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Influence of recasting on the quality of dental alloys:
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ABSTRACT
Statement of problem. Dental alloy manufacturers advise against the reuse of previously melted
alloy. However, for economic reasons, dental laboratories often reuse the casting surplus (sprue and
metal remaining in the crucible former). Such reuse remains a controversial topic in dental practice.

Purpose. The purpose of this systematic review was to assess the effects of remelting dental alloys
by evaluating the following parameters: reasons for recasting and associated processes, feasible
number of recastings, treatment of alloys before recasting and its effects on cytotoxicity, color of
opaque porcelain, castability of alloys, marginal accuracy, mechanical properties, porcelain-metal
interfaces, and corrosion.

Material and methods. The systematic review included all studies on dental alloy recasting.
MEDLINE, Dentistry and Oral Science Source, Science Direct, and ISI Web of Science were searched
(up to July 2014). Data were extracted and the quality of studies was assessed.

Results. Thirty-four studies published between 1983 and 2014 were included. The number of re-
castings ranged from 1 to 10. The percentage of new alloy ranged from 0 to 100 wt%, although the
mean value was 50 wt%.

Conclusions. Evidence for the feasibility of adding 50% new metal at each recasting is limited. The
number of recastings should be limited to a maximum of 4. No general test protocol can be
deduced from these studies, which limits the comparison and exploitation of data. Furthermore, no
consensus protocol exists for the evaluation of recasting. Future studies should work toward
establishing a standard protocol. (J Prosthet Dent 2015;114:205-211)
Dental alloy manufacturers
advise against the reuse of
previously melted alloy. How-
ever, dental laboratories often
reuse the casting surplus
(sprue and metal remaining in
the crucible former).1 The
reuse of melted alloys in dental
laboratories remains a contro-
versial topic in dental practice.
Recasting noble alloys for
metal ceramic restorations
does not seem to cause a dra-
matic change in composition
and mechanical properties,
although it has been found to
affect the elemental composi-
tion, hardness, and corrosion
behavior of palladium alloys
and the yield strength and
percentage elongation of gold

alloys.2-12 Various studies have reported the effects of
recasting noble and predominantly base alloys on prop-
erties such as corrosion, cytotoxicity resistance, and the
elements released.5,13-20 The impurities from previously
melted buttons and sprues may result in changes in the
properties of reused dental alloy.8 However, some studies
have found no changes in mechanical properties.21-22

There are 34 published reports on the feasibility of
recasting dental alloys, and although these studies vary
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widely in methodology and design, they propose 2 pre-
dominant guidelines. The first is that no new metal
should be added at successive recastings of predomi-
nantly base alloys, and the second is that 50% new metal
can be added to previously melted alloys, which was
proposed by Anusavice.23 The basis of these guidelines is
that some essential secondary elements present in small
quantities in the original alloy may be lost through
evaporation or oxidation.3,7,10,19,24-26
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Clinical Implications
Dental alloy recasting is practiced worldwide,
mainly for economic reasons and environmental
protection. This study revealed that recasting up to
4 times seems acceptable only if at least 50% new
alloy is added during each recasting procedure.
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This systematic review aimed to assess the effects
of dental alloy recasting by evaluating the following
parameters: reasons for recasting and associated
processes,8-12,14,15,18,20-23,27-29 feasible number of re-
castings,4,30,31 treatment of alloys before recasting1,17,32

and its effects on cytotoxicity,4,33-36 color of opaque
porcelain,32,37,38 castability of alloys,24,39-41 marginal
accuracy,42-46 mechanical properties,15,22,42,47-49 metal-
ceramic interfaces,26,50 and corrosion.51-58

MATERIAL AND METHODS

All types of studies on the recasting of dental alloys that
were published in English before August 2014 were
included. The search terms included a combination of the
following keywords: high noble alloys; noble alloys;
predominantly base alloys; recasting; remelting; recast;
remelted; and reused (Table 1). Studies that failed to
meet the inclusion criteria, studies included in non-peer-
reviewed literature, studies in languages other than
English, and studies with inaccessible full text were
excluded. The inclusion and exclusion criteria are sum-
marized in Table 2. Titles, abstracts, introduction, con-
clusions, and tables were read to identify articles that met
the inclusion criteria. When a study met the inclusion
criteria, the full text was read and data extracted. All the
reference lists of the included studies were manually
checked to identify any additional studies.

For the identification of studies, detailed search stra-
tegies were developed for each database without re-
strictions on the date of publication (until July 2014).
These were based on the search strategy developed for
MEDLINE and were revised appropriately for individual
databases: Dentistry and Oral Science Source, Science
Direct, and Web of Science. Twenty-seven scientific
journals were screened. The use of a study design filter
was avoided because the yield from the subject search
was quite small. Search strategies used the previously
specified keywords and, when available, controlled vo-
cabulary from databases such as MeSH (Medical Subject
Headings). These headings and terms were strengthened
by relevant terms identified while reading the articles.
The search strategy is detailed in Figure 1.

After identifying titles and abstracts from the elec-
tronic searches, they were downloaded to a reference
management database (Zotero, an Open-Source Project
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under the GNU/GPL license, initially developed by the
Center for History and New Media at George Mason
University) and duplicates were eliminated. The
remaining references were examined and data from the
included studies extracted. The elimination process was
repeated for eventual duplication. The study focused on
different criteria to classify the following data: type of
alloy, number of recastings, percentage of new alloy
added at each recasting, and study conclusions.

RESULTS

Of the 778 retrieved articles, 34 met the inclusion criteria.
The reviewed articles are presented in Supplemental
Table 1, which shows the alloy composition, number of
recastings, percentage of new alloy added at each
recasting, and study conclusions. All included studies
were published between 1983 and 2014; 70% of studies
were published after 2004 and 45% of studies were
published after 2010. The recasting of dental alloys is a
fundamental topic of research, but a notable evolution in
the nature of alloys has taken place. In the 1990s, authors
focused more on noble alloys, whereas more recently,
authors have focused on predominantly base alloys. The
number of recastings ranged from 1 to 10. The percent-
age of new alloy added at each recasting ranged from 0 to
100 wt%; the mean value was 50 wt%.

DISCUSSION

Dentists and technicians should always be conscious of
the cost of the materials used in fixed prostheses, and this
leads to increased recasting. The first reason is economic:
to decrease the overall cost, the recasting of previously
melted buttons or sprues made of high noble and noble
metal alloys is commonplace in dental labora-
tories.8,10,15,18,23 The second is to prevent wastage of
natural resources: since the 1980s, the amount of noble
and high noble metal alloys used in the field of dentistry
has significantly decreased because of increases in their
price.11 As a result, base metal alloys have become
increasingly popular.8 The third is environmental pro-
tection: recycling provides environmental benefits in
terms of energy conservation, decreased waste volume,
and decreased emissions associated with energy
conservation.9,13

The recasting procedure can be performed in a single
step by mixing the sprue and casting surplus. It can also
be conducted in multiple steps, where the recast and as-
received alloys are mixed in different proportions.9 The
addition of 50% new alloy to previously melted buttons
or sprues is recommended for recasting noble metal
ceramic restorations.10,14,15,18,20,22 The basis for this
empirical guideline is that certain important secondary
elements such as Cu or Zn, which are present in small
quantities (�1wt%) in the original alloy, may be lost
Vaillant-Corroy et al



Table 2. Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

English language Grey literature

Corresponding to keywords Language other than English

No study design filter Full text not accessible

Not corresponding to keywords

Table 1. Search methodology

Electronic Search Keywords

MEDLINE Dentistry and Oral Science Source Science Direct Web of Science

High noble alloys;
Or noble alloys;
Or predominantly base alloy

High noble alloys;
Or noble alloys;
Or predominantly base alloy

High noble alloys;
Or noble alloys;
Or predominantly base alloy

High noble alloys;
Or noble alloys;
Or predominantly base alloy

AND AND AND AND

Recasting;
Or remelting;
Or recast;
Or remelted;
Or reused

Recasting;
Or remelting;
Or recast;
Or remelted;
Or reused

Recasting;
Or remelting;
Or recast;
Or remelted;
Or reused

Recasting;
Or remelting;
Or recast;
Or remelted;
Or reused
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through evaporation or oxidation during melting.12,16 In
addition, the proportional decrease in these elements can
decrease the adherence of porcelain.27-29

Published reports on the recasting of dental alloys
vary widely, with opinions ranging from the complete
avoidance of recasting to recasting up to 10 times without
any changes in the alloy’s quality. Reisbick and Brantley7

reported no significant decreases in tensile strength
when the alloy was recast 3 times, indicating that up to 3
recastings of previously melted metal are permissible.
Other studies reported, that, on the basis of evaluation of
various physical properties, at least 4 generations of al-
loys can be used.8,14,18,30,31 After considering the me-
chanical parameters and the release of ions such as Zn
and tin, Peraire et al18 showed that 7 generations could
be used with no addition of new alloy.

Recycling a sprue made of cast alloy is a common
procedure in dental laboratories, and the change in
composition caused by multiple castings is a topic of
interest.16 Harcourt43 stated that excessive remelting of
alloys leads to some changes in their composition and
physical properties. This, in turn, decreases the fluidity
of the alloy. Harcourt suggested that the alloy to be
reused should be mixed with new alloy in a 1:1 pro-
portion. Elements such as Ni, Co, Cu, Zn, Cr, Sn, and
Fe are lost during the casting procedure because of
evaporation and oxidation, and the release of Ni, Cr,
Co, and Fe ions increases with the amount of surplus
alloy added.10,16,21 Moreover, the amount of Ni
released in both acidic and alkaline media increases
when the amount of Cr in an alloy drops below 14 wt%
to 20% wt.44,47 Zn acts as an oxygen scavenger during
melting to minimize the oxidation of other elements
in the alloy.7,19,20,25,42 Furthermore, increased grain
dimensions, impurities, and microporosities after
recasting result in microstructural changes that affect
the mechanical properties of alloys.7 If the alloy is
immersed for a certain time, the release of ions such as
Cu, Fe, and Ni increases with the length of the im-
mersion period.15,36 Noble and Ni-based alloys
demonstrated great stability in terms of chemical
composition, microstructure, microhardness, and ion
release. Yilmaz et al32 studied the effects of recasting
Vaillant-Corroy et al
on the color of opaque porcelain and found no adverse
effects in new alloys or 100% recast alloys.

After casting, the surface of alloys is normally
contaminated with investment materials, metal oxides
(such as Al), and interface reaction layers. Bauer et al16

reported that the introduction of impurities in the
recasting process may lead to changes in the mechanical
properties of Ti after recasting. The surface of the casting
is also contaminated with Al during airborne-particle
abrasion with Al2O3, and, as a result, the reused alloys
may be mixed with elemental Al. A study by Lopes et al29

shows that contamination can be effectively eliminated
from previously cast alloys with appropriate mechanical
and chemical treatment procedures before recasting.
Various surface treatment protocols have been proposed
for previously melted alloys.17 Before recasting
commercially pure (CP) Ti alloys, many authors recom-
mend that noble metal alloy specimens be airborne-
particle abraded from a 2-mm distance for 1 minute
with 110-mm Al2O3 at 300 kPa pressure.2,16,22 For base
metal alloys, abrasion from the same distance with 250-
mm Al2O3 at 600 kPa pressure, polishing with abrasive
rubber wheels and cooling with distilled water provides a
strong luster and good clinical quality.14,15 Bauer et al16

airborne-particle abraded previously cast alloys with
alumina particles and immersed them in a chemical so-
lution comprising a mixture of H2SO4, HF, and HNO3.
Before recasting palladium-silver porcelain alloys, Hong
et al22 airborne-particle abraded previously melted alloys
with 50-mm Al2O3, followed by ultrasonic cleaning with
distilled water and visual inspection to ensure that any
residual investment materials were eliminated. Lin et al27

proposed the following surface treatment procedures
before recasting: Al2O3 airborne-particle abrasion and
immersion in aqua regia for 15 minutes for Co-Cr
THE JOURNAL OF PROSTHETIC DENTISTRY



Electronic database search:
778 records

Records after removal of
duplicates:
394 articles

No articles added by
manual search

Records screened on the
basis of the title and

abstract, introduction,
conclusion, and tables: 58

Full-text articles assessed
within the

inclusion/exclusion
criteria: 34

34 articles included

Figure 1. Search strategy and results.
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ceramic alloys, Al2O3 airborne-particle abrasion and im-
mersion in 65% HNO3 and 40% HF for 60 minutes for
CP Ti-ceramic alloys, airborne-particle abrasion with
glass beads and immersion in 40% HF solution for 30
minutes for Pd-Au-Ga-ceramic alloys, and airborne-
particle abrasion with only glass beads for Au-Pt
ceramic alloys.

Base metal alloys are susceptible to various types of
corrosion depending on their composition and the oral
environment.23 However, dental casting alloys should be
biologically inert, and the release of metallic elements
from dental casting alloys is a potential health hazard for
dental patients.59 An important consequence of element
release is the cytotoxicity of adjacent tissues in cell cul-
tures.48,49 The cytotoxicity of cast alloys depends on their
composition and element release, which may be affected
by recasting.51 Co-Cr alloys are more negatively affected
by recasting than Ni-Cr alloys.15 The Cu content of an
alloy remarkably increases its cytotoxicity.8,23 In the
clinical setting, recasting base metal alloys may increase
their potential cytotoxic effects. Therefore, the use of this
procedure in dental practice may adversely affect the soft
tissues adjacent to a restoration. For these reasons, 2
studies have suggested that base metals alloys should not
be recast.29,59 A study by Reddy et al8 analyzed the living
cells and percentage of cell viability and reported that
cytotoxicity increased. The addition of recast alloy
increased the cytotoxic effects of Co-Cr, Ni-Cr, and Au-
Pt alloys. Extract solutions from the recast alloy group
were more cytotoxic than control cultures. The high Cr
THE JOURNAL OF PROSTHETIC DENTISTRY
content seems to protect against corrosion. Although
50% surplus metal addition seems to be acceptable, ac-
cording to the author, clinicians should remain cautious,
particularly when treating patients with known sensi-
tivity to Ni and Pt.14 These results can be considered
conclusive because the methodology was the same for all
3 reviewed articles, which involved mouse fibroblast cell
suspension and analysis of cell viability.

Color is an important determinant of the esthetic
appearance of metal ceramic restorations.52,53 A study
compared the color of opaque porcelain applied on recast
alloys with different proportions (50% and 100%).32 The
different proportions of recast alloys had similar effects
on the color of opaque porcelain. A unique study by
Yilmaz et al32 used a spectroradiometer to study the in-
fluence of recasting on the color of opaque porcelain; the
lack of control group was a limitation.

Castability plays an important role in selecting an
alloy for cast dental restorations. Base metal alloys are
difficult to cast. The castability value (obtained by the
Whitlock formula54) of Ni-Cr and Co-Cr alloys is not
affected by recasting.55 It seems unnecessary to add new
alloys in any proportion to alloys cast once to maintain
the castability value of the alloy. In a study by Palaskar
et al,24 only the second generation of the recast alloy was
studied, which is a limitation of the study.

Marginal fit is an important aspect of fixed restora-
tions because a large marginal opening leads to more
plaque accumulation and bone loss, resulting in micro-
leakage, recurrent caries, and periodontal disease.22,45,59

Ayad10 evaluated the effects of 3 different casting pro-
tocols on the marginal accuracy of a high noble alloy.
Statistically but not clinically significant differences were
found in marginal accuracy, with a marginal discrepancy
of less than 25 mm for all casting conditions. A recent
study evaluated the cervical fit and internal fit of com-
plete metal crowns that were cast and recast with Pa-Ag
alloy for 3 different marginal configurations.29 The au-
thors concluded that as-received alloys produced signif-
icantly better marginal and internal adaptation than
recast alloys, concluding that the recasting procedure
should not be used. Three studies in which the authors
measured the marginal gap with a stereomicroscope
were reviewed, although the conclusions were not the
same. Ayad10 and Lopes et al29 concluded that recasting
could be performed without restrictions, whereas
Bajoghli et al21 affirmed the opposite, although the latter
study was limited by the small sample size (5 specimens).

The results concerning the effect of alloy recasting on
mechanical properties are summarized in Supplemental
Table 2 (available online). Some authors compared
different parameters after repeated recasting without the
addition of new alloys and showed no significant differ-
ence among the 4 recast generations.20 Bauer et al16

evaluated the effects of the Ti condition (as-received and
Vaillant-Corroy et al
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recast) on the mechanical properties of UTS, PL, PE,
microhardness, microstructure, and fractography mode.
They concluded that, despite the likely increase in
contamination rates when CP Ti was 100% recast, no
detrimental changes were noted in the mechanical prop-
erties of CP Ti. A study1 analyzed the impact of the
amount of recycled material on the mechanical properties
and structure of Co-Cr-Mo alloys, and the mechanical
strength of all remelted alloys was found to be worse than
that of the fine alloys. An increase in the heterogeneity of
alloys with more recycled material was noticeable.
Moreover, precipitates of various types of carbides and the
presence of intermetallic phases were noted to have a
determining effect on the mechanical properties of
received castings.1 All 7 articles reported mechanical
modifications but found no negative influence of
recasting. All used an adequate sample size (between 12
and 101 specimens) and mostly tested the same param-
eters by using the same methodology corresponding to
the norms. Therefore, no methodology-related problems
could be confirmed among these studies and their results.

Metal ceramic restorations have been commonly used
in dental applications to combine the esthetics of por-
celain with the durability of the metal. According to the
report by McLean,37 the properties of the oxide layer of
dental base metal surfaces can influence the bonding
strength between metal and porcelain, which is better
with high noble and noble alloys than with predomi-
nantly base alloys. Ayad,10 Rasmussen and Doukoudakis,25

and Imirzalioglu et al14 stated that the loss of trace
base metals such as Zn, In, Sn, and Fe during the
recasting of noble alloys for porcelain may be unfavorable
in terms of their castability and oxide layer formation
during the initial oxidation step, which can adversely
affect porcelain bonding.23 Tuccillo et al42 reported pro-
gressive and severe ion loss over the course of 5 torch
meltings for a high gold porcelain alloy and recom-
mended the addition of new metal during remelting.
Fractography was used to investigate the adhesion of
dental porcelain to a recast an Au-Pd alloy.25 The pre-
dominant mode of failure was cohesive, and adhesive
failure could not be linked to the percentage of recast
metal. The authors suggest that the 50% guideline
should be followed and that recast metals be thoroughly
cleaned. Hong et al22 found that the thickness of the
oxide layer and the AgO2 concentration increased after
each remelting of a Pd-Ag alloy up to 4 times, with or
without the addition of 50% new alloy. Jochen et al12

bonded porcelain to strips of a Pd-Ag alloy containing
different percentages of new metal and found that once-
cast alloys with the addition of less than 50% new alloys
produced a significantly lower metal-ceramic bond
strength. Papazoglou et al41 compared high Pd alloys and
an Au-Pd alloy after recasting 3 times by evaluating
porcelain adherence and bond failure force. No
Vaillant-Corroy et al
correlation was found between porcelain adherence and
bond failure force. According to Liu et al,28 the recasting
of 3 types of noble alloys did not adversely affect the
porcelain bond strength, although increased porosities
resulting from recasting may have affected other prop-
erties. Ucar et al26 evaluated the effects of multiple re-
castings on the bond load of 2 different alloys and
compared the bond shear values and results of the 3-
point bending test. They concluded that the bond load
decreased with the increase in the number of recastings.
They also recommended that previously cast dental al-
loys should not be used.

Recasting had negative effects on the thickness at the
metal-ceramic interface of Ni-Cr and Co-Cr alloys.60 An
almost linear decrease in the elastic modulus was found
after up to 12 recastings. Therefore, the authors did not
recommend recasting these alloys. They suggested that
instead of recycling, the alloy residues should be returned
to the manufacturers.50 Although no study reported the
ideal metal-ceramic bond strength, the majority used the
3-point bending test, indicating an absence of
methodology-related issues.

The corrosion of dental alloys in the oral environment
not only results in the deterioration of the restoration but
also involves the release of ions that is directly related to
the biocompatibility of the alloys.36,56 Numerous in vitro
studies have documented that each metallic dental
restoration releases cations because of corrosion. These
ions may be distributed in the oral cavity and in the
body.36,61,62 Moreover, metals released form high noble
alloys were postulated to be responsible for the discol-
oration and hyperplasia of the adjacent gingiva.61 The
corrosion behavior of alloys depends on their composi-
tion, their electrode potentials, mechanical function,
surface roughness, and the local and systemic host
environment.58,61 Ayad and Ayad3 characterized the
elemental composition of as-received and recast type III
gold alloys and examined their in vitro corrosion behavior
in 2 media by using the potentiodynamic polarization
technique. They concluded that type III gold alloy in any
casting protocol retained passivity under electrochemical
conditions similar to the oral environment. In another
study, the results for the alloy tested showed generally
passive behavior, with no breakdown in the relevant
range of potentials and low current density in the passive
state.9 Horasawa and Marek2 found that melting a Ag-Pd
alloy up to 4 times had minimal effects on its corrosion
susceptibility in artificial saliva and attributed the severe
degradation after the fifth melting to decreased Au
content on the alloy surface.

Ameer et al11 studied the corrosion behavior of
nonprecious alloys in artificial saliva. The order of
corrosion rate in artificial saliva was Co-Cr<Ni-Cr.
Generally, the results suggested that the base metal
alloys tested had a high corrosion resistance and that
THE JOURNAL OF PROSTHETIC DENTISTRY
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Co-Cr-Mo alloys had a higher corrosion resistance than
the Ni-Cr-Mo in artificial saliva. However, Ozdemir and
Arikan5 found that the number of recastings had negli-
gible effects on the surface texture and the amount of
corrosion products released. A unique methodology-
related problem could be that all 3 articles used only
casting alloys; therefore, further studies are required to
confirm or deny the conclusions drawn by these studies.

CONCLUSIONS

On the basis of the analysis of results obtained by various
authors and within the limitations of this systematic re-
view, the following conclusions can be drawn:

1. Evidence supporting the addition of 50% new metal
at each recasting is limited.

2. The number of recastings should be limited to a
maximum of 4 times.

3. No general test protocol can be deduced from the
studies; this limits the comparison and exploitation
of data.

4. No consensus protocol has been established to
evaluate recasting. Future studies should work to-
ward the establishment of a standard protocol.
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Supplemental Table 1. Characteristics of included studies

Author
Alloy Composition
(when >1 wt%)

Number of
Recastings

Percentage of New
Alloy by Weight

Recommendation
for Remelting

Al-Hiyasat and Darmani15 Ni(61), Cr(26), Mo(11), Si(1.5)
Ni(65), Cr(22.5), Mo(9.5), No(1), Si(1)
Co(65), Cr(26), Mo(6), Si(1)
Ni(72.8), Cr(4.9), Cu(12.3)
Cu(87.5), Al(8.5)

1 0 to 50 +

Ameer et al11 Ni(65.0), Cr(22.5), Mo(9.5), Si(1.0)
Ni(63.5), Cr(23.0), Fe(9.0), Mo(3.0), Si(1.0)
Co(64), Cr(28.5), Mo(5.0), Si(1.0), Mn(1.0)

3 NR +

Anusavice23 No precision 4 50 +

Ayad et al3,9,10 Au(74), Pd(4), Ag(11), Co(9.5), Zn(1.5) 1 1 1 50 50 50 + + +

Bajoghli et al21 Ni(65), Cr(35) 1 50 -

Bauer et al16 Ti(z100) 6 No addition +

Gupta et al13 Co(62e65), Cr(27e29), Mo(5e6) 4 25 or 50 + when 50%
addition of new
alloy

Hesby et al20 Predominantly base alloy
(no composition precision)

4 NR +

Hong et al22 PdAg (no composition precision) 4 50 Remains
questionable

Horasawa and Marek2 Ag(52), Pd(20.1), Au(12.1), Cu(14.0), Zn(1.4) 4 No addition +

Imirzalioglu et al14 Ni(59.3), Cr(24.0), Mo(10.0)
Co(63.5), Cr(27.8), Mo(6.5)
Au(86), Pt(10.4), Rh(1.6), In(1.5)

1 0 to 75 +

Jochen et al12 Pd(53.5), Ag(37.5), Sn(8.5) 1 0 to 75 + when 50%
addition of new
alloy

Khamis and Seddik6 Ni(63.5), Cr(23.0), Fe(9.0), Mo(3.0), Si(1.0)
Co(64), Cr(28.5), Mo(5.0), Si(1.0), Mn(1.0)

4 NR +

Lin et al27 Co(60.2), Cr(25), W(6.2), M(4.8), Ga(.9)
Ti(>99.5)
Pd(78.0), Cu(10.8), Ga(7.5), Au(1.6), In(1.3)
Au(89.5), Pt(5.8), Pd(1.6), Ag(1.2)

1 NR +

Liu et al28 Au(88.9), Pt(9.0)
Au(52.2), Pd(26.0), Ag(17.1), Sn(2.7)
Pd(53.8), Ag(34.9), Zn(1.2), Sn(7.7), In(1.7)

Up to 3 NR Not +

Lopes et al29 Pd(57.8), Ag(30), Sn(6), I(4), Zn(2) 5 No addition +

Madani et al30 Ni(75), Cr(14), Mo(5), Be(1.6)
Ni(77.9), Cr(12), Mo(5), Be(1.9)

1 0 to 100 + when 50%
addition of new
alloy

Nelson et al31 NiCr (no composition precision) 10 50 + but not cost
effective

Ozdemir and Arikan5 Ni(65.0), Cr(22.5), Mo(9.5), Si(1.0),
Ni(63.5), Cr(23.0), Fe(9.0), Mo(3.0), Si(1.0)

? NR +

Oyar et al4 Ni(61), Cr(26), Mo(11), Si(1.5) 1 50 + but elements
released may have
local adverse
effects on the
periodontium

Palaskar et al61 Ni(65), Cr(27), Mo(5), Si(1.5) 2 0 to 100 +

Peraire et al18 High noble alloy
Noble alloy
Nickel-based alloy
Grade III CTi
(no composition precision)

7 No addition +

Presswood19 NiCrBe (no composition precision) 6 No addition +

Rasmussen and Doukoudakis25 Au(51.5), Pd(38.5), I(8.5), Ga(1.5) 4 50 +

Reddy et al8 Ni(65), Cr(22.5), Mo(9.5)
Ni(62), Cr(26), Mo(10)
Ni(60), Cr(10), Cu(15), Mn(7.9)

1 50 to 100 + but definite
cytotoxic effect

Reisbick and Brantley7 Au(46), Ag(39.5), Pd(6) 3 No addition −

(continued on next page)
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Supplemental Table 1. Characteristics of included studies (continued)

Author
Alloy Composition
(when >1 wt%)

Number of
Recastings

Percentage of New
Alloy by Weight

Recommendation
for Remelting

Ucar et al26 Ni(61), Cr(26), Mo(11), Si(1.5) 3 50 −

Yavuz17 Ni(62), Cr(25), Mo(10.32), Si(1.4)
Ni(65.2), Cr(22.5), Mo(9.5)
Ni(62), Cr(25), Mo(9.5)
Ni(65), Cr(22.5), Mo(9.5)
Ni(61.2), Cr(25.8), Mo(11), Si(1.5)
Ni(64), Cr (24.5), Mo(10), Si(1.2)

1 50 −

Yilmaz et al32 Co(61.5), Cr(27.5), W(8.6), Si(1.3)
Ni(59.3), Cr(24), Mo(10)
Au(2), Pd(78.5), Cu(6.9), In(4.5), Ga(5.5), Sn(2)
Pd(53.5), Ag(37.5)
Au(54.2), Pd(31), Ag(4.8), In(9)
Au(85.9), Pt(11.7), Zn(1.5)

1 50 to 100 +

Walczak et al1 Co(63), Cr(30), Mo(5), Si(1.1) 1 0 to 100 + when addition of
new alloy not
exceeded 50 wt%

NR, not reported; +, alloy can be remelted; −, alloy cannot be remelted.
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Supplemental Table 2.Mechanical testing

Study Properties Measurement Modes Results

Nelson et al31 Tensile strength Tensile tests: head speed, 0.1 cm/min and 500 kg
load cell
Graph, 5 cm/min

UTS Calculated by dividing maximum recorded load
with diameter of the tensile bar

YS Offsets of 0.002% and 0.2% used as arbitrary values Generations 5, 8, and 9 contained test bars with YS lower than
ADA minimum of 4200 kg/cm2

Mean value for all generations exceeded specified minimum

Modulus of elasticity Mean values exceeded minimum ADA specifications of 1.54 ×
106 kg/cm2

PE Measuring microscope No definite trend of increasing or decreasing values

Microhardness
determination

Vickers hardness test using an angle of 136 degrees
diamond in a microhardness tester

Exceeded calculated minimum specification for Ni-Cr alloys;
ranged from 335 to 390

Microstructure � No remarkable differences in base structure
� Core dendritic structures
� Dark interdendritic lamellar phase
� Low level of inclusions
� Definite identifiable microporosities

Reisbick and
Brantley7

PE Calculated after carefully fitting fracture specimen
fragments together and measuring increase in
length of previously marked gauge section

Mean PE was significantly greater for metal that was cast once
than for metal that was cast 2, 3, or 4 times

Tensile test 0.5 mm/min
0.1% offset

Not significantly different

YS 0.1% offset YS for metal cast once was significantly greater than mean values
for metal cast 2, 3, or 4 times

Microstructure Regions of porosities appear near the lower center

Bauer et al16 Tensile test Speed: 1 mm/min

UTS UTS of the recast CP Ti was higher than that of as-received CP Ti

PL PL of the recast CP Ti was higher than that of the as-received CP
Ti

Elongation to failure EL of as-received CP Ti castings was higher than that of recast CP
Ti castings

Microstructure No porosities

Microhardness Vickers hardness indenter with 100-g load and 15-s
dwell time. Measurements were made from 25 m
below cast surface up to depths of 50, 100, 200,
and 500 m. Three indentations were made on each
specimen at each depth and values were
calculated as averages for statistical purposes

Decreased from 25 m to 500 m depth from 550 to 220

Peraire et al18 Microstructure SEM No change in grain size

Microhardness Microhardness tester with load of 150 g for 15 s
Five different areas for each specimen were
selected to make indentations and values were
averaged

Significant differences in VHN existed among HN alloy groups,
while no significant differences were found for noble alloys or Ni-
based alloys
Fifth recast: hardness increased

Walczak et al1 Microstructure HV 10 Typical coarse grain, dendritic structure

Static tension tests
Modulus of elasticity

196 GPa
Tensile strength showed maximum value for 100% new material

Gupta and
Mehta13

Tensile test 50-kN servohydraulic universal testing machine;
head speed, 0.5 mm/min; calculated after

processing to obtain YS, PE, and modulus of
elasticity values

YS decreased with repeated remelting
ME: not significant
PE: not significant

Microhardness Four distant points on smooth polished surface Repeated remelting decreased hardness values, which recovered
on remixing of new alloys

Hesby et al20 Tensile strength

UTS, ultimate tensile strength; YS, yield strength; ADA, American Dental Association; PE, percentage elongation; PL, proportional limit; SEM, scanning electron microscope; VHN, Vickers hardness
number; HN, high noble.
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