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Evaluation of the effects of an Iraqi phosphate bonded
investment and two commercial types on the marginal fitness
of porcelain- fused- to- metal copings.
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Abstract:

The effect of different phosphate- bonded investments on the marginal fitness
of porcelain- fused-to-metal copings cast by one type of noble alloy and one type of
base metal alloy was studied, Three types of phosphate-bonded investments (Castorit-
Super C, Norvest, and Iragivest) were used for investing the thirty copings of each
group. The marginal fitness of each coping was determined by measuring the vertical
marginal discrepancies between the gingival margin of the coping and the margin of
the preparation at four reference points on the labial, mesial, palatal and distal aspects
of the dic by the aid of light traveling microscope.

The statistical analysis of the results showed that there were significant
differences in marginal fitness among different investments for both Pd- Agd& Ni-Cr
alloys. The Castorit- Super C and Norvest investments produced comparable results
with both alloys, while the Iragivest appeared less compatible with Pd-Ag alloy than
the other two investments and it had comparable compatibility to Norvest investment
when used with Ni- Cr alloy. The Ni- Cr alloy (Heraenium NA) copings revealad
significantly greater marginal discrepancy than the Pd-Ag alloy (QD) COpIngs
specially when using Castorit- Super C and Norvest investments,
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Introduction restoration.  Poor marginal seal can
encourage plaque and  bacterial

Fixed restorations are important deposition resulting in  caries and

part of restorative dentistry and their periodontal disturbances with
successful use whether they are (cast, concomitant  deterioration. of  the
porcelain-fused to metal {(PFM) or all restoration ', The marginal fit of cast
ceramic) should begin with proper restorations 15 one of the most
diagnosis and thoughtful treatment researched  subjects  in fixed
planning!. The ultimate value of metal prosthodontics because it is important
easting lies in the accuracy of fit of the for longevity of restorations and
metal restoration and s identical periodontal health maintenance ', The
duplication of tooth struclure, any introduction of ceramometal
break in the chain of technical events technology made the use of higher
occurring up o and during the casting melting temperature alloys necessary
process can  produce  inadequate to  withstand the firing cycles of
restorations “!, Marginal seal is one of porcelain without noticeable distortion,
a critical factor for a successful dental and lead to the development and use of
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phosphate-bonded investments that can
resist higher temperatures and higher
stresses during casting . Selection of
& compatible combination of alloy-
mvestment 15 cntical for predictable
results . An imbalance between
expansion and shrinkage of the alloy
and mvesiment matenal 15 one of the
causes of unsatisfactory cast margins,
One of the aspecis that could be
affected and may  necessitate
evaluation in this process is the
marginal fitness of the PFM copings as
it has been shown previously, that
metal copings could be subjected to
further distortion of the margins during
the 1Erin,g ¢yeles of porcelain build

-

up .
The aim of this study was to
evaluate the effects of three different
phosphate bonded investments on the
marginal fitness of PFM copings.

Materials and methods:

A brass model representing an
upper central  incisor  tooth, was
embedded in a metal ring flled with
plaster of Pans, The brass model was
prepared for PFM crowns with heavy
chamfer finishing line all around the

tooth with a depth of 1.lmm . The
completed die was Tmm in length,
4mm in width and 6-8B degree of
COTVETEENCE.

A split mold was fabricated for
standardization of the wax pattern
copings with uniform thickness of
0.5mm. A split mold framework of
steel was tumed with two halves 1o
facilitate wax pattern removal similar
to that of Zakaria & Jassim A total
of 60 wax patterns, 30 tor cach group
were made,

Each ten wax palterns of each
subgroup with their minor sprues were
attached to a rmmmner bar (3mm
thickness in diameter and 30mm in
length) to ensure that the ten wax
patterns of each subgroup were
invested and cast in the same ring and
each group would pass through the
same casting cycles,

Three available phosphate
bonded investments were used for
investing the 30 copings of cach
group  that were divided into 3
subgroups, according o the tvpe of
investment used. The investments
were selected and used according to
the manufacturers recommendations
for casting ceramic alloys (Table 1).

Tahle (1): Manufacturer’s information for investments tested

L/P ratio
Mifem

Manufactures

Thermal Toital
EEpansion | expansion
Eh b

Dentmmm,

G ) 347150

305

DTET 520,

5177100
(Tl

Mfimistry of
tricestry and

Moe All invesirments studied were non carbon Iype,
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After completion of spruing,
investing was done immediately using
investing ring size 3x, which was
lined with a single layer of asbestos
free ring liner (1mm thickness). A full
liner was wet with water and adapted
shghtly to the inner surface of the
nng. Surface tension reducing apgent
(debubblizer) was applied carefully to
the pattern with more attention paid 1o
the inner surface.

Each investment was mixed
according to  its  manufacmorer’s
liquid/powder ratio, with its special
liquid at room temperature without
dilution, except for Iragivest, which
was mixed with distilled water at
TOom temperature,

Afler vacuum mixing, the
invesiment mix was gently brushed
into the patterns with a small brush,
then poured gradually down to the
ring under mechanical vibration for 30
seconds to eliminate the incidence of
air bubbles. After complete fullness,
the rings were left to set according 1o
the mvestment  manufacturers’
instructions (Table 1), After setting,
the glaze which formed on the surface
of the investment was scrapped off to
allow pgases to escape during the
casting Process. All the
aforementioned steps were carried out
quickly as much as possible in order
to minimize the possibility of wax
distortion, In addition, the investing
was  accomplished a1 the room
temperature with virtually no sudden
change in the temperature of the
surrounding atmosphere,

The burnout schedules were
carmed out  according to  the
manufacturers’ directions for the
desired temperatures and timings for
each type of investment that was used
for casting the selected PFM alloys
(Table 1), The two alloys tested were
Pd-Ag ceramometal alloy (Quayle
Dental, England) that was used for
casting the 1st group, and Ni-Cr

(Beryllium free) ceramometal alloy
(Heracnium-NA, Heraeus Kulzer,
Cermany) that was used for casting
the 2nd group. Both alloys were
handled according to the
manufacturers’ instructions.

Casting procedures were done
by & manual driven broken arm
centrifugal casting machine. Al
caslings were made with the same
casting pressure (four turns). A
ceramic crucible was used in a
centrifugsl casting machine and it was
imperative that a new crucible be used
for each casting, since alloys may
deposit metals or other materials
along the sides of the crucible which
could likely increase impurities, The
crucibles were glazed according to the
manufacturer's instructions before use
as follows; crucible was dried out and
preheated in a preheating furnace by
increasing the temperature from 300
“C 1o 1000 "C. An oxv-acetylene torch
flame was used for melting the alloy,
To standardize the optimal heat
application, the torch was clamped by
a metal holder which was attached to
the casting machine to lock the torch
in & way s0 that the flame distance
[rom the crucible was kept fixed at 10
em.™, (Fig.1). During the melting
process. as the lemperafure was not
monitored, slumping of the metal and
disappearance of oxide film first from
the metal were employed to determine
the proper moment for casting which
was made at just that point,

The same previous casting
steps were done for each ring which
was cast with Z4gm of new metal by
weighing with the aid of double pan
balance (Gallenkamp, England).

After casting, the rings were
gquenched in water as soon as the red
glow of the button disappeared, then
the castings were devested from the
investment manually with  metal
instrument, rinsed and cleaned with tap
water and bristle brush and then dried.
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Fig(1): Casting torch clamped by the
metal holder attached to the casting
machine,

Then the metal copings were
separated from their sprues by a cutting
disc mounted on a labomatory hand
piece. The imternal surfaces of each
coping was visually inspected by a
magnifying lens for bubbles and other
positive  defects that  prevenied
complete seating which were either
flicked off with a sharp instrument or
removed with round carbide bur at
high speed. These steps were created
on each coping prior to being placed to
the die. The metal thickness of each
coping at the site of sprue attachment
was checked after finishing of the
coping using a caliper device so that it
became equal in thickness with the
other parts of the coping (0.5mm). All
copings among each subgroup were
numbered 1.2, ....... 10, and each
subgroup was isolated in a plastic
container. The samples were divided
mio two groups according to the type
of ccramometal alloy used, Pd-Ag
group (P} and Ni-Cr group (H), each of
the two groups were subdivided into
three subgroups according to the type
of investment used, as follows:

Group I (P) was divided into:-

PIC): invested with Costorit-Super C
mvestment.

PNk  invested
myvestment.

with  Norvest

P(I): invested with [Iragivest
investment.

Group 11 (H) was divided in the same
behavior of group L

Measurements were made on
predetermined areas that were marked
on the four aspects of the die (labial
mesial, palatal and distal) below the
margin of preparation. A “screw”
loaded holding device similar to that
used by Thiab&Zakaria ™ was used
during measurcments to maintain a
seating  pressure of (13 4Newton)
between the metal copings and the
metal die. The marginal adaptation of
each coping was determined by
measuring  the  wvertical  marginal
discrepancy between the margin of
preparation and the gingival margin of
the coping (Fig.2). This was achieved
with a measuring light travelling
microscope (Carlzeiss-Jena, crmany)
alibrated o 0001 mm (Ipm) at
magnification x 200. Measuremends for
each aspect were done 3 times
repeatedly to ensure the accuracy and
to overcome any faults in the readings.
The marginal discrepancy value of
each coping was the arithmetic mean
of these four measurements (on the
four surfaces).

Fig(2): Measuring the vertical
marginal discrepancy between cervical
margin preparation of the brass dic and

that of metal coping held by screw
loading device.




R R R R R R R RS

Mustansirta [ Evahumtion of the effects of an Iragi phosphate.,, Viol.:2 Mo 2005
Results: each subgroup of Pd-Ag alloy
(P) and Ni-Cr alloy (H) are

The mean marginal gaps listed in (Table 2).

and standard deviations. Ffor

Tables (2): Descriptive and inferential statistics of the two different alloys
distributed among the three different inve:s:lm!:s..

Pd-Ag alloy (P)

Mean 50D CF %

32475 25.9410)

37.725 21.556

*CS {One-tailed (¢ test))

*=5 (significant)
FH*NS (Non significant)
The comparison significant of subgroups of Pd-Ag and Ni-Cr alloy
marginal gap means in pm for are shown in Fig (3).
op OH

Mean Marginal gagp

Fig (3): Bar-chat for the two different alloys distributed among
CiCastorit-Super C Investment
NiNorvest Investment
I:Imqivest Investment

FOD alloy (Pd-Ag)
H:Hersenium-NA alloy (Mi-Cry

187



Rlssmnainaz 1)

Evaluation of 1he effects of an Iraq: phosphate.,

Wal.:2 No.2 2005

The results for Pd-Ag alloy
showing the lowest mean of marginal
gon was related to P(C) which was
324754 followed by P(N) which
7.725 4™ _and the highest mean

wai
was related to P(I} which was
SR 475H .

The same behavior for mean
saloes related to Ni-Cr alloy were
preserted as they began with 39.454™
for H(C) followed by 44.64™ for
H(N) and ending with 46.205™ for
HiT). Among the two alloys. the lowest
marginal gap was recorded for P(C)
and the highest was for P(I).

Employing the Student-1 test
between the two alloys tested in each
subgroup of investments revealed
sgnificant differences at p=0.03 level

S.0.V

=3

Table (3): ANOVA - One Way for Pd-Ag alloy grou

between Pd-Ag and Ni-Cr alloys in C
{Castorit-Super C) and in N (Morvest)
subgroups  while  non-significant
differences were recorded in |
{Iragivest) subgroup.

The means of marginal gaps
related to the 1st and 2nd subgroups of
Pd-Ag alloy were less than its conlrasts
of Ni-Cr alloy subgroups while the
mean related to the 3rd subgroup of
Pd-Ag alloy was greater than that of
Mi-Cr alloy.

Analysis of wvariance
{(ANOVA) among the subgroups
of Pd-Ag group represented that
there was  highly sigmificant
difference at P<0.01 as shown in
(Tabled).

NS

Between

1330.417

665,208

Within

1819.91%

67.404

Total

3150.335

A least significant difference
(LSD) test was applied which showed
that non significant differences existed
between P{C) and P{N), followed by

Table (4): ANOVA (By - L5D) for Pd-A

highly significant differences between
P{C) and P{I) and finally followed by
highly significant differences between
P(N) and P(I),{ Table 4).

allov group

T P05 (Mon -significant)
=*p%- P=0.01 (highly —significant}
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Om the other hand, the ANOVA
test created among the subgroups of
Ni-Cr alloy group represented that
there were significant differences at
P=(,05 for at least between two
subgroups as shown in (Table3),
whereas the (LSD) test showed that

5.0V 88

Table (5): ANOVA — One Way for Ni-Cr alloy group

non significant differences at P=0.05
existed between H{C) and H(N),
followed by significant differences at
P< 0.05 between H(C) and H(I) and
finally followed with non significant
difference between H (IN) and H (1),

i Table®).

Between R R1T

Withen 1432850

1681.667

*N5: P0.05 (Non -significant)
*+5: P, 050 signi ficant )

Discussion:

Effect af Investment

In comparison among different
investment materials, the analysis of
varance showed statistically bagh
significant differences in the marginal
fit of Pd-Ag alloy copings, and
significant differences in marginal £l
of Ni-Cr alloy copings. These
differences could be attributed to the
ditferent expansions aof the

investments., There is an indication that
the better fitting castings were made
from molds that had more available
expansion, thus allowing the casting 1o
geat farther, and consequently reducing
the vertical marginal discrepancy "
For both alloys, Castorit-Super C
produced copings that had the lowest
mean of marginal gap followed by
Norvest, and the highest mean was
related to Iragivest invesiunent, The
total expansions of Costorit-Super C
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smd Morvest investments, stated by the
manufacturers to be 3.05% and 2.4%
respectively, were considerably more
ghan the total expansion of
Iaaivest.(1.7 £ 0.3%). These figures
would seem to verify the findings of
this study, and they agreed with Custer
& Desalvo!'" and Jenkins & Philips '"
who found that there were significant
&fferences in the fit of the casting
cowns  between  the  various
mvestments  that  had  different
expansion values and were used
sccording 1o the manufactures®
directions.

Copings made from lragivest
kad significantly pgreater marginal
&screpancies than those made with
Castorit-Super € and  Norvest
mvestments and these differences were
more pronounced in Pd-Ag alloy
goup. The possible explanation of that
could be due to the use of water rather
ghan special liquid in  Iragivest
=westment that might have provided
sseufficient expansion and high degree
of surface roughness. This finding is
comsistent with the studies of Hutton
&Marchal ' who found that mixing
the phosphate-bonded  investments
with their special liquids, rather than
distilled water. resulted in elevated
setting and thermal expansion, and also
agreed with Arfaci & Asgar ' who
reporied an  increase in  surface
soughness when the silica solution was
diluted or completely replaced with
water. The solutions consisting of very
fine silica particles in colloidal
suspension, probably help to fill the
woids hetween the much greater silica
particles of the investment powder.

On the other hand and m
contrast to the Iragivest the other two
mvestments, that their special liquids
(sifica solution) were provided by the
manufacturers, exhibited no significant
&fferences between their results in
toth groups. This finding aprees with
Lombardas et al ' who found that

there were no significant ditferences of
vertical marginal discrepancy of FFM
copings  produced  with  the
conventional casting technique and
invested with two different phosphate-
bonded investments mixed with their
special liguids according to  their
manufacturers’ recommendations.

The other possible cause for the
differences in the marginal fit among
different investments was their effect
on the castability of the alloy. In
general, it has been reporied that the
incomplete  castability results in
incomplete cast crown margins and
increase in marginal discrepancy L

The castability of dental casting
alloys can be affected by many
variables, one of them being the
investment material, and this was
supflune:l by the findings of Barreto et
al "& Cohen et al "' who showed
that the castability varies a great deal,
qualitatively  and  quantitatively,
according to the type of investment
used. Their results indicated that the
alloy-investment  combination  is
sipnificant and could explain  the
controversial reports on castability of
tested alloys. Authors attributed the
differences in alloy castability to the
variation in investment formulations.
Investments may differ in terms of
composition, particle  size, heat
transmission, wetability and so forth.

The differences in castability
can reflect the compatibility of
different investments with tested alloys
that appearcd in this study as variation
in the marginal gap among different
subgroups.

Under the conditions of the
present siudy, the resulls achieved
from Castorit-Super C and Norvest
investments were comparable  with
both Pd-Ag and Ni-Cr alloys. The
Tragivest appeared less compatible with
Pd-Ag alloy than the other two
investments as their combination gave
the preatest mean of marginal
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discrepancy but it had comparable
compatibility o Norvest  when
combined with Ni-Cr alloy as the
results  showed no  significant
differences  between  them. Such
finding can be attributed to  the
presence of Ni and Cr oxides whithin
the composition of the [raqivest
investment which may contaminate the
Pd-Ag alloy and result in impaired
castability and the resulted castings
had more surface bubbles than other
subgroups. On the other hand. these
oxides could have enhanced the
casiability of Ni-Cr alloy as they are
transported by the action of the
liquifier material within the investment
o the alloy-investment interface at
high temperatures.

Effect of Alloy
In comparing group | with
group II, there were statistically

significant differences between the Pd-
Ag and Ni-Cr alloys using  both
Castorit-Super € and  Norrvest
investments being that Pd-Ap alloy
produced significantly better marginal
fit copings than Ni-Cr alloy. However,
the differences between them using

Iragivest  investments  were  not
significant{ Table 2).
Those differences can  be

attributed to alloy fusion temperature
and alloy composition, These findings
agreed with Duncan " who

that the shrinksge of the alloys afier
casting could be related to the fusing
lemperature  being that high fusion
lemperature would  cause  greater
discrepancics of fit and the conclusion
was thal the expansion of the
investment  is  not  adequale  to
compensate for casting shrinkage of
the alloy to obtain good ft,

It has been shown that
differences in alloy compositions could
result in different shrinkage rates and
that palladium was effective in

n:l:iun:in% the casting shrinkage of noble
alloys **

The difficulty to produce sharp
margins with base metal casting can be
considered as another cause related to,
as they tend to produce round margins,
Such finding was consistent with the
studics of Wight et al " & Byme et al
) In the present study, the noble
metal alloy (Pd-Ag) appeared to have a
lower melting temperature, less casting
shrinkage and better marginal fitness
than base metal (Ni-Cr) alloy. This
agreed  with Nitkin & Asgar 2
Duncan ' who found that the
precions  alloy produce the least
discrepancy of marginal fit and Ni-Cr
alloy produced inferior marginal fit
compared 1o precious or semiprecious
alloys.The results also agreed with
Byme et al ' Tjan et al ** who found
that the marginal accuracy of noble
metal (high Palladium) alloy was
higher than that of base metal alloy,

On the other hand, it disagreed
with Strating et al " who found that
non=precious (Ni-Cr) allovs can be cast
48 accurate as semiprecious or precious
ceramoalloys. The means of marginal
gaps in this research were less than 50
pm for  all alloy-investment
combinations. A similar amount of
discmpanr:?- was achieved in other
studies 0 whe reported that a
mean marginal gap less than 50 um is
considered clinically acceptable,

It has been also reported that
additional  marginal  discrepancies
during poreelain firing cyeles could he
minimized by using Pd-Ag noble metal
alloy to construct PFM crowns on
heavy chamfer or shoulder finishing
line preparations to resist the thermal
distortion ™.

Conclusions:

Under the conditions of this study,
the following conclusions were drawn:
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I. The tested investment materials
had sipgnificant effects on the
vertical marginal discrepancy of
metal copings constructed from P'd-

Ag and Ni-Cr alloys.
2. All alloy-investment combinations
produced  clinically acceptable

marginal fit (less than 50 pm), with
the lowest mean of marginal gap
resulted from the Pd-Ag / Castorit-
Super C combination, while the
highest mean resulted from Pd-Ap /
Tragivest combination,

3. The Castorit-Super C and Norvest
investments produced comparable
results with Pd-Ag and MNi-Cr
alloys. On the other hand, Iragivest
investment was less compatible
with Pd-Ag alloy than either
Castorit-Super C and Norvest
investments but it had comparable
compatibility o MNorvest
investment when used with Ni-Cr
alloy.

£ Pd-Ag alloy revealed significantly
better marginal fit than the Ni-Cr

alloy specially when using
Castorit-Super C and Norvest
investments.

References:

|. Harizell DH, Certosimo AJ. Besin bonded
fxed partial dentures. Chinical Lipdate 1999;
IHIE 1-3.

2 Gemalmaz D, Berksun 5, Kasapoghu C,
Aloemrn HN:  Distortaon of  metal-ceramic
fiued partisl dentures resulting from  metal
conditioning firing, Quint Int 19%6; 27(3)
1%3-101.

3 Gelbard S, Aoskar Y, Zalkind M., Stern M:
Effect of impression technigues on  the
sl fit of metal castings. J Prosthet Dent
1958 Tl 16,

£ Ulshiwata O, de Momaes | W, Bottino M A,
Siwn EG: Marginal fit of nickel-chromium
copangs before and after intemnal adjustments
wiilh Ssplicated sione dies and disclosing
st § Prosthet Dent 2000; 8306 ), fAid=nd3,

£ Lessberdss P Carbunant A, Mcalame ME,
Toosmer B W: Dimensional accurscy of
cmmgs produced with ringless and metal ring

investment systems, J Prosthet Dent 206
841 2731,

&, Leinfelder KF: Porcelain esthetics for the
21" century. J Am Dent Assoc 2000;131(6):
4T3-513.

7. Gemalmaz D, Alkemro HM: Moreinal fit
changes during porcelain finng cyches.
Prosthet Dent 1993; 73017 49-54,

8. Zakaria ME, Jassim HH: Evaluation of the
effects of porcelnin finng cycles on the
marginal fit changes of porcelain- fused- to-
metal  crowns  constructed  wlilizing two
different marginal designs and alloys. Al
Rafidaim Desit J 2003; 3{1) 13-20.

9. Thiab 8%, Zakaria MRE: The evaluation of
vertical marginal  discrepancy  induced by
wsing % cast and as received hase metzl alloys
with different  mixing  taties - for  the
constraction  of  porgelain  fused to  metal
copings. Al- Rafidain Dent 3 2004:4(1% 1019,
I0. Custer F, DeSalwo J C: The accuracy of
castings produced by various investments. J
Prosthet Dent 1968; 19(37; 273-280,

11, Jenkins CBG, Phillips B%W: An evaluation
of five inlay invesfing techniques employed
with different types of wax patterns, J Prosthet
Dent 19715 25(2): 211220,

12. Mutten JE, Marshall GW: Expansion of
phosphate-bonded nwestments: Part | - setling
expansiomn, | Prosther Dent 1993; 70: 121-125.
13, Arfaci AH, Asgar K: Inflluence of
ronghness on fit of dental castings. J Dend Res
[ 976 S5 ppa.

14, Hirano 5, Tesk JA, Hinman RW, Argentar
H, Greorgy TM: Casting of dental alloys: mold
pnd alloy temperature effocts, Dent Mater
I98T7; 3:307-314.

15, Yong HM, Coffey JP, Caswell CW: Sprue
design and its effect on the castability of
ceramometal alloy. J Prosthet Dent 1987, 57
(2): 160-164,

16. YWeretl RG, Duke ES: The effect of super
ptmchment design on castability and porosity.
J Prosthet Dent 198%; 6104):415-424,

17. Bammeto MT, Coidberg A 1 Nitkin G,
Mumford G: Effect of investment on casting
high-fusing alloys, ] Prosthet Dent 1980; 44
{5} 303-307.

18, Cohen 5M, Karker A, Vaidvanathan TE,
Viswanadhan T: Castsbility optimization of
palladium based alloys. J Prosthet Dent 1996
TE(13:125-131.

19. Duncan | Dz The casling accuracy of
nickle-chromium alloys for fixed prostheses.
Prosthet Dent 1982; 471 ) 63-08,

0. Amesavice K Phillips science of dental
materials, 10" ed W.B. Saunders Co 1906
238-245,

21, Wight TA, Grisius RJ, Gaugler RW:
Evaluation of three variables affecting the

192



Mustansiria [

Evaluation of the effecis of an Iragi phosphate,,,

Val .2 No2 2005

casting of base metal alloys, J Prosthet Dent
1980; 43(4): 415-41 %,

21, Byrme G, Goodacare CJ, Dvkema RW,
Moore BE: Casting accuricy of high
palladium alloy. J Prosthet Dient 1986; 55(3):
207-301.

23, Nitkin DA, Asgar K- Bvaluation of
alierative alloys 1o tvpe 11 gold for use in
fixed prosthdontics, J Am Dent Assoc 1976
3 (%) 622-629,

24. Tian AHL, Li T, Longan Gl, Baum L:
Marginal sccurscy of complete crowns made
from alternative casting alloy. J Prosthet Dent
1991; 66(2):157-164.

23, Strating H, Pameljer CH, Gildenhuys RR:
Evaluation of the marginal mtegrity  of

ceramometal restorations, Part [, J Prostlher
Dent 1981; 464 11-39-65.

26. Teterck WR, Mumford G: The fit of
certain dental casting alloys using different
imvesting materials and techniques. J Prosthet
Dent 1964; 16(5) ¥ 10-927.

27. Echilling ER, Miller BH, Woody RD,
Miller AW, Nunn ME: Marginal gap of
crowns mode with o phosphate-bonded
investment and accelerated casting method, J
Prosth Dent 1999; 810X 129134,

28, Onuc 8, Tulunogly ¥: Fit of titanium and
base metal alloy ceramic crowns. J Prosthetic
Dreng 20000 83 (3): 314-318.

193



