamics of coment

low,
)
It 1a theorized that during tha comentation of a caating, theva jg

o

wanld'ba a afgniftcantly greater amownt of coment to be axpresszed fyom be-
tveen any safgnificantly longer axial wall and tha casting, auch that a great-

or vesistance to seating might be rvegiatered at that location. The ¢rvown
.

N

proparvation for an anterior tooth often obsarvas a significantly longer bhuccal
4 ) - L} '

-

axéal wall owing, to tha position of the labial- gingiva. The above theory

would, tharefora, suggeat that, on coﬁantation, tha casting would aecat lesa

N
completely nn:}tn longer buccal aspect for any given vertical seating preass-
. B 4

6 - q

e, mha\$rown would thus tend to tilt.occlusally obliqualy to the lingual,
4

which 13 the observed trend suggested. ;A clintcal fuwpression of ann!hog/

ﬁ
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’brnhnhIa example of the difacta of fluid f?@w\?ay of fer aome aubatantiation

of 1WA theory, Namely, it has been observad that during the recovding by
, A (
a compomd hand foproasion of a crown prspavation with long oceluao~ y

7 2

pingival Hwenatona of which tha Jabial axial wall ia aigpifionnr\y the
/ -
Tongeat, the dand aay be aeen to 1ift from tha ducaoal gingival aapect

‘ ' [
anel that oxtra lntcvﬁﬁ finger pressure {3 needed to enaure vertical'

aoating of the hand.,

\ .
r ~

Compenaat fon for Cementation Diaplacement

' -{1 R e AT 2 T I R

: N
Several anthors have supgested measurea 1o compenaate for the

§
coment at Jon diacvepaicy, by decreaaing the rexaistanca to coment flow, and

by hnildinafn tolevance of it into the crown margin'daaign, /
guoh methods hava ineluded internal reliaf by burs, nqﬁ; regia,
'vvévﬂc ¢i¢clro p1:r1na, and foil or vavaiah apacera, Nowever thene mea-
anres géa empirical and difficult to control, | Tha curvent atudy suggests
that intemal reljef wmﬁ d be hest nppli/od to tha mid axial \ov.-u‘ fons and
pnrtivu\aély At the mesio diatal agpacta for anterior tooth arowm caat inga,
aa1ecL13a1y ;hwnlwnr;antﬁd. p /
W Axial gutde groovea have beon nuggested, but are without signi-
/ ﬁﬂxfiynnt veaulta,  Ocelusal venting haa been showm to imﬁvové varly cement

N
flow to afgnificantly tmprove aeating but this haa remained very wpopulay

elinieally. :

~

) - i
OuarwaxingZor overaxtending crowm margins was suggja(od an

aarly as 1928 by 3m

went,  This is ahborred by some clinfciana, but of thase, many ave adherving
) - /
to this advice inadveviantly,

Tt should be noted how easy it 13 Lo wisvead the length of a

bovel or sleeva heyond a chamfer finiah line when relating a casting.
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/ '0 Coviafnly, 1 a tull fininﬁ 1ine 18 apparent on tha it surtace of a caat=
‘ nf'mg, H\ia‘&.ﬂ\‘nmly impliea a minor ovev axtentions  Something vather than
nothing may taply a 50 = 120pm vange to the Yiwit of dis#crnahility dopend= |
— g on how the fit ta asaessed, (Chriatensen 1966, MolLean and Frannhnfnr' . p

1977, Jones et al. 1971, and Mhilliph i??k)‘

)

i . "

Whera there fa_a intentional philosophy of eatabliahing a ‘ 4 5‘
aleave Jaint or auperimposed bevel,a 120 - S00pm extanaion may he eanily

produced,  Nowever, owing to the tendengy for obligua seating of caatings,

/

and alao ;n‘onating diatortion of thin metal margina, a long aleave joint
> /

or a long hevel may wovrsen the margin seal picture rathexr than fmprove it.

The ejjﬁasiva ura of metal bayond the preparation margin haa

heen eriticized |ﬂriod0ntnfiy by Waerhaug (1993,50) in mainrainivg an wm-
. oy i ‘
cleanaahle aubgingival plague.  Such an extenaion is alsd thought to he

©

~ -
Tiable to distortion during routine aubgingival acaling, lHowever other
workers have maintainad conatderable olinieal sucenrs with a very accen- ,

tuat od long bovel superimposed onto a deep chamfear or shoulder mavgin as

: angpoated by Stein 1975, ‘ 4

Suppest tona artaing from the current study. ~

1

/ The oxpected occlusal comentat fon diaplacament of an wiventoed

/ . . .
83 ' N N
T7 anterior crown east ing was show to be H7pm, Tt 18 thus supgested that a

. b .
57“9" atmilar Yength apically inclina bevel i3 superimposed onto overy chamfoered

'

and shonlder mavgin to compensate and fwrther close the crown margin.

, Converasely, a butt joint mAVgin way domonstrate-a il volation~
" &

ship to the occlusal Jute and thus exhibit 157pm of cament at the erown
¥ “\ D7)

margin w?ich according to Norman-Schwartz and Phitlips (1963) way encourage
. . - iy
@%9 comont dissalurion and plaque acamulations  lowaver Tongitudinal studies

w .

o
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are atill needed off the hinldg{oal iﬁmlioattnns of the dngr%@ of margin’

s

v
N

Tir, " [
. \ - b
Alteimatively venting wight he vecomiepnded, afnce turther ssat-

. <y
ing {mpliea lead margin comentation diacrepancy and minimizes odblique aeat-

Ang. Bowavey, a nead for veating impliea that the hydrodynamie affect
/

of the cuvrently used particle cementa 18 too great, ?nd aupgests the need

A}

—— !
for new typea of zero f1lm thickness comenta which In turn will alao

domand-a new technology for indirect restorations of much move consistent

and greater accuracy than current castingsa, . ' \
: \\ ~ *
* , - o | :
f :
5 a8 v
7 ,
- g ;
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CONCLUSTONS,
The following 00“01vﬁ10nﬂ were drawa from thia atudy
1o waa asnumed in thia atudy, that the apaca hotween canting

/ -

and vy@pnrattﬂn, occupled by the elaatomer matprial, representa the cement

thickneas, and hence the lack of £t had the canting hoen potwanently comen-

ted.  The recoversd cement lute was therefara a measura of the accuvacy oY

’

. N m N N
tha tmpreaaton origin, the laboratory variablea and tha effecta of coment a~

{
tion. . The latter two vartablea were contralled as mutual for oach matched

paty of twpreasiona which had been vecorded sequentially for each ¢vown

“preparation in vivos Thus, any nlatinthyﬁ\y atgni ficant wean di{fervence

in the it ot the matched pair of castinga following comentation was '

atiributed to a difference in the chavacteriatica of the tmproaaton mateviala
. \ | . )

ad technique vaed, /

Rubber Dietvich'a Compariaona,

1) At all aitea of measurement of coment lute tWﬂeknvnaﬁn, amaller meana
\
< and atandavd deviationa werve assoctated with cant inga devived from the
' polysulphide vuhber tmpreasion source than from the Detrich's thermo-
p1n§iio coampound, withont any atatiatical veversals,
2) Trom measnvemnents of lhé coment Tute thickneas vecovded from tﬁn widdle
&
bucaor1{ngual wiero sectionr, no atatiat feal ﬁignifiennva was atfvibhated
to the mean di ffevence palw&un the matehed pates of coment Tute thick:
neaneal for rfﬁgﬂnga taken at the cvown margin location, deapite a closer

RS >

mean 1t being ansociated with the Rubber source. Nowever, the mean

‘ [ difforence bovamo ﬁtntiﬂtfonlly\ntgntficant»a; the mid~axial and n;ioé
ocelusal poritionn, &.a\ng to a very high level of signif!oanéc at the
/ .
S oeelusal Jocation, favnurh\él(xo claser &t of Rubhper, i
3)  An fndirvect photodenaity techafque tor seoring the cenent Tute thick-

nested zupported the disteibution describeldl by the pavametiie

103
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4)

5)

6)

Cof T waa shown o have atalint!vaIival*d%Ly when relared to the asao~
|

.
R T T T T e o T A Ll

\ / ;

3
Y

moaanrementas  The photodenaity technigue for eatimating film thick-
nesaea of the recovered cement lutes by acoring tnto diatinet catagovioa
&

ctated mean Tute thickneasea recorded.at tha aama locationn of measure=

!
1

ment made parvametrically, - .
Caatinga from the Dietvich'a {mpraaaton aourcs ware ahown to be
capable of acehieving an close a fit following cementation aa onalinéa
from the Rnhh@é aource, “J;dV@P, the larger mean valuea and the

o )
areatey occurvence of lavgar (it diacrapnncie; showm by tha Dietvieh'sn
caetinga indicate thng the Dielrioh‘éizmpvﬁaaian wacdrial aﬂk tecinique
1a nnﬁjéct 1o greater parmanent diatortion or Yo poorer adaptation than
the polyaulphide wihber, ‘
Ry total, caatinga fvpm the Diﬁtvtﬁh’a_impy;asinn aource preaented 87*
more poor it zonea (photodenaity caregory 3) than Rubber, Qhorvaa

cantings from the Rubbar impreaaion aocuree produced only 40% move vlﬁac

it zonea (c&[aguvy 1) than Di@t?ich‘a.

. N i
Pravioua {nveatigators %nvﬁ ahown that dental thamoplaatic compound o

materiala when in thicker sectiona nre\mnra T{able to bhuilding up and S

vreleaning restdual atreas during/onnl{nﬁ. ™is may velate to the curvent
atudy yhérﬂ the greateat mean differencea from the poalyaulphide rubber
source (catalytic set) wava/dﬁtorminod at tha occlusal aspocta avowmd
which the compownd fmpression waterial would have heen at wmaximom thick-

neasd n the copper band matrix.

.

The greater lute thickneaaea ocelusally and axfally determined for \

onstin%h from the Dietrich'a tmpresaion source indicated that a greater

tmate apace did not allow for greater compensating seating to assist

r

the cloaura of the warging by encouraging coment flow. 1t was concluded

v
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N that anffictent Mndt\\‘\g pmiea coextated with regima of greatey .
fanate aphce to v{mmﬂ the uli hmate man_t:h\/g‘o!‘ the caating.
\)i‘l‘fm‘m\\‘éa 1N Aacenrvacy hetween r}m h\\p\‘ﬁﬁ:ﬂ"h\l\ aonrcea pevaiated and
pmmtmwd\to tha/final. cepented fit of the caat inga deapite the ce=
mentatfon diaplm‘;smm\t effqat and any weontrolled variahlea acting
on the oamt\;g. .
/ ] -

/

(‘.h}n vacteriatica of the ®ig of Caatinga Yol owh\‘g Lementation, Mutual

to Ei\nt_h Tpreaaton Sources, | ,

1)  No caatinga seated fully on cementation. ’

2)  The oloseat mean (its and amalleat atandavd deviations were found
at the mid~axtial loeations, f}:l (1 .

3) Sig\\n‘{emmlg more close (1t or compreazion zoned ware ahown at the

° —~ t

mc\ain-‘dmi,a'l aspecta of the anterior Srown castinga atudied, and

/ converaely move excesatlve lute t,htcknnnnmi were demonatrated bueco=
TinguaNy. )

4) A atgnfficant tondency was (!(~vzxsw\\sz‘\'.;!0¢! for castringa to aear obliquel
duyfing m\mmn;l fon, p

5)  larger mean lute thickhensea were demonatyated at’ the buceal crown

4

B ey e i

o

y

margins (prepared to a chamfer mavgin fintah) than for the more tapered

agual mavgina, although no \s‘l@;,nif feant diffovenca was showm betwoen

the wmeans of the samples atudied. This waa further reflected {n a

tondency for castings to acat obliquely in tha lingual divection,

' NG -

which would have tended to ¢lose the lingual margin ands rotate the
AN

buceal mavain open.  Nowever, the nfluence of tha geometry and deaiagn

of a preparation mavgiu on the it or a cvown margin for a given aced

3 .
aal comentatton displacement was thought to the most dominant Cactor.

u-
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6) The mean fit at the cvowm margiaa fo)llowing cementation wan within the
ﬁﬁ@viﬂnaly eatablizhed Nimita of tactile’aaseaament and acceptanes fop
a aubgingival margin.  Nowever, the wide deviationa about the meana

A s ‘

angpeated that, although theae narginag had bBeen accepted within theae

07 Uindta prior to cementation, the weontro)led ﬂé?éctp’ot cementation,
. P - ]

.

wiing currently availadle cementa, multiply the margin dinerepancy of

TN - )

) Optimum it at the crown margin using current olinteal wathodolbgy

¢ .

the final functioning wnit,

may requive:
a) Paaaive fit,
Thia“aa an object ive ought to imply.an SV%%n1} even distribution
of fit parricnlarly along the axial walVﬂ. A paaaive it wmay atill be
a oloae 11 rather than ah exceanively or fvvepularly apaced fic,
provided, that no aspect encroaches on the mintmm effoctive gratn alze
of the cewment used,
Q} Mmternal veltief of GEe it aurface of castinga.
Tt i3 supggested that thia ia s¢1aci1v¢ly applied at [hﬂ‘mﬁﬁfO*
ddatal axial walla {{ ﬁtndina were suspeatad In a fall, erpwn-caat iag
f for an nntﬁr{nr tooth preparation,
\ c) A voﬁpvnnn(gna apieally fuclined bevel ahould be super hnposed ~

amto shoulder and chamfer margina compatible to the expeated avevage |

Al
°

occlunal y@méntnt{nn diaplacement, which wasa ahow to ﬁa in the ovder

of i%Opm. I{ a ]oAger bavel or a aleave Joint over-axtenaion Wﬁ;Q
wiad, oblique seating may ba shown to openw the margin rather than close
it, and Jo add to the periodontal hazard, For a'venrﬁd onsrﬂng, the

" neconaavy length of hovel wonld be ro&uved, uineca pravtnun\s&ndtas
augpestod that greater seating would be ﬂxpécted. ‘

/
/
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. }) The amallest/ mean comented it at the erown margin was 66pm, recarded

) ('2 . , for castings from the Rubber, impressdon source, in comparison to the . - ”
PR ( ° : l
t . *‘
' expeeted 25pm goal dsfinod by the grain size of phosphate cement. The

prange of it pecureing at th%ymurgin was actually shown tasba 8—340pm °

]

*deapite caroful elinteal approval of\the marging prior to cementation.

. Also, for any individual rasting, reglions of,excellent fit were shown,

' 1

) . C oy
to vn~ox174 with regions of poor ftt/owing to fnaceuracies in.the on&\-

h ]

% - ing and the effdets of cementation.  This vecurrence of uncontrolled

°

marginlq$soropnnvins partly oxplniis why {t is po difficult to osti-
. _mate the prognoais of any currvent prosthetie restoration without,
. .

somet imes Tfairly, throwing the complete onus onto the patient for

g o , ¢ oxtraovdinary daily maintonance thevapy. i 4
! ) R \
9) | longitudinal studies ave now needed to determine what dimeasion of .
' cement ' Tute at the crown margin is biologivally compatidle when
- * - v 3 b .
Placed subgingivally., . \“ . '
\
L
) /
‘ /

&

o
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