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Introduction:

In dentistry, metals represent one of the four major classes of materials used for the
reconstruction of damaged or missing oral tissues. Although metals are readily distinguished
from ceramics, polymers, and composites, it is not easy to define the word metal because of the
wide variation in properties of metallic materials. The Metals Handbook (1992) defines a metal
as "an opaque lustrous chemical substance that is a good conductor of heat and electricity

and, when polished, is a goodreflector of Iight."1

An alloy is a substance with metallic properties that consists of two or more chemical elements,
at least one of which is a metal. Gallium and mercury, elements commonly used in dental alloys,
are liquid at body temperature. However, all metalsand alloys used as restorative materials in
dentistry are crystalline solids. Metals can also be described in terms of qualitative and
quantitative properties such as their luster, malleability, ductility, electrical conductivity, thermal

conductivity, specific gravity, and ability to make a ringing sound when struck.l With the
exception of pure gold foil, commercially pure (CP) titanium, and endodontic silver points,
materials used for dental restorations, partial denture frameworks, orthodontic wires and
endodontic instruments are alloys. The widevariety of complex dental alloy compositions
are (1) Dental amalgams containingthe major elements mercury, silver, tin, and copper, (2)
Noble metal alloys in whichthe major elements are some combination of gold, palladium, silver,
and important secondary elements including copper, platinum, tin, indium, and gallium, and (3)
Base metal alloys with a major element of nickel, cobalt, iron, or titanium and many secondary
elements that are found in the alloy compositions. Moreover CP titanium, which is classified in
four different grades, may also technically be considered as an alloy, because small percentages
of other elements are allowed as impurities as specified by a standard set by the American

Society for Testing and Materials (ASTM) for each grade.1
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Dental casting alloys play a prominent role in the treatment of dental disease. This role has
changed significantly in recent years with the improvement of all-ceramic restorations and the
development of more durable resin-based composites. However, alloys continue to be used as the
principal material for fixed prosthetic restorations and will likely be the principal material for
years to come.No other material has the combination of strength, modulus, wear resistance, and
biologic compatibility that a material must have to survive long term in the mouth as a fixed

prosthesis.2

Although uses for pure metals such as gold foil and platinum foil exist in dentistry,the main
role for metals in dentistry has been in alloys. Alloys are mixtures of metals and nonmetals.
Alloys are used for fixed prostheses rather than pure metals because pure metals do not have the
appropriate physical properties to function in these types of restorations. For example, the tensile
strength of pure gold is 105 MPa. By adding10 wt % of copper, this strength increases to 395
MPa. With the appropriate addition of other elements and proper casting conditions, the strength
increases to over 500 MPa. Even more impressive is the increase in hardness: from 28

kg/mm2 for pure gold to nearly 200 kg/mm2 for a typical gold- based casting alloy. Thus,
the use of alloys provides physical and biologic properties that are required for successful, long-

term fixed prostheses.2

Most metals have a "white" appearance (e g, aluminum, silver, nickel, palladium, tin, and zinc)
However, there are slight differences in hue and chroma among the white metals. Two non
white metals in the periodic table are gold and copper, both of which are important
components of cast dental alloys. The properties of the pure elements do not change abruptly
from metallic to non- metallic as one move to the right side of the periodic chart rather, the
boundary between metals and nonmetals is somewhat arbitrary and the elements near the
boundary exhibit characteristics of bothmetals and nonmetals.

The elements carbon, boron, and silicon are often combined with metals to form commercially
important engineering materials. Silicon and germanium are termed semi- conductors because
their electrical conductivity is intermediate between that of a metal and that of an insulator These
two elements form the basis for many electronic devices However, in dentistry the most
common casting alloys used for dental appliances and prostheses are based on a majority of one

of the following elements: cobalt, gold, iron, nickel, palladium, silver, and titanium. L

Review of Literature:

In the study Tarnish and Corrosion Behaviour of Dental Gold Alloys by Leon W. Laub and
John W. Stanford in the year 1981 has shown that approximately two hundred casting alloys
"containing varying amounts of noble metals are being marketed for dental prostheses. Among
the important characteristics of these materials are tarnish and corrosion resistance in the oral
environment. Composition restrictions are not sufficient to assure in vivo alloy stability - alloys
containing 75 per cent noble metals by weight have been found to tarnish, whereas alloys
containing 52 per cent noble metals have not. Furthermore, procedures for screening new alloy
formulations prior to marketing have not yet been standardized.

Katsuhiro Yasuda conducted the study titled Age-Hardening And Related Phase
Transformations in Dental Gold Alloys in the year 1987 has attempted to show that
transmission electron microscopy (TEM) is a powerful tool for studying age-hardening
mechanisms in dental gold alloys. In particular, high resolution TEM coupled with electron
diffraction are extremely effective in helping to elucidate the structural changes, down to the
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scale of inter atomic distances that are associated with a phase transformation during age-
hardening, even though the results are still mainly of a qualitative nature. The author hopes that
this article will provide future researchers in this field with a better understanding of the need for
fundamental studies, which will ultimately result in a more effective utilization of dental alloys
for the best patient care.

In the year 1988 a study titled The Electroforming Of Gold And Its Alloys by Anselm T.
Kuhn & Leslie V. Lewis has shown that after a very slow start, the electroforming of gold and its
alloys is a technology capable of considerable further development and that as this takes place,
so will the scaleof its use increase. Electroforming can be described as a manufacturing process
based on the electro deposition of a metal. Unlike electroplating, however,where the deposited
metal covers a substrate, in electroforming, at the end of the deposition process, that substrate
(which is known as the mandrel), is removed, leaving the electro deposit as an object in its own
right. Thus electroforming, though it superficially resembles electroplating, is in fact a far more
advanced technology. Not only is the preparation of the mandrels a complex procedure, but also
many of the difficulties inherent in electrodeposition, such as current distribution and the
incidence of internal stress, become critically obvious in electroforming, whereas in
electroplating, this might not have been the case. For every hundred companies in the
electroplating industry, perhaps one might include electroforming among their activities.

_In the study Casting Alloys: The Materials and the Clinical Effects by Morris, Manz et. al.
in the year 1992 has estimated that 96% of adults in the United States between the ages of 18
and 65 have one or more carious or filled teeth, with an average of almost 10 decayed or filled
teeth for each adult (Miller et al, 1987). The best treatment for carious teeth, to prevent loss and
restore masticatory function, often involves the use of cast dental restorations. The
chemical compositions of noble and base metal dental alloys and, based on 72- month data from
a 10-year clinical study (Morris et al., 1986), will summarize the clinical behavior of alloys with
"representative formulations”. "Noble" refers to metals with marked resistance to oxidation and
chemical reaction. Silver is not considered noble in the context of dental casting alloys.
"Precious” refers to an economic value. The American Dental Association has stated that "semi-
precious"” has no meaning in dentistry because no definition has been agreed on (ADA, 1984).
"Base metal” refers to metal elements that are chemically reactive to their environment (Phillips,
1991).

Katsuhiro Yasuda and Kunihiro Hisatsune conducted the study titled Microstructure And
Phase Transformations In Dental Gold Alloys in the year 1993 has shown that to achieve
control of the mechanical properties such as strength, ductility, fracture toughness, and chemical
stability in dental gold alloys, it is most important to understand the correlation between micro
structural morphology and phase transformation. A coherent phase diagramgives us effective
information concerning phase transformations and related micro structural features for a given
alloy.

In the year 2003 a study titled Gold in Dentistry: Alloys, Uses andPerformance by Helmut,
Richard and Christopher has shown that gold is the oldest dental restorative material, having
been used for dental repairs for more than 4000 years. These early dental applications were
based on aesthetics, rather than masticatory ability. The early Phoenicians used gold wire to
bind teeth, and subsequently, the Etruscans and then the Romans introduced the art of making
fixed bridges from gold strip. During the middle Ages these techniques were lost, and only
rediscovered in a modified form in the middle of the nineteenth century.
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In the study Casting alloys by John C. Wataha and Regina L. Messer inthe year 2004 has
shown that Dental casting alloys play a prominent role in the treatment of dental disease. This
role has changed significantly in recent years with the improvement of all-ceramic restorations
and the development of more durable resin-based composites. However, alloys continue to be
=used as the principal material for fixed prosthetic restorations and will likely be the principal
material for years to come. No other material has the combination of strength, modulus, wear
resistance, and biologic compatibility that a material must have to survive long term in the
mouth as a fixed prosthesis.

T.P. Chaturvedi conducted the study titled An overview of the corrosion aspect of dental
implants in the year 2009 has shown that Titanium and its alloys are used in dentistry for
implants because of its unique combination of chemical, physical, and biological properties.
They are used in dentistry in cast and wrought form. The long term presence of corrosion
reaction products and ongoing corrosion lead to fractures of the alloy-abutment interface,
abutment, or implant body. The combination of stress, corrosion, and bacteria contributeto
implant failure.

In the year 2009 a study Titled the Origin of the Metallic Bond by William B.
Jensen has shown that both assumed that the weakly bound conduction electrons could be
modeled using the classical kinetic theory ofgases. Though this “electron-gas” model gave
an adequate qualitative rationale of metallic properties, it in correctly predicted both the heat
capacity of metals and the temperature dependence of their electrical conductivity. In addition, it
could not explain their magnetic properties.

In the study Tensile bond strength of composite luting cements to metal alloys after
various surface treatments by Saip Denizoglu, Cem S Hanyaloglul et.al. in the year 2009
made a comparison of the surface treatments between sandblasted, etched and sandblasted
etched surfaces, tensile bond strengths of sandblasted surfaces were higher and statistically
significant.

DR Prithviraj, Romesh Soni et.al. conducted the study titled Evaluation of the effect of
different surface treatments on the retention of posts: A laboratory study in the year 2010
has shown that air-borne alumina particle abrasion increased the retentive strength of all the type
of posts used in this study. Treating the surface of the posts with resin-primer and ethyl alcohol
produced no statistically significant difference in the retentive strength.

In the year 2010 a study titled An overview of orthodontic materialdegradation in
oral cavity by TP Chaturvedi and SN Upadhayay has shown that a primary requisite of any
alloy metal used in the mouth is that it must not produce corrosion products that will be harmful
to body. In spite of recent innovative metallurgical and technological advances and remarkable
®progress related to orthodontic materials, failures do occur. One of the reasons for these failures
could be corrosion (material degradation) of orthodontic appliances. It causes severe and
catastrophic disintegration of the metal body.

In the study screening test for metal identification in prosthetic dentistry by Reclaru
Lucien in the year 2010 shows the identification of the chemical nature of metallic restorations
may provide useful information in odontological diagnosis. Dentists commonly use the splint-
test for such identification. Abrasion debris is collected from the metal restoration in the patient’s
mouth, and the sample is then sent to a laboratory for chemical analysis.

Shaista Afroz and Pooran Chand conducted the study titled Collarless metal ceramic
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restorations to obscure the umbrella effect in the year 2010 had concluded that desirable
esthetics can be achieved by collarless metal ceramic restoration. The optical phenomenon of
umbrella effect was prevented by using shoulder porcelain. It is cheaper and stronger, being
more conservative, having greater longevity and being an esthetically acceptable alternative to
all ceramic restorations. Also, an all-ceramic restoration with the opaque alumionous core may
show a similar optical phenomenon.

In the year 2011 a study titled Microstructure, mechanical performance and corrosion
properties of base metal solder joints by Sujesh Machha, M Vasanth Kumar et.al. has
shown that tensile strength and percentage of elongation were higher in the one-piece casting
group followed by laser fusion and gas oxygen soldered joint, when nickel chromium alloy and
solder were tested. The laser fused joints exhibited better hardness, possessed better
microstructure and had a high corrosion resistance. Gas oxygen soldered group showed joints
with greater porosity and exhibited least corrosion resistance. Consequently, laser fusion,
which is a recent introduction to the field of prosthodontics, produces joints which have
properties between the one-piece casting and the gas oxygen torch soldering. The technique
produces joints which possesses superior mechanical properties compared to those fabricated
by conventional methods.

In the study Evaluation and comparison of castability between an indigenous and
imported Ni-Cr alloy by Ganesh Ramesh, Padmanabhan TV et.al. in the year 2011
conclude that the castability of the indigenous alloy is on par with the imported alloy.

“"Kaushal K Agrawal, Arvind Tripathi et.al. conducted the study titled A study to evaluate the
effect of oral stereognosis in acceptance of fixed prosthesis in the year 2011 had concluded
that one-day interval for both typeof cast metal crowns was found to be insignificant in all
subjects. Oral stereognostic score of cast metal crown resembling original tooth was found to
be significantly higher than oral stereognostic score for cast metal crown with morphology
confirmed to ideal contours. Satisfaction level of subjects for cast metal crown with morphology
resembling original tooth was found to be significantly higher than satisfaction level for cast
metal crown with morphology confirmed to ideal contours. Oral stereognostic score and
satisfaction score were found to be higher for cast metal crown with morphology resembling to
original tooth due to recognition and discriminatory ability of subjects and recall-memory. There
was no significant difference in oral perception and satisfaction level between male and female.

In the year 2011 a study titled Oxidation heat treatment (OHT) affecting metal-ceramic
bonding by Shraddha Rathi, Hari Parkash et.al. concluded that there is neither any significant
effect of OHT on the metal- ceramic bonding nor micro abrasion of the metal substructure
affects metal- ceramic bonding.

In the study An alternative treatment of occlusal wear: Cast metal occlusal surface by
Sandeep Kumar, Aman Arora et.al. in the year 2012 has described a technique that uses the
custom made occlusal portions as thepatterns for casting base metal occlusal surfaces. Acrylic
resin is attached to the metal occlusal surfaces via direct resin processing. During recall
evaluation, the patient was satisfied with the functional efficiency of the denture and did not
report any problem associated with the metal occlusal denture.
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Thakur Prasad Chaturvedi and Ram Sagar Dubey conducted the study titled Corrosion
behavior of titanium wires: An in vitro study in the year 2012 showed degradation of
titanium wires by electrochemical attack when they were placed in the hostile electrolytic
environments provided in the experiments. Surface analysis of titanium wires showed pitting and
localized attacks on the surface. Pitting corrosion was found in the titanium wires.

In the year 2012 a study titled The effect of remelting variouscombinations of new and used
cobalt—chromium alloy on the mechanical properties and microstructure of the alloy by
Sharad Gupta and Aruna S Mehta has concluded that repeated remelting of base metal alloy
for dental casting without addition of new alloy can affect the mechanical properties of the
alloy. Microstructure analysis shows deterioration upon remelting. However, the addition of
25% and 50% (by weight) of new alloy to theremelted alloy can bring about improvement both
in mechanical properties and in microstructure.

In the study The influence of metal substrates and porcelains on the shade of metal-ceramic
complex: A spectrophotometric study by Kavitha Janardanan, Sreelal Thankappan Pillai
et.al. in the year 2012 had concluded that the variations in metal-ceramic alloy and porcelain can
influence the shade of a metal-ceramic restoration. Color index value was the highest for gold
alloy.

Onur Geckili, Hakan Bilhan et.al. conducted the study titled The effect of urea on the
corrosion behavior of different dental alloys in the year 2012 indicate that elevated urea levels
reduced the corrosion susceptibility of allalloys, possibly through adsorption of organics onto the
metal surface. This study indicates that corrosion testing performed in sterile saline or synthetic
saliva without organic components could be misleading.

In the year 2012 a study titled A finite element thermal analysis of various dowel and core
materials by Shanti Varghese, Padma Ariga et.al. has shown that non-metallic dowel and
core materials such as fibre reinforced composite dowels (FRC) generate greater stress than
metallic dowel and core materials. This emphasized the preferable use of the metallic dowel and
core materials in the oral environment.

In the study Evaluation of flexural bond strength of porcelain to used nickel-chromium
alloy in various percentages by Madhav VNV, Padmanabhan TV et.al. in the year 2012 has
shown that fresh nickel— chromium alloy shows the greatest porcelain adherence.There is no
significant change in bond strength of ceramic to alloy with up to 75% of used nickel- chromium
alloy. At least 25%— of new alloy should be added when recycled nickel-chromium alloy is
being used for metal ceramic restorations.

Mirza Rustum Baig and Rajan Gunaseelan conducted the study titled Intraoral
framework pick-up technique to improve fit of a metal-resin implant prosthesis in the year
2012 proposed technique uses a custom cast

frame in combination with prefabricated milled abutments to create a retrievable metal-resin
fixed complete denture. The technique may be useful in situations where screw-retention is
intended and a cost-effective option is desired. Long-term clinical studies evaluating the success
rates of this treatment modality in comparison with conventional options are required, before
recommending it for routine use in clinical practice.

In the year 2012 a study titled Evaluation of resistance to displacement of metal posts
with different lengths by Ana Paula Farina, Doglas Cecchin et.al. Concluded that metal
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retainers of 2/3 and 1/2 the length of the root portion showed higher resistance to displacement
values when compared with the group that had been prepared for 1/3 of the root length.

In the study Alternative anterior esthetics: A case report by Manish Khan Katyayan
and Preeti Agarwal Katyayan in the year 2013 has shownthat due to the rise over the years
in patient emphasis on better esthetic outcomes, veneering the metal base of a restoration with
composite resin or porcelain is widely used in dentistry. For the preservation of the
opposingnatural dentition and the potential for repair, the use of composite veneering materials
has been suggested because of their resilience, low abrasive properties, and superior repair
potential. Composites are not as popular as porcelain, but they are still widely used to cover
metal because of low cost and because the laboratorial procedures are faster and simpler.

Deepak K, Ahila SC et.al. conducted the study titled Comparative evaluation of effect of

laser on shear bond strength of ceramic bonded with two base metal alloys: An in vitro
study in the year 2013 has shown that the shear bond strength between ceramic bonded with
Ni Cr alloys using the Laser etching as surface treatment was 49.12 + 7.12 MPa and for Co Cr
alloys
50.04 + 4.27 MPa. Laser surface treatment produces an excellent surface roughness and achieved
good shear bond strength values and aid in achieving a better bond strength between metals and
ceramic.
In the year 2013 a study titled Comparison of marginal accuracy of castings fabricated by
conventional casting technique and accelerated casting technique: An in vitro study by
Srikanth Reddy S, Kakkirala Revathi et.al. has shown that conventional casting technique
produced better marginal accuracy when compared to Accelerated casting. The vertical
marginal discrepancy produced by the Accelerated casting technique was well within the
maximum clinical tolerance limits.

In the study Titanium - A Miracle Metal in Dentistry by Sulekha Gosavil, Siddharth
Gosavi et.al. in the year 2013 has shown that Titanium and titanium alloys, based on their
physical and chemical properties, appear to be especially suitable for dental implants and
prostheses. Titanium also shows a low toxicity, great stability with low corrosion rates and
JSfavorable mechanical properties compared to other metals make titanium as a miracle metal for
the biomedical applications. The combination of high strength-to-weight ratio, lightweight,
excellent mechanical properties (Strong), corrosion resistance, biocompatible, non- toxic, long-
lasting, non-ferromagnetic, osseo integrated (the joining of bone with artificial implant), cost-
efficient and long range availability makes titanium the best material choice for many critical
applications.

Harshitha Gowda BH and Satish Babu CL conducted the study titled Connector design

in a long span fixed dental prosthesis: A three dimensional finite element analysis in the
year 2013 has shown that the cylindrical cast connectors showed less stress in comparison to
triangular design and the difference in the stress distribution of cast and soldered connectors
were marginal.
In the year 2014 a study titled Casting made simple using modified sprue design: An in vitro
study by B Eswaran Baskaran, KR Geetha Prabhu et.al. has shown that the efficacy of a
sprue design depends on how easily metal can flow through it and fill the mold cavity. The sprue
must supply molten metal continuously so that the gases are forced out of the mold cavity. It
should also compensate for the shrinkage of alloy in the casting as it solidifies. Ever since sprue
techniques have been followed, various views are suggested regarding the selection and
application of sprue designs and their mode of attachment to the pattern to be casted.
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CLASSIFICATION OF METALS ACCORDING TO PERIODIC TABE 1

Of the 115 elements currently listed in most recent versions of the periodic tables of the
elements, about 81 can be classified as metals. (Additional elements that have been created with
nuclear reactors have short half-lives.) It is of scientific interestthat the metallic elements can
be grouped according to density, ductility, melting point, and nobility 'This indicates that the
properties of metals are closely related to their valence electron configuration. Several metals of
importance for dental alloys are transition elements, in which the outermost electron sub
shells are occupiedbefore the interior sub shells are completely filled.

Eur. Chem. Bull. 2023, 12(Special Issue 8),4400-4450 4407



Metals in Prosthodontics: A Review

PERIOD
—

GROUPIUPAC
3
ATOMIC NUMBER -

RELATIVE ATOMIC MASS (1)

GROUPCAS

[ Mew [ Semimeta [l Nonmeta

I Akal metal

| Akaline earth metal

L Transition metals
Lanthanide
Actinide

|, Chalcogens element

[y Helogens element
[y Noble gas

STANDARD STATE (25 °C; 101 kPa)
Ne-ga  Fe -sdid
Hg-liud T -synthetic

PERIODIC TABLE OF THE ELEMENTS

http:/hwww periodni.com

13

. |14 (287)

L

15} !4 VA ]5 VA (|6 VIA 17 VIA
6 0|7 1o7(8 15099

17 (.)

Uns

N NUNPENTIO | BRMORAA| UNSEPTLM) UKAGCTIN
Copyright © 2012 Eni Generaiié
LANTHANIDE ‘
57 138.91|58 14012 (39 14091/ 60 14424 | 61 (145){ 62 150.36 |63 15196 | 64 157.25| 65 15893 |66 16250 |67 164.93| 68 167.26 {69 168.93| 70 173.05| 71 17497
(1) Pute Apol. Chem, 81, No. 11, 2131-2156 (2009)
Relative atomic masses are expressed with
sl l Ce|Pr|Nd|Pm|Sm|Eu Gd| Th|Dy | Ho|Er | Tm|Yb|Lu J
10 stable muclides, the value enclosed in | LANTHANUM _ CERIUM _[PRASEODYMIIY|NEQDYMUMPROMETHIUA. SAMARIUM | EUROPAIM |GADOLINUI| TERBAUM [DYSPROSIUM| HOLMIUM | ERSIUM | THULIUM | YTTERBIUM ) LUTETIUM
beackets indicates the mass number of the ACTINIDE
longest-lived isoiope of the element. However ¢ 3 2 \
e sechclemens (Th, Paand U) dohvez (89 (227) {90 23204 {91 23104 {92 238.03(93  (27)| 94 (244) |95 (243){96 (47)[97 (247){98 (251)(99 (252) (100 (257)[101 (258} 102 (259) 103 (262)
characteristc terrestrial isotopic composition,
and for these an atomic weight s tabulated. AC Th Pa U Nm) IPW] AIM] @m ]B]k (Cﬁ ]E§ ]me Md] N@ IUI’

Eur. Chem. Bull. 2023, 12(Special Issue 8),4400-4450

4408



Metals in Prosthodontics: A Review

CLASSIFICATION OF METALS
| ‘ NON 1

METAL SEMIMETAL METALS

ALKALI ALKALINE CHALCOGEN
METALS || EARTH METAL TRANSITION METALS ELEMENT
HELOGEN
LANTHINDE |  ACTINIDE HELOGEN

NOBLE GAS

Several metals importance for dental alloys are transition elements, in which the outermost
electron sub shells are occupied before the interior sub shells are completely filled.

TYPES OF DENTAL ALLOYS

Casting alloys are categorized several ways, but the classification system most used by dental
practitioners is the American Dental Association (ADA) compositional classification system.
The ADA system divides casting alloys into three groups on the basis of wt% composition. The
high-noble alloys are those with noble metal content (sum of gold, palladium, and platinum) of
at least 60 wt% and a gold content of at least 40 wt %. Most gold-based alloys before 1975 fell
into this category. The noble alloys must contain at least 25 wt% noble metal but have no
specific requirement for gold content. Finally, the predominantly base- metal alloys contain less
than 25 wt% noble metal, with no other specification on composition. The ADA has adopted
symbols for each of these classes of alloys to aid the practitioner in knowing to which
category a given alloy belongs. This classification system is more encompassing than the
previous classification system it replaced in 1984, which focused primarily on gold-based

aIons.2
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HIGH
NOBLE

Predominantly

BASE

Fig.1 Symbols adopted by the ADA for its three major classifications of alloys based on
.composition

The ADA also classifies alloys on physical properties of yield strength and elongation. Four
categories of alloys are defined in this scheme. Soft alloys are defined for use in low-stress
conditions under which the restoration bears no significant occlusion. Medium alloys are
recommended for conditions of moderate

stress and light occlusal stress. Hard alloys are recommended for full occlusalloads with
single units or short span fixed partial dentures, and very hard alloys are recommended for
“removable partial dentures and longer-span fixed partial dentures. Each casting alloy is
therefore defined by two ADA classification systems—one for composition and one for physical

strength.2
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Classification of casting alloys by physical properties?/

ADA designation Yield strength (MPa, in tension) Elongation (%)

Type 1 Soft <140 18

Type 2 Medium 140-200 18
Type 3 Hard 201-340 12
Type 4 Extra-hard >340 10

Classification on the basis of application and general chemical composition 3

Noble Alloys

Noble/Gold based Alloys

Noble/gold-based alloys have the longest history of use in dentistry and are "thestandard”
with which other alloys are usually compared. They are used for fabrication of inlays,
crowns, fixed partial dentures, and metal ceramic restorations

(PFM). Gold adds high corrosion resistance, good castability, good ductility, and the distinctive
yellow gold color. Silver reduces density, slowly whitens the alloy color when added in
increasing amounts, and counteracts the redness of copper. In PFM alloys, silver may discolor
porcelain veneers. Copper strengthens gold-based alloys (AuCu3). Both palladium and platinum
increase casting temperature, strength, and corrosion resistance of the alloy (Tuccillo and
Nielson, 1971). Palladium lowers cost and improves rigidity and sag resistance of PFM alloys
(Moffa, 1983). Zinc (traces) increases castability (Raub and Ott, 1983) and forms intermetallic
(gold) compounds to harden the alloy (Labarage and Treheux, 1979). Iron improves mechanical
properties and in PFM alloys, increases sag resistance (Kojima, 1980) and bond strength with
porcelain (Espevik and 0Oilo, 1979). Tin acts as a bonding element in PFM alloys and a
hardening agent in palladium-gold alloys (German, 1979). Iridium acts as a grain refiner in
gold-based PFM alloys (Raub and Ott, 1983). Indium serves as a bonding agent in PFM alloys
(Espevik and Oilo, 1979). Germanium increases the castability of gold-copper alloys (Townsend
and Hamilton, 1983).

Noble/Gold-Based Alloys: "General™ Chemical Compositions
(A) Crowns and fixed partial dentures
(1) Major: gold, silver, copper
(2) Minor: palladium, platinum, zinc, indium, iridium, rhenium, germanium
(B) Metal ceramic (PFM)
(1) Major: gold, platinum, palladium
Minor: rhodium, silver, indium, tin, iron, iridium, rhenium, copper
Noble/ Palladium based Alloys
Noble/palladium based alloys with silver have been available since 1974 (Tuccillo, 1977). In the
early 1980's, there was an increase in palladium-based formulations with reduced amounts of
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silver. They are used primarily for the fabrication of PFM restorations. However, a variety of
type IV, extra-hard alloys
exists that can be used to cast inlays, crowns, fixed partial dentures, and removable partial
dentures (RPD). Palladium reduces the cost of the alloy while increasing strength, rigidity, and
sag resistance (Moffa, 1983). The coefficient of thermal expansion is increased with the
addition of silver (Kollmannsperger and Helfmeier, 1983). Indium and/ or tin can be added to
improve bonding with the porcelain veneer. Gallium contributes to a homogeneous
microstructure. Ruthenium is used primarily as a grain refiner. Palladium based alloys absorb
small amounts of carbon that increase brittleness of the alloy (Eichner, 1983). Gas porosities
(CO gas) may occur after the alloy is cooled. The palladium-silver alloys are somewhat more
difficult to cast (McLean, 1983).
Noble/Palladium-Based Alloys: "General” Chemical Compositions

(a) Crowns and fixed partial dentures

(1) Major: palladium, silver, copper, gold

(2) Minor: zinc, indium, iridium

(B) Metal ceramic (PFM)

(1) Major: palladium, silver, gold, copper, cobalt
Minor: gold, platinum, indium, tin, gallium, ruthenium, rhenium

Base Metal Alloys
Base metal alloys were first introduced to dentistry for the fabrication of RPD's in the early
1930's. Subsequently, they have largely replaced the noble- based alloys for RPD's. The most
successful RPD alloys are cobalt-chromium based and nickel-chromium-based. There has also
been an increase in the use of similar "base metal" alloys for less costly crowns, fixed partial
dentures, and PFM restorations due to thedramatic increase in price of gold bullion and gold-
containing dental casting alloys in the 1970’s.
Base Metal/Cobalt-based Alloys
Base metal/cobalt-based alloys are used primarily in the fabrication of RPD's. Several
manufacturers (e.g., J.F. Jelenko, Dentsply) market cobalt-based alloys for PFM restorations.
Cobalt provides strength, hardness, and corrosion resistance. Chromium provides hardness and
sresilience and increases corrosion resistance when present in at least 16 wt%. Nickel
increases ductility (Asgar and Peyton,1961) while lowering melting temperature and hardness
(Asgar and Allan, 1968). The carbon content of these alloys is critical. It is only slightly soluble
in cobalt- chromium solid solution and is present mainly as dispersed carbides of chromium,
cobalt, or molybdenum, increasing the strength and hardness of the alloy (Tesk and
Waterstrat, 1985). Manganese is a de-oxidizer. Tungsten helps reduce formation of chromium-
depleted zones.
Base Metal/Cobalt-Based Alloys: "General™ Chemical Compositions

(A) Metal ceramic (PFM)

(1) Major: cobalt, chromium, tungsten, molybdenum

(2) Minor: copper, silicon, gallium, aluminum, nickel, tantalum, ruthenium

(B) Removable partial dentures

(1) Major: cobalt, chromium, nickel
Minor: molybdenum, tantalum, manganese, gallium, silicon, carbon, tungsten
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Base Metal/ Nickel based Alloys
Base metal/nickel-based alloys are used primarily for RPD's and PFM restorations. Nickel yields
a softer alloy and lowers the melting temperature. Aluminum (Ni3Al) increases strength and
hardness. Carbon may be added to increase strength but increases brittleness as well. Beryllium
decreases melting temperature and corrosion resistance (Lee et al., 1985) while improving
castability and bonding. Lower melting temperatures also provide a smoother casting surface that
requires less finishing. Boron decreases alloy melting temperature (Haudin and Perrin, 1981).
Titanium and manganese increase corrosion resistance (Meyer, 1977) and serve as bonding
agents (Espevik and Oilo, 1979). Iron increasesstrength (Meyer et al., 1979). Cobalt increases
hardness. Copper increases corrosion resistance (Bui and Dabosi, 1981). Gallium improves
castability(Kollmannsperger and Helfmeier, 1983). Yttrium aids in the adherence of oxide layers
(Townsend and Hamilton, 1983). Molybdenum increases corrosionresistance (Lee et al., 1985).
Tin increases strength and hardness (Ando and Nakayama, 1983).
Base Metal/Nickel-Based Alloys: "General™ Chemical Compositions

(A) Crowns and fixed partial dentures

(1) Major: nickel, chromium, iron

(2) Minor: molybdenum, silicon, manganese, boron, copper

(B) Metal ceramic (PFM)

(1) Major: nickel, chromium
(2) Minor:  molybdenum, iron, silicon, manganese, beryllium, boron,
aluminum,yttrium, tin

(C) Removable partial dentures

(1) Major: nickel, chromium
Minor: molybdenum, iron, silicon, manganese, beryllium, boron, aluminum,carbon, cobalt,
gallium, tin

Alloys for Implants1
1) Cp Titanium
Grade I, 11, Il and IV
i) Titanium
AlloysTi-6Al-4V alloy
Ti-6AL — 4V ELI alloy

lii)Cobalt — Chromium — molybdenum
iv) Stainless steel (316 L)

SOIDIFICATION AND MICROSTRUCTURE OF METALS10

A wide variety of metals is used in dentistry. Each has a melting or solidification temperature
that is characteristic of that element. When elements are alloyed together to change their
properties, this single melting temperature is changed to a range of temperatures over which the
liquid is in equilibrium with solid crystals nucleated in the liquid metal.

The upper temperature for the liquid-solid alloy range is called the liquidus temperature, and the
lower temperature limit is called the solidus temperature. When a liquid alloy melt is being
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cooled, the liquidus temperature is the temperature at which solid crystals start to nucleate.
When a mixture of an alloy liquid and crystals is being heated, the liquidus temperature is the
temperature at which the crystals dissolve into liquid. The solidus temperature is the
temperatureat which the last liquid solidifies on cooling or the first liquid is formed on heating.

Complete melting is needed for casting and soldering and at least an additional 100 Oc superheat
is needed for a fluid melt to cast. Note that a gas/air torch cannot be used to cast a metal

with a liquidus temperature above 1,000 OC because the flame does not get hot enough. Also, a
reducing flame rich in gas should be used for casting or soldering, otherwise the liquid metal
will be oxidized by the oxygen in air.Oxidation keeps the solder from wetting the surface and
flowing. To provide a margin of safety against melting the castings in a fixed partial denture, the

liquidus temperature of the solder should be at least 50 OC lower than the solidus
temperature of the casting alloy being soldered.

Unit Cells of Crystal Lattices
Liquid metals nucleate crystals upon cooling. The atoms joining the crystals form a unique
packing arrangement in space that is characteristic of that metal or alloy at equilibrium. The
smallest division of the crystalline metal that defines the unique packing is called the unit cell.
When the unit cell is repeated in space, the repeating atomic positions form the crystal lattice
structure of a crystalline solid.

The atoms at the corners of the unit cell are shared among the adjacent eight unit cells, as shown
for the body-centered unit cell. Therefore, one eighth of the corner atom is associated with the
cell; there are eight corner atoms, so they each contribute one atom to the unit cell. The body-
centered atom is totally inside the unit cell and is not shared, so it contributes the second atom to
the unit cell mass. Using the lattice parameters to calculate the volume of the cubic cell, the
density of the metal can be calculated by dividing the mass of atoms in the unit cell by its
volume. The lattice parameters for metals and alloys range between 2 A and 10 A for the
different unit cells formed.

Fig.2 Formation of crystal nuclei in liquid metal
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Fig.3 (a) The body-centered cubic unit cell is typical of the crystal lattice of pure iron at room
temperature. The lattice parameter for iron is 2.87 A. (b) A part of a body-centered cubic crystal
lattice. It could extend in all directions. In this "hard sphere model,"” the atoms are visualized as
hard spheres of a definite radius in contact. (c) The body-centered cubic space lattice can be
visualized as a "point skeleton™ of the body-centered cubic crystal lattice.

It has been observed that the position of the neighboring atoms surrounding every atom of a
crystal lattice is identical in a pure crystalline metal. When the property of identical periodic
points in space was explored mathematically, it was discovered that there are 14 unique ways to
arrange points in space.

Simple cubic

Simple Base-centered Body-centered Face-centered
orthorhombic orthorhombic orthorhombic orthorhombic
Simple triclinic Rhombochedral

Simple Body-centered
monoclinic monoclinic tetragonal tetragonal
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Fig. 4 Unit cells of the 14 space lattice contain atoms arranged so that each one has identical
surroundings. (From Mott, 1967. Reprinted from Scientific American.)

These are called space lattices. A pure metal crystal lattice is similar to one of the space
lattices except that each mathematical point is the site of an atom. Complex crystal lattices like
amalgam alloy and enamel have the points of their space lattices replaced by the different atoms
of the material or by groups of atoms. The unit cell of each crystalline material, no matter
how complex, correspondswith one of these 14 space lattice unit cells.

Nucleation And Polycrystalline Grain Structurelntroduction

As the melt of metal is cooled, clusters of atoms come together from the

liquid to form solid crystal nuclei. These nuclei will be stable and grow into crystallites or
grains if the energy of the system is favorable, that is, the energy is lowered by the process. The
energy is lowered by an atom bonding to the solid nuclei, thereby giving up its liquid-state
kinetic energy of motion. However, when an atom bonds to the nuclei, the energy can also be
raised by the creation of more interfacial surface energy as a result of the increased surface area
of the nuclei in contact with the liquid. The energy of the system is favorable for stable nuclei
and growth when more energy is lost by bonding than is gained by increasing the interfacial
surface area (i.e., energy). Nucleation can occur by two processes. The first, called
homogeneous nucleation, is enhanced by rapid cooling so the nuclei are super cooled. The
result for the system is that more energy is lost when an atom of the liquid bonds to the solid.
With rapid cooling (quenching in water) more nuclei are formed per unit volume. These nuclei
grow together to form the irregular polycrystalline grains or crystallites that fit together like a
three- dimensional puzzle to form the bulk of the metal shape.
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Typical grains

Fig. 5 Irregular polygons called grains or crystallites. An average distance measured across the
faces of the crystal grains is called the grain size. It may be less than 1,000 A or more than 1 cm,
depending on the number of nuclei present during solidification. (From Guy et al, 1971.
Reprinted with permission.)
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Fig. 6 The grain structure of a metal is revealed by polishing the surface to a mirror finish and
etching lightly in acid. To study the grain structure of metals used for dental appliances, a light
or scanning electron microscope is needed for magnification because of the small grain sizes.
(From Guy et al, 1971. Reprinted with permission.)
The more nuclei that are formed by rapid cooling, the smaller the grain size or crystallite
dimensions. Another means of decreasing the grain size (grain refining) is by adding to the melt
a foreign solid particle or surface to which the atoms are attracted, such as a very fine high-
melting metal or oxide powder. This process of seeding the nuclei is called heterogeneous
nucleation.
Grain Size And Properties
Decreasing the grain size can have a number of beneficial effects on the cast alloy structure of a
crown or removable partial denture. The finer grain size can raise the yield stress, increase the
ductility (percent elongation), and raise the ultimate strength. The change in these properties
with grain size is related to the processes of plastic deformation and fracture, and to how the
boundaries between grains relate to these processes. The size of metal grains in different metals
may range from less than 1,000 A to more than 1 cm. The lattices of the grains are formed in
random directions when they grow from the melt. A boundary is formed where the grains grow
into contact, because the atoms in one grain's crystal lattice
are not in position to mesh with the repeating atoms in the crystal lattices ofadjacent grains.
These grain boundaries are layers several atoms thick that are distorted from normal
atomic positions in order to bridge the mismatch in the lattice orientations of adjacent grains.
Only metals with simple body-centered or face- centered cubic unit cells have enough densely
packed planes of atoms in their lattices to allow plastic deformation at yield stress. These
lattice types permitshearing of the densely packed planes of atoms like cards of a microscopic
deck sliding over each other. However, the lattice of adjacent grain can be viewed as a second
microscopic card deck at a different angle. To get the metal to deform, it is necessary to force the
cards of one deck into other decks at an angle. But the more grains per unit volume, the more
difficult it is to get the planes (cards) to slide because the dislocated slipping planes run against
the grain boundaries sooner. Thus, a greater resistance to slippage is created by more grain
boundaries, and higher yield stress results.

Eur. Chem. Bull. 2023, 12(Special Issue 8),4400-4450 4417



Metals in Prosthodontics: A Review

On the other hand, a material will fracture because a crack opens up on a grain boundary.
This is more likely to occur in large-grain metals, when the planes cannot be slipped into the
adjacent grains. Many smaller grains in various orientations can divide the plastic strain among
the grains more easily, with more of them oriented for slipping. Large grains must each
accommodate a larger strain and will have fewer properly oriented to slip. The result is lower
ductility and lower ultimate strength for large-grain metals, which open cracks more readily at
grain boundaries because the plastic deformation cannot be accommodated. For these reasons,
grain-refined or "micro-grain” alloys produced by heterogeneousnucleation are advantageous
for developing fixed partial denture alloys with higher yield stress, better ductility, and improved
ultimate strength.

Alloy Systems
Most pure metals are miscible in the liquid state when melted together. When two metals form

a solution in the liquid state so their atoms mix randomly on the atomic scale, they are said to
form an alloy. As the alloy liquid freezes, the atoms may remain randomly distributed on the
unit-cell lattice sites in each crystal grain. This random distribution in the solid alloy is called a
solid solution. But, if like atoms tend to prefer to bond among themselves, then as the nuclei
form from the melt, the atoms of different elements may segregate in different grains. The grains
of the two different metal elements are mixed together. Different grains may

be practically pure if their elements are insoluble in each other's lattices in the solid state. Or
they can have a limited solubility in the other's crystal lattice if theelements exhibit
partial solubility in one another.

Metal atoms of two different metal elements are more likely to be soluble in each other's
lattices if they (1) have the same atomic lattice type, (2) have similar atomic radii (i.e., a
difference of less than 10%), (3) have the same valencenumber, and (4) form bonds to other
atoms with strengths similar to those they form among themselves. On the other hand, if these
rules are not followed and the unlike atoms have a strong affinity to each other; grains of an
intermetallic compound may be formed at definite ratios of the alloying elements (e.g., dental
amalgam alloy Ag3Sn). The energetically stable (i.e., at equilibrium) crystal lattice structures
and their compositions for an alloy that is preferred by "nature™ varies with temperature and ratio
of the alloying elements that are melted together.
It is not possible to calculate the equilibrium composition and structures and at what
temperatures these change. They must be determined experimentally by measuring the
temperatures at which the latent heat is liberated when alloy liquid solidifies or solid lattices
transform to different crystal lattices. The type of crystal lattice is determined by Xx-ray
diffraction from the crystal atomic planes. The angle and intensity of the x-ray beam reflections
(i.e., diffraction) are characteristic of the atomic composition, type of crystal lattice, and position
of atoms in their unit cell. Thus, experimental detection of the temperature when heat is liberated
indicates when an alloy is changing its structure, and x-ray scattering identifies what lattices are
present. This information is portrayed in a binary phase diagram of the alloy system. The alloy
system represents all possible ratios of the elements.
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Fig 8 Silver-copper phase diagram showing a eutectic (lowest melting) point at 28.1%
copper.

An equilibrium phase is defined as a homogeneous body of matter that is physically distinct and
mechanically distinguishable. For a pure material likewater, the vapor, liquid, and solid phases
are physically distinct because there is a definite boundary between the regions when they exist
together. Also, they are mechanically distinguishable in properties like hardness, compressibility,
and elastic modulus. However, when the phase definition is applied to an alloy system, it is
important to recognize that if two different types of unit cells nucleate from the melt as, for
example, at the eutectic (lowest melting) point in a two-phase region is formed. The two phases
nucleate as separate grains. They are physically distinct, as indicated by grain boundaries that
define their limits. Their mechanical properties differ, as can be measured by a micro-hardness
tester impinging on individual grains. Note that two-phase alloys are not as corrosion resistant as
like single-phase alloys, because microscopic galvanic corrosion cells are set up between the
grains of the different phases. Also, porcelain bonding to multiphase alloys is considered
potentially weaker because of composition differences of the grains.

Deformation in Metals

There are three types of deformation that can occur in metals, which arise from different
mechanisms. The simplest deformation, elastic strain, is the elastic stretching of lattice in which
all the atoms are shifted from their equilibrium positions by a fraction of their atomic spacing.
The strain is directly proportional to the applied stress (i.e., force/area or force intensity) up to
the proportional limit stress. When the stress is removed, the atoms return to equilibrium atomic
spacing. Compared with most polymeric materials, metals generally have strong metallic bonds
and resist elastic stretching. This stiffness or resistance to elastic strain is indicated by the high
elastic modulus of metals. Stiffness is desirable for removable partial dentures, so forces can be
transmitted by the framework across an arch to better distribute the load.
It is desirable for the alloy of resin-bonded fixed partial dentures to resist flexing of the bond.
Another type of deformation is plastic deformation, a permanent deformation that begins when
the elastic limit stress or its approximation, yield stress, is reached. This mode of deformation
requires that atoms be shifted to new atomic sites on the lattice. These lattice sites must be
identical to the old sites and not far away, so the energy to shift atoms is not too great. Thus,
ductility is associated with face-centered and body centered cubic metal lattices, which have
more identical sites and more closely packed planes, so atoms do not have to slide far to reach
the new lattice sites. Intermetallic compounds are usually brittle because the atomic sites are
specific to the different atoms of the compound and not interchangeable. The mechanism of
plastic deformation is called dislocation motion and produces the slipping of the closely packed
planes over each other. A dislocation is the line of atoms that denotes the edge of an additional
half-plane of atoms that appears to be wedged into the lattice. The lattice is distorted (strained)
by the presence of the dislocation line of atoms.
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Fig. 9 The distortion (strain) around a dislocation in a simple cubic crystal lattice. The size of
the atoms has been reduced so the perspective can be seen. The row of atoms of the dislocation
is Dx. (From Ziman, 1967. Reprinted from Scientific American.)

Dislocation motion shifts atoms from one lattice site to the next, rather than moving all
the atoms of the plane at one time, which would take much more energy.

Fig. 10 The crystal lattice as it would appear after the yield stress has been exceeded and the
dislocation has moved through the lattice. The solid has been deformed to this new shape. (From
Ziman, 1967. Reprinted from Scientific American.)

It is important to understand that any process that impedes dislocation movement tends to
harden a metal, raise its yield stress and often lower itsductility. Some processes are reversible,
allowing the hardness to be low when making an appliance, for example, after which the
metal can be hardened toprovide better service if necessary. One process for hardening metal
is called cold working, or work hardening —any plastic deformation of metal by hammering,
drawing, cold forging, cold rolling, or bending. These processes produce many dislocations in
the metal that cannot slip through each other as easily as the lattice becomes more distorted. The
yield stress can be raised more than 100% when a drawn orthodontic wire is compared to the cast
metal. In dentistry, cold working occurs when gold foil is compacted, a denture clasp is bent, an
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inlay margin is burnished, or a deformed metal layer forms on a crown during finishing and
polishing.

A second process for hardening a metal is precipitation hardening. In this process a
second phase of finely dispersed clusters of atoms are precipitated from a meta stable
supersaturated solid solution by reheating an alloy that was quench- cooled to form the meta
stable supersaturated solid. Heat treatment can also be used to harden gold-copper alloys by a
slightly different process. In this case, because the gold-copper system forms a complete solid
solution at all compositions, the atoms can be interchanged on the lattice sites. However, as the
atoms are cooled, the copper and gold atoms tend to separate on alternating planes of the lattice
in ordered arrangement. This ordering makes dislocation motion more difficult, raising the yield
stress. These alloys are soft if quenched but hard if cooled slowly on the bench top or held in the

furnace at the ordering temperature range (350 O¢ for 30 minutes).

Other heat treatments are used to homogenize the grains of an alloy that have developed
composition gradients by rapid cooling and crystallization of the melt. When cooled rapidly,
the grains of the alloy cannot maintain an equilibriumor uniform composition in the grain. The
first part of the grain to cool will be richer than the average composition of the higher-
melting-temperature element, and the last part of the grain to solidify is richer in the low-melting
alloy component. This inhomogeneity tends to reduce corrosion resistance of the metal because
of the galvanic cell created between the center of the grain and the grain boundary. Heating the
solid at a temperature and for a duration that allows the atoms to reach equilibrium will improve
corrosion resistance.

Diffusion In Metals

Atoms of a crystalline solid vibrate about their fixed lattice positions. As they absorb
heat with increasing temperature, they vibrate at greater amplitude. Also, a small fraction of the
atom sites are vacant in a metal. As the temperature increases, an atom may momentarily
experience an increase in vibration energy, which will be sufficient to permit it to jump from one
lattice site to another. As the temperature and time increase, more atoms will be able to jump or
diffuse to new lattice sites. This random jumping during heat treatment allows the
rearrangementof the crystal lattice.

Atomic diffusion also permits rearrangement of cold-worked metals and permanent

deformation of metals at stress levels far below the yield stress if the stress lasts long enough. In
general, these rearrangements by diffusion begin to occur at a significant rate as the temperature
of metal exceeds one half of its absolute melting temperature. The rate of rearrangement
accelerates rapidly as the metal or alloy approaches its solidus temperature.
There are several heat treatment processes for metals that utilize diffusion among these is an
annealing heat treatment for release of residual stress. It allows the dislocations and atomic
vacancies to move and realign to lower the internal residual stress fields in a cold-worked metal
at a relatively low temperature and short heating time. If the temperature and heating times are
extended for a cold- worked metal, the metal can experience recrystallization, in which stress-
freegrains are crystallized out of the deformed grains. A recrystallization temperatureis the
temperature at which it would take 1 hour for the cold-worked metal to recrystallize. This
temperature is between one third and one half of the absolute melting temperature for most
metals. As the temperature and time are furtherextended, grain growth occurs, during which the
stress-free grains grow larger at the expense of the disappearing small grains.
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fig 11 A microscopic view of the stages that a cold-worked metal, such as an orthodontic
wire, goes through when subjected to prolonged heating. The higher the temperature and the
greater the cold working, the more quickly the transitions occur. This figure shows
recrystallization being completed in 1 hour, which means the temperature of heating was the
recrystallization temperature as per the definition. The changes in properties can be
comparedwith the structural changes. (From Jastrzebski, 1959. Reprinted with permission.)
The residual stress heat treatment relaxes the internal stress, which maycause warpage over
time. The chance of corrosion related to residual stress differences on the metal surface are
reduced. Recrystallization heat treatment lowers the yield stress and increases the ductility.
Grain growth further reducesyield stress and increases ductility yield stress. When soldering a
cold-worked wire in which a high yield stress is desired (e.g., a partial denture wire clasp or an
orthodontic appliance), a low-melting solder and a short soldering time are desirable to
minimize recrystallization and grain growth.

PHYSICAL PROPERTIES OF METALS10
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STRESS
Stress is the force (F) divided by the cross-sectional area (A):
a=F/A

where o is the stress F is the force and A is the cross sectional area The basic types of stresses
produced in dental structures under a force are tensile, compressive, and shear. All three are
present in a beam loaded in the center. If the value of these stresses exceeds the strength of the
material, thestructure will fail. Itis therefore important to know the strength values of materials.

It is rare that an object will be subject to the pure tensile, compressive, or shearstresses
experienced by test specimens in a materials testing laboratory.

STRAIN

When a block of material is subjected to a tensile stress as described in the preceding section, it
temporarily becomes longer by a certain amount. This temporary increase in length is called
strain.

ELASTICITY

Both stress and strain are directly proportional to the load applied when the cross- sectional area
is kept the same. Hence, if the load is doubled, both the stress and the strain likewise will be
doubled. It can be seen that the ratio between stress and strain is the same, thus:

o/e = 20/2¢ = 3a/3¢e, where a is the stress and ¢ is the strain
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The property of having a constant ratio of stress to strain is called elasticity, and the constant that
is the ratio of stress to strain is called the modulus of elasticity.

The highest stress at which stress is proportional to strain is called the elastic limit, orthe
proportional limit. Because this stress is difficult to determine precisely, as it would entail
looking for an infinitely small deviation from proportionality, it iscustomary to designate a
certain permanent deformation or offset (usually 0.002, or 0.2%) and to report the yield
strength of the material at this strain. Thus the terms "elastic limit" and "proportional limit"
are synonymous, whereas "yield strength™ has a slightly different meaning. The vyield
strength of a material is always slightly higher than the elastic limit.

If a material continues to have more and more weight applied to it, it will of course eventually
break. If the material is being stretched (tensile loading), the stress at breakage is called the
ultimate tensile strength (UTS). When many metals are stressed above their proportional limits,
they undergo a process called work hardening, and actually become stronger and harder. But
with the increased strength provided by work hardening comes increased brittleness. It is thus
very important to avoid overdoing it when bending a wire or a partial denture clasp-too much
bending of the metal back and forth will make it harder and more brittle.

PLASTICITY

When the elastic or proportional limit is exceeded in a material, it is said to exhibit plastic
behavior. (The term "plastic” means "moldable,” but the term has come to be associated with
polymers.) Materials that experience a large amount of plastic behavior or permanent
deformation are said to be ductile. Materials that undergolittle or no plastic behavior are said
to be brittle.

The highest stress achieved during this process is called the ultimate tensile strength of the
material. The total strain at fracture (elastic strain + plastic strain) is called the elongation.
Elongation of metals is important in several situations in dentistry. Whenone is burnishing the
margin of a crown, the property that most comes into play is theelongation, although the yield
strength is also important. For example, gold alloys aregenerally easy to burnish because they
have lower yield strength. Nickel-chromium and cobalt-chromium alloys may have adequate
elongation for burnishing, but their yield strengths are so high that they make burnishing
difficult. Another example of the importance of elongation is the bending of a partial denture
clasp to adjust the retention.

The entire area under the stress-strain curve is a measure of the energy required to fracture the
material, or its toughness. The area under only the elastic

region of the stress strain curve is a measure of the ability of the material to store elastic
energy (the way a compressed spring does). This is called the resilience ofthe material.
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FATIGUE

When materials are subjected to cycles of loading and unloading, as during mastication, they

may fail due to fatigue at stresses below the ultimate tensilestrength. Usually, small cracks at the

surface or within the material gradually grow larger upon cycling, and eventually the material

fails.

VISCOUS FLOW

Many dental materials are in a fluid state when they are formed, and viscous flow phenomena are

important considerations. Our understanding of the behavior of impression materials and

amalgam involve viscoelastic phenomena. When shear stress strain rate (flow rate) plots are
= obtained, they enable viscous materials to be classified in several ways. A Newtonian fluid

shows a constant viscosity, which is independent of strain rate:

O=a/e

where n_is the viscosity in poise, a is the shear stress acting on the fluid, and

g is the strain, or flow rate.

Actual fluids differ from these in their flow responses to the level of stress applied. Plastic fluids

(e.g., putty) don't flow at all until a minimum stress is applied. Pseudo plastic fluids (e.g.,
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fluoride gels) show an instantaneous decreasein apparent viscosityor consistency (become more
free-flowing) with increasing shear rate. Dilatants fluids (e.g., fluid denture base resins) show an
increase in rigidity as more pressure isapplied. Thixotropic fluids (e.g., fluoride gels, house
paints) flow more freely when vibrated, shaken, or stirred than if allowed to sit undisturbed.
Formulation of the various suspensions and gels used in dentistry to impart one or more of these
properties can make them easier to handle. For example, impression materials that do not run off
impression trays but are less viscous under pressure in a syringe have a definite advantage.

HARDNESS

The resistance of a material to indentation or penetration is called hardness. The technical
definition of hardness varies little, if at all, from the familiar definition, with the possible
exception that the technical definition carries with it the connotation of a method of
measurement. Most of the methods for measuring hardness consist of making a dent in the
surface of a material with a specified force in a controlled and reproducible manner and
measuring the size of the dent.

. BRINELL HARDNESS NUMBER (BHN)

The indenter for the Brinell hardness test is a small, hardened steel ball, which is forced into the
surface of a material under a specified load. This indentation process leaves a round dent in the
material, and hardness is determined by measuring the diameter of the dent.

= VICKERS HARDNESS NUMBER (VHN) OR

DIAMONDPYRAMID HARDNESS (DPH)

The Vickers hardness indenter is a square, pyramid-shaped diamond, which leavesa square,
diamond-shaped indentation in the surface of the material being tested. Hardness is determined
by measuring the diagonals of the square and taking the average of the two dimensions. The
Vickers hardness test is also called the diamondpyramid hardness test. The Brinell and Vickers
hardness tests are both used to measure the hardness of dental alloys, and hardness values on
alloy packages are expressed in either Vickers or Brinell hardness numbers. To compare Vickers
and Brinell numbers, use the following relationship:

VHN =1.05 x BHN
where VHN is the Vickers hardness number and BHN is Brinell hardnessnumber.

KNOOP HARDNESS (KHN)

The indenter for the Knoop hardness test is also made of a diamond, but its outlineis somewhat
different from the Vickers indenter; although it is diamond shaped, one diagonal is much longer
than the other. Only the long diagonal is measured to determine the Knoop hardness number.
The Rockwell hardness test is used primarily for determining the hardness of steels and is the
most widely used hardness test in the United States. The Vickers, Brinell, and Knoop
hardness testsare more commonly used for dental materials, however. Rockwell uses different
hardened steel balls or diamond cones and different loads. Each combination formsa specific
Rockwell scale (A, B, and C scales are the most common). The different scales are used for
materials of different hardness ranges.

SHORE A DUROMETER
The Shore A hardness test is used to measure the hardness of rubbers and soft plastics. The Shore
A scale is between 0 and 100 units, with complete penetration of the material by the indenter

Eur. Chem. Bull. 2023, 12(Special Issue 8),4400-4450 4427



Metals in Prosthodontics: A Review

yielding a value of 0, and no penetration yielding a value of 100.

ELECTRICAL AND ELECTROCHEMICAL PROPERTIES

ELECTRODE POTENTIALS

An electrochemical series is a listing of elements according to their tendency togain or lose
electrons in solution. The series is referenced versus the potential ofa standard hydrogen
electrode, which is arbitrarily assigned a value of 0.000 volts.If the elements are listed according
to the tendency of their atoms to lose electrons, thepotentials are termed oxidation potentials. If
they are listed according to the tendency of their ions to gain electrons, the potentials are termed

reduction potentials. Reduction potentials at 250C and 1 atmosphere of pressure are termed

standard electrode potentials.

Standard electrode potentials

Half-reaction EO (volts)
Li++e=Li -3.04
K++e=K -2.93
Ca2++ 2e = Ca -2.87
Na+ + e = Na -2.71
Mg2+ + 2e = Mg -2.37
AlI3+ + 3e = Al -1.662
Zn2++ 2e = Zn -0.762
Cr3++ 3e=Cr -0.744
Fe2+ + 2e = Fe -0.447
Ni2+ + 2e = Ni -0.257
Sn2+ + 2e = Sn -0.1375
Pb2+ + 2e = Pb -0.1262
Fe3++3e=Fe -0.037
H++e=H 0.000 (reference)
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Cu2+ + 2e = Cu +0.342

Cu++e=Cu +0.521

Ag+ +e=Ag +0.800

Hg2++2e=Hg  [+0.851

Pt2+ + 2e = Pt +1.118

Au+ +e=Au +1.692

Metals with a large positive electrode potential, such as platinum and gold, are more resistant to
oxidation and corrosion in the oral cavity. If there is a large difference between the electrode
potentials of two metals in contact with the same solution, suchas between gold and aluminum,
an electrolytic cell may develop. If this occurs in the mouth, the patient may experience
discomfort. The exact nature of tarnish andcorrosion of restorative materials in vivo is extremely
complex and involves much more than electrode potentials of materials. A possible source of the
corrosion of gold alloys is accidental contamination of the surface with copper during pickling,
and subsequent tarnishing in saliva

=i Sulphuncond Al anode l_j': coﬁ]locle
e contam#»g dissol : & g (+,
R copper om previous - - - -..:
== C r cie 3
podung opemhcns By e, ﬁ(:g?ﬁc x
== '__:- B < pickli opero |ons v

Fig 13 Accidental plating of copper during pickling of gold casting. The model of the cell
isformed by iron tongs and gold alloy (right). (From O'Brien, 1962. Reprinted with permission.)

ELECTRICAL RESISTIVITY

Electrical resistivity measures the resistance of a material to the flow of an electrical current.
The relationship between the resistance (R) in ohms, the resistivity (p), the length (I), and the
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cross-sectional area (A) is as follows:

R=p(/A)

where R is the resistance ,p is the resistivity ,lI is the length and A is the crosssectional area.
Electrical resistivity of several materials

Material. Resistivity (ohm-cm)

Copper 1.7 x10°6
Sio2 (glass) > 1014

Human enamel ~4 x 105
Human dentin ~3x 104
Zinc phosphate 2 x 10°
Zinc oxide-eugenol 5 x109

The low resistivity of metallic restorative materials is responsible for discomfort to the pulp if
dissimilar metals generate a voltage. The insulating properties of cements help to reduce this
problem.

THERMAL PROPERTIES

Heat flow through a material

Metals tend to be good conductors of heat, and this property must be taken into consideration
when placing metallic restorations. Dentin is a thermal insulator (poor conductor of heat); thus,
when a sufficient thickness of dentin is present, the patient feels no sensitivity to heat and cold
through a metallic restoration. However, when only a thin layer of dentin remains, some thermal
protection mustbe provided forthe pulp. A good rule of thumb in determining the thickness of
cement base necessary in a given situation is to visualize how much dentin would have to be
present in the excavation site so no base would be necessary and then to apply base up to this
level. The rate at which heat flows through a material is expressed as thermal conductivity or
thermal diffusivity. The difference between these two terms is described in the following
subsections.

Thermal conductivity
Thermal conductivity (K) is a measure of the speed at which heat travels (in caloriesper second)
through a given thickness of material (1 cm), when one side of the material is maintained at a

constant temperature that is 10c higher than the other side. Thermal conductivity is

expressed in units of cal/cm .sec. Oc,

Thermal diffusivity

Whereas thermal conductivity gives an idea of the relative rates at which heat flows through
various materials, it fails to take into account the fact that various materials require different
amounts of heat (calories) to raise their temperatures an equal amount.

For example, 1 gram of water requires 1.000 calorie to raise its temperature 1OC, whereas 1
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gram of dentin requires only 0.28 calorie, and 1 gram of gold requires only

0.031 calorie to produce a 19¢ temperature increase. Thus, thermal conductivity alone will not
tell us, for instance, how rapidly the interior surface under a crown will heat up when the
exterior surface is heated. To know how quickly the interior of thecrown will approach the
temperature of the exterior, we need to know the thermal diffusivity of the alloy. The thermal
diffusivity (h) of a material (expressed in units of mm2/sec) is dependent on its thermal
conductivity, heat capacity (Cp), and density:

h=k/(Cp x p)

where h is the thermal diffusivity k is the thermal conductivity Cp is the heatcapacity and p is
the resistivity

E
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Fig 14 Thermal diffusivities of restorative materials
Thermal expansion

There are several situations in dentistry in which the thermal expansion of materials is important.
Some restorative materials have coefficients of thermal expansion that are markedly different
_from tooth structure. In such cases, temperature fluctuations that occur in the mouth can cause
percolation at the tooth-restoration interface as the restoration contracts and expands. The
porcelain and metal in a porcelain-fused-to-metal (PFM) restoration must contract at the same
rate upon cooling from the porcelain firing temperature if the buildup of large residual
stresses is to be avoided. The cooling of a denture base from the processing temperature to room
temperature is primarily responsible for the processing shrinkage that occurs. The thermal
expansion behavior of dental wax, gold alloy, investment, and so on is all important in producing
properly fitting castings.
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Fig 15 Relative thermal expansions of several restorative materials and tooth structure.
The relative amounts the materials expand when heated the same amount are represented by the
dashed lines. The amount of expansion is magnified to make it visible for comparison of the
materials.

TARNISH AND CORROSION BEHAVIOUROF DENTAL GOLD ALLOYS

Tarnish

Tarnish is defined as a surface discoloration or decrease in luster of an alloyrestoration which
may be due to the formation of a surface product. Long term alloy immersion in a solution
“which simulates mouth conditions provides the surest in vitro procedure to predict clinical
behavior of the alloy. However, accelerated immersion tests are preferred by alloy developers
and by investigators for testing compliance with specifications, but such tests must be proven to
predict long term and ultimately, clinical behavior. Several synthetic saliva solutions, as well as
aggressive solutions have been used in attempts to identify in accelerated tests the conditions
under which an alloy tarnishes. Since chlorides are present in saliva and certain foods such as
fish and eggs have high sulphur content, both chloride and sulphide solutions are commonly
chosen as immersion test media.

Dental alloys have thus been subjected to immersion tests in various sulphide, chloride, and
artificial saliva solutions. Tarnishing occurs primarily in sulphide solutions and the tarnish has
been identified as a sulphide of silver. Ranking of alloys in terms of susceptibility to such
tarnishing has been recorded both subjectively, by comparing color changes visually with a pre-
established scale of color variation, and quantitatively, using a colorimeter or spectrophotometer.
9
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Corrosion

Corrosion involves a reaction between a material and its environment, resulting in the
deterioration of the former. Dental alloys which are placed in the oral environment may be
affected by electrochemical corrosion processes. Thus, in vitro corrosion behavior can be
predicted from results of electrochemical testing. Potentiodynamic anodic polarization is an
electrochemical technique whichcharacterizes corrosion behavior and for low gold content alloys
it has been successfully applied to relating resistance to corrosion with composition. In this
technique, specimens are scanned through a range of applied potentials ,and the current
output which is proportional to the extent of corrosion is monitored .during

forward scanning in the anodic direction, the samples are oxidized ;during reverse scanning ,they

are reduced .9

The current-potential relationship for low gold content alloys has been found to exhibit
shysteresis when samples are successively polarized from —200 to +400 mV during forward
scanning and from +400 to — 200 mV during reverse scanning in a 1 per cent sodium chloride
solution as the electrolyte . Although the alloys tested differed in noble metal contents, their
corrosion potentials (where the current reverses polarity) and magnitude of current density at
any potential, did not differ significantly during forward scanning, that is, their corrosion
behavior was indistinguishable. Also, their breakdown potentials (zero current potential during
reverse scanning) were similar. However, during reverse scanning, current density peaks were
observed around 0 mV. These peaks were interpreted as being due to thereduction of silver, the
major corrodible element in these alloys.

A minor contribution to corrosion, stemming from the presence of copper, was recorded. The
relative magnitude of these current density peaks, which is proportional to the extent of
corrosion, was used to rank the corrosion resistance of the alloys. As the gold + PGM content of
dental alloys is decreased, the silver content is normally increased. Corrosion susceptibility, as
determined by the relative current density peak magnitudes was found to correlate with the
silver content of the alloys studied. Current density peaks of decreasing magnitude were recorded
as alloys of decreasing silver content were tested.

A systematic study of binary, ternary and commercial dental gold alloys confirmed that the
current density peak at 0 mV during reverse scanning is characteristic of gold alloys containing
corrodible silver. Binary gold-silver alloys were studied by an electrochemical hysteresis
technique similar to that described above. When the silver content of the alloys was decreased
from 65 to 15 atomic per cent, the peak observed in the silver-rich alloys was totally suppressed.
For binary gold-copper alloys, a current density peak which occurred at —125 mV during forward
scanning was attributed to the formation of cuprous chloride (CuCl). When gold-silver- copper
ternary alloys were examined, current density peaks were found at potentialswhich indicated that
both silver and copper were involved in the corrosion process. The corrosion behavior of
commercial gold alloys having varying noble metal contents was characterized on the basis of
current density peaks associated with reactions involving copper and silver. The extent to
which a silver-rich second phase was present in these alloy had asecondary effect on their

corrosion resistance .9
Corrosion in gold alloys occurs primarily in silver rich regions and secondarily in copper rich
regions .galvanic microcells form on two phase alloys, where the more active phase corrodes
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with respect to the noble matrix. Consequently, the microstructure of an alloy can have an added
influence on its corrosion resistance. Ina study to examine the effect of casting investment
temperature on the microstructure and corrosion characteristics of low gold content dental alloys

the rateof cooling was varied by using moulds at 7000C and 20°C. Even rapid cooling
resulted in a two-phase structure, but with a fine grain size anda minor proportion of second
phase. Potentiodynamic polarization measurements were made on the resulting castings. The
magnitudes of the current density peaks, corresponding to copper and silver corrosion processes,
were greater for alloys cast into investment at a higher temperature. Therefore, such alloys
corroded to a greater extent. These results are indicative of the importance of the microstructure
for the corrosion behavior of an alloy, especially of the detrimental effects of alarge grain

size andof a coarse second phase.9

BIOCOMPATIBILITY — DEFINITION, TESTING ANDSTANDARDS 8

Besides functional performance and aesthetics, biocompatibility is a third important requirement
for dental restorative materials. Where dental restorationsare based on the use of different alloys,
There 15 the obvious potential for oral polymetallism. Indeed, two alloys of different composition
shave different electrochemical potentials, and inevitably induce corrosion, with the subsequent
release of metal ionsinto the tissue. The ion release from metallic prostheses and implants is the
main cause of any unwanted primary and secondary reactions in the human body. This
phenomenon may lead to the deterioration of dental devices, and in the worst case, may cause
prosthesis failure or fracture. For several years, research teams have been attempting to
find a correlationbetween the corrosion behavior and the cytotoxic effects of dental alloys.
However, it is reasonable to state that the relationships between corrosion, the released corrosion
products and the cytotoxic response have not yet been clearly established.

Different ions are released at different rates from the alloy: gold, indium andpalladium do not
dissolve in commonly used cell culture media, whereas silver, copper, gallium, nickel and zinc
are dissolved after a defined period under identical experimental conditions. However, gold and
platinum show no dissolution in artificial saliva, but other ions especially indium, copper, zinc,
gallium, cobalt, and nickel, are detected. The dissolution behavior of alloys can be different
under other experimental conditions and it is generally recognized that the nature, rather than
the quantity of released corrosion products, is important for cytocompatibility.

To predict the biocompatible properties of a material, it is necessary to obtain information about
dissolution behavior, cytotoxicity and, with regard to metals and alloys in the mouth, data about
electrochemical potentials. A large number of tests have been developed with this aim in mind
and elements of them are defined in standards which must be met in order to confirm to the EU
Directive 93/42/EWG. Historically, immersion tests have been commonly used to detect the
release of metal ions in a solution of artificial saliva. This in vitro test is intendedto simulate the
type of corrosion occurring in the human mouth. The artificial saliva consistsof deonized water
containing lactic acid and sodium chloride with a pH of 2.3.

Cast specimens of the alloy to be tested are suspended in glass containers with the artificial
saliva. After 7 days the solutions are analyzed for all elements originally contained in the alloy.
Discoloration on oral metallic restorations can occur either from inhomogeneous alloys, surface
porosities or if different alloys with different electrochemical potentials are joined together.
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Less noble alloys work as an anode whereas higher noble alloys are cathodes with the saliva as
electrolyte. For instance, the cathode deposit of copper and silver discolors the higher noble alloy
as a result of copper and silver sulfide formation.

The immersion test is the mostly commonly used of all standardized and recommended test
methods. A total release of metal ions during the 7 days storage in the corrosion medium should
not exceed 100 pg/cm2, although this limit is not obligatory. It can be seen that high gold alloys
show a moderate ion release, except for a palladium-free alloy with a very high release of zinc
ions. Research suggests that palladium seems to be necessary in gold alloys in order to prevent
corrosion of base metals. This is confirmed by the relatively low ion release from palladium
andsilver/palladium based alloys.

Generally it is found that copper, zinc and indium ions are passing into solution.High gold
alloys have been studied in order to find an alloy resistant to corrosionand it has been found
sthat there are alloys containing 92-93% of gold, 3- 4% of palladium and additional quantities of

platinum, silver and tin that has a total ion release of less than 0.1 ug/cm2 after seven days. In
terms of base metal alloys, large differences in metal ion release have been observed. While
pure titanium and beryllium-free nickel base alloys show very acceptable results, a considerable
release of cobalt ions from cobalt-base alloys is found.

Extremely high corrosion occurs in beryllium containing nickel-based alloys, and much more in
copper based alloys, which can never be recommended for use in the oral environment.
Discoloration of a dental alloy is not only due to anelectrochemical reaction. It can be caused by
a chemical reaction on the surface of the alloy, if a surplus of metals reacting with sulphur and
oxygen, e.g. silver and copper are present. Discoloration is only minimized if the total
quantity of goldand PGM’s present in the alloy exceeds 60%.

Metals and alloys in the human mouth possess electrochemical potentials in saliva.
Electrochemical tests are carried out by measuring the electrochemical potential ofan alloy
against a reference electrode of saturated calomel. Electrochemical potentials in the mouth can
be measured between two different alloys or between a metallic restoration and a gold cube as a
reference electrode placed on the oral mucosa. Low breakdown potentials can lead to corrosion.
Measurements have been performed by anodic polarization in an electrolyte containing 0.9% of
sodium chloride at pH 7.4. The higher the potential, the more noble the metal or alloy. It is
obvious that the content of gold in an alloy plays the most important role, i.e. the higher the gold
content, the higher the breakdown potential. A general guideline is that the breakdown potential
should not be less than600 mV. This can be achieved with gold alloys containing more than 40%
of gold. The breakdown potentials of gold/copper alloys are much higher than those of the
palladium/copper alloys at the same content of gold and palladium, respectively.

It is clear that the maximum potential of the gold alloys is reached at 40% gold content. Absolute
numbers of breakdown potentials vary because of different electrolytes. The breakdown
potentials of non-precious alloys are very different,

especially those of nickel based alloys, which show a wide variation. The reason for this is that
non-precious alloys need a passivation layer on their surface in order to avoid corrosion. In
contrast, gold and high gold alloys do not need any passivation, since they are noble by nature.
=10 form a passivation layer, non-precious alloys need a very dense oxide layer with strong
adherence. For cobalt- and nickel-based alloys, the combined chromium and molybdenum
content should be a minimum of 30%. Titanium forms a very strong passivating oxide layer in
oxygen-containing atmospheres, leading to its excellent biocompatibility. Cell proliferation tests,
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according to the previously describedstandards, have been carried out on the alloy groups. The
percentage of proliferation in a 75% elute concentration is calculated as cell activity. There
appears to be a slight correlation to the total release of metal ions, which is more obvious for the
nickel- and copper-based alloys.

In terms of the potential of allergenic reaction of dental alloys, an epidemiological study has
been carried out using patch tests. As a result of these tests a ranking of the estimated “allergenic
potential” has been attempted for the alloy groups . No alloy or group of alloys appears to be
completely free of “allergenic potential”. Except for the nickel group, however, no statistically
significant differences between particular groups have been found. In another series of patch
tests, gold alloys with different contents of nickel and palladium were assessed and the results
compared with the release of nickel and palladium ions.

A correlation was found between allergic reactions of patients and release of nickel ions.
Although no palladium ions have been released in this test, it is consideredthat there is a
cross allergy between nickel and palladium, and that if a patient is allergic to nickel, no
palladium containing material should be incorporated. In a recent study, the technical and
clinical properties of crown materials were compared. It is clear that electroformed crowns
exhibit superior performance over other systems, particularly in terms of biocompatibility and
aesthetics, with porcelain veneered cast gold crowns ranked in second place.

Screening test for metal identification in prosthetic dentistry5

A. Metal identification using the splint-test
The splint-test consists in two steps; sample taking and EDX analysis. A powdery sample is
taken by abrasion of the metallic prosthesis in the patient’s mouth .The metal debris are
then collected and sent to a laboratory equipped withan electron microscope for the analysis of

ithe chemical composition of the clinically used alloys. The splint-test has been routinely and
successfully employed by one of the authors (F. Schmidli) for over 15 years.

B. Metal identification using rapid field tests

In this approach of rapid testing, a powdery sample is taken in the very same way asin the splint-
test. Instead of sending the sample to the laboratory for EDX- analysis, however, the metal
identification is carried out on the spot using specific chemical reactions. To do so, the collected
metal debris first has to be dissolved. For the dissolution, the sample is placed in a test tube (of a
volume of about 5 mL). When adding about 1 mL (5 drops) of hydrochloric acid solution
(concentration 4M), the debris will dissolve within approximately 15 minutes. The use of
specific analytical reactants, each with a high selectivity for either nickel, cobalt, iron or copper ,
then allow the discrimination between non-precious (NiCr, CoCr) and precious metal alloys.
Nickel test

Dimethylglyoxime and rubeanic acid tests are employed for the detection of the presence of
nickel. The two reactants are well known and have been used for a long time in analytical
chemistry. In particular, they are used for the rapid nickel testing of products intended to come
into direct and prolonged contact with the skin according to European Directives on Nickel. For
the present case, a micro haematocrit tube (Brand GMBH, ISO 12772) is used to take 3 micro
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liters of the sample solution and to drop them on an analytical test strip from the “MERCK
Nickel Test” (Merck quanta, art. 1.10006.0001). A further drop of ammoniac of concentration
10% is added. A red coloration of the strip indicates the presence of nickel. Now

dimethylglyoxime also forms colored complexes with the cations of Fe2* (red), pd2* (orange)

and Pt** (yellow).

Therefore, a second test with rubeanic (dithio-oxamide) acid is necessary in order toavoid any
misinterpretation, Again, drop 3 micro liters of the sample solution on an analytical strip and add
this time a drop of saturated ammonium acetate. A dark blue color confirms the presence of
nickel since rubeanic acid does not formcolored complexes with neither iron nor palladium nor
platinum. In consequence, the dental metal is a NiCr alloy if both tests respond with the specific
colors. Note that Vademekum 2 - does not list any precious metal alloy containing

nickel, chromium or cobalt. Given that the later generations of NiCr alloys oftencontain
significant amounts of iron, the detection of this element might be useful.

Iron test

Three micro liters of the sample solution are dropped on an analytical test strip from the
“MERCK Iron Test” (Merck quanta 1.10004.0001). A red color of the complex formed after the
addition of a drop of ammoniac (concentration 10%) indicates the presence of iron. If both the
nickel and iron tests were positive, the metal is identified as a NiCrFe alloy.

Cobalt test

Three micro liters of the sample solution are dropped on a specific analytical test strip from
MERCK (Merck quanta 1.10002. 0001). A green color indicates the presence of cobalt and the
metal is identified as a CoCr alloy. It is worth to notethat the identification of chromium is

more complicated. Dissolved chromium existsin two oxidation states; crt3 & ot The

dissolution of a chromium alloy in hydrochloric acid produces Cr+3, for which no
selective indicator exists inanalytical chemistry.

Copper test

Three micro liters of the sample solution are dropped on a specific analytical test strip from
MERCK (Merck quant® 1.10003.0001). A violet coloration indicates thepresence of copper. If
nickel is detected together with copper, then the metal is identified as a copper base alloy of the
type NPG, Gaudent, Trindium, Orden,Goldent etc. If only copper but no nickel is detected, the
alloy is most probably a precious metal containing copper. A further test would then be
necessary to confirm the precious nature by testing for gold or platinum.

Gold and platinum test

The presence of either gold or platinum can be tested by use of stannous chloride. With gold,
stannous chloride forms the purple of Cassius, a blood-red complex. Platinum ions form a
similar, blazing red complex.

GOLD (AU)’
Pure gold is a soft, malleable, ductile metal that has a rich yellow color with a strong metallic

luster. Although pure gold is the most ductile and malleable of all metals, it is relatively low in
strength. The density of gold depends somewhat on the condition of the metal, whether it is cast,
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rolled, or drawn into wire. Small amounts of impurities have a pronounced effect on the
mechanical properties of gold and its alloys. The presence of less than 0.2% lead causes gold to
be extremely brittle. Mercury in small quantities also has a harmful effect. Therefore, scrap of
other dental alloys, such as technique alloy or other base-metal alloys, including amalgam,
should not be mixed with gold used for dental restorations.

Air or water at any temperature does not affect or tarnish gold. Gold is not solublein sulfuric,
nitric, or hydrochloric acids. However, it readily dissolves in combinations of nitric and
hydrochloric acids (aqua regia, 18 vol% nitric and 82 vol% hydrochloric acids) to form the
trichloride of gold (AuClI3). It is also dissolved by a few other chemicals, such as
potassium cyanide and solutions of bromine or chlorine. Because gold is nearly as soft as lead, it
must be alloyed with copper, silver, platinum, and other metals to develop the hardness,
durability, and elasticity necessary in dental alloys, coins, and jewelry . Through appropriate
refining and purification, gold with an extremely high degree of purity may be produced. Gold
can be work hardened to improve its physical properties. Without the improvement, cast gold
would lack sufficient strength and hardness.

CARAT AND FINENESS OF GOLD-BASEDALLOYS.7

For many years the gold content of gold containing alloys has been described on thebasis of
the carat, or in terms of fineness, rather than by weight

percentage. The term carat refers only to the gold content of the alloy; a carat represents a 124
part of the whole. Thus 24 carat indicates pure gold. The carat of an alloy is designated by a
small letter k, for example, 18k or 22k gold. The use of the term carat to designate the gold
content of dental alloy is less common now. Itis not unusual to find the weight percentage of
gold listed or to have the alloy described in terms of fineness.

Fineness also refers only to the gold content, and represents the number of parts of gold in each
1000 parts of alloy. Thus 24k gold is the same as 100% goldor 1000 fineness (i.e., 1000 fine).
The fineness represents a precise measure of the gold content of the alloy and is often the
preferred measurement when an exact value isto be listed. An 18k gold would be designated as
750 fine, or, when the decimal system is used, it would be 0.750 fine; this indicates that
750/1000 of the total is gold. Both the whole number and the decimal system are in common use,
especiallyfor noble dental solders. The fineness system is somewhat less relevant todaybecause
of the introduction of alloys that are not gold-based. It is important to emphasize that the terms
carat and fineness refer only to gold content, not noble- metal content.

PLATINUM (Pt)’

Platinum is a bluish white metal; is tough, ductile, and malleable; and can be produced as foil or
fine-drawn wire. Platinum has hardness similar to that ofcopper. Pure platinum has numerous
applications in dentistry because of its high fusing pointand resistance to oral conditions and
elevated temperatures. Platinum increases the hardness and elastic qualities of gold, and some
dental casting alloys and wires contain quantities of platinum up to 8% combined with other
metals. Platinum tends to lighten the color of yellow gold-based alloys.

Palladium can be combined with gold, silver, copper, cobalt, tin, indium, or gallium for dental
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alloys. Alloys are readily formed between gold and palladium, and palladium quantities of as
low as 5% by weight have a pronounced effect on whitening yellow gold-based alloys.
Palladium-gold alloys with a palladium contentof 10% or more by weight are white. Alloys of
palladium and the other elements previously mentioned are available as substitutes for yellow-
gold alloys, and the mechanical properties of the palladium-based alloys may be as good as or
better than many traditional gold-based alloys. Although many of the palladium- based alloys
are white, some, such as palladium-indium-silver alloys, are yellow.

IRIDIUM (Ir), RUTHENIUM (Ru), AND RHODIUM (Rh)7

Iridium and ruthenium are used in small amounts in dental alloys as grain refiners to keep the
grain size small. A small grain size is desirable because it improves the mechanical properties
aft-ttformity-of properteswithin an alloy. As little as 0.005% (50 ppm) of iridium is effective
in reducing the grain size. Ruthenium has a similar effect. The grain-refining properties of these
elements are largely due to their extremely high melting points. Iridium melts at 2410° C and
ruthenium at 2310° C. Thus these elements do not melt during the casting of the alloy and serve
as nucleating centers for the melt as it cools, resulting in a fine-

grained alloy. Rhodium also has a high melting point (1966° C) and has been used in alloys with
platinum to form wire for thermocouples. These thermocouples help measure the temperature in
porcelain furnaces used to make dental restorations.

SILVER (Ag)’

Silver is a malleable, ductile white metal. It is the best-known conductor of heat and electricity
and is stronger and harder than gold but softer than copper. At 961.9° C, the melting point of
silver is below the melting points of both copper and gold. It is unaltered in clean, dry air at any
temperature, but combines with sulfur, chlorine, phosphorus, and vapors containing these
elements or their compounds. Foods containing sulfur compounds cause severe tarnish on silver,
and for this reason silveris not considered a noble metal in dentistry.

Pure silver is not used in dental restorations because of the black sulfide that forms on the metal
in the mouth. Adding small amounts of palladium to silver- containing alloys prevents the rapid
corrosion of such alloys in the oral environment. Silver forms a series of solid solutions with
palladium and gold, andis therefore common in gold- and palladium-based dental alloys. In
gold-based alloys, silver is effective in neutralizing the reddish color of alloys containing
appreciable quantities of copper. Silver also hardens the gold-based alloys via a solid-solution
hardening mechanism. In palladium-based alloys, silver is important in developing the white
color of the alloy. Although silver is soluble in palladium, the addition of other elements to these
alloys, such as copper or indium, may cause the formation of multiple phases and increased
corrosion.

COPPER (Cu)’

Copper—s—amatteable and ductile metal with high thermal and electrical conductivity and a
characteristic red color. Copper forms a series of solid solutions with both gold and palladium
and is therefore an important component of noble dental alloys. When added to gold-based
alloys, copper imparts a reddish color to the gold and hardensthe alloy via a solid-solution or
ordered solution mechanism. The presence of copper in gold based alloys in quantities between
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approximately 40% and 88% by weight allows the formation of an ordered phase. Copper is also
commonly used in palladium- based alloys, where it can be used to reduce the melting point and
strengthen the alloy through solid-solution hardening and formation of ordered phases when Cu
is between 15 and 55 wt%. The ratio of silver and copper must be carefully balanced in gold- and
palladium-based alloys, because silver and copper are not miscible. Copper is also a common
component of most hard dental solders.

ZINC (zn)!

Zinets—abiue=white metal with a tendency to tarnish in moist air. In its pure form, it is a soft,
brittle metal with low strength. When heated in air, zinc oxidizes readily to form a white oxide of
relatively low density. This oxidizing property is exploited in dental alloys. Although zinc may
be present in quantities of only 1% to 2% by weight, it acts as a scavenger of oxygen when the
alloy is melted. Thus zinc is referred to as a deoxidizing agent. Because of its low density, the
resulting zinc oxidelags behind the denser molten mass during casting and is therefore excluded
from thecasting. If too much zinc is present, it will markedly increase the brittleness of the alloy.

INDIUM (In)’

Imdiom—s—a—soft—gray-white metal with a low melting point of 156.6° C. Indium isnot
tarnished by air or water. It is used in some gold-based alloys as a replacementfor zinc and is
a common minor component of some noble ceramic dental alloys. Recently, indium has been
used in greater amounts (up to 30% by weight) to impart ayellow color to palladium silver
alloys.

TIN (Sn)’

Fats-atustrous, soft, white metal that is not subject to tarnish in normal air. Some gold-based
alloys contain limited quantities of tin, usually less than 5% by weight. Tin is also an ingredient
in gold based dental solders. It combines with platinum and palladium to produce a hardening
effect, but also increases brittleness.

GALLIUM (Ga)’

Geatitmts-agraytshrmetal that is stable in dry air but tarnishes in moist air. It has a very low
melting point of 29.8° C and a density of only 5.91 g/cm3. Gallium is not used in its pure form in
dentistry, but is used as a component of some gold- and palladium based dental alloys, especially
ceramic alloys. The oxides of gallium are important to the bonding of the ceramic to the metal.

NICKEL (Ni)’

Nickel has limited application in gold- and palladium- based dental alloys, but is a common
component in non noble dental alloys. Nickel has a melting point of 1453°C and a density of
8.91 g/cm3. When used in small quantities in gold- based alloys, nickel whitens the alloy and
increases its strength and hardness.
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TITANIUM: A MIRACLE METAL IN DEEIIISIBIZ6

The use of titanium and titanium alloys for medical and dental applications has increased
dramatically in recent years. Titanium (pronounced /tai’ teiniem) wasdiscovered in England by
William Gregor in 1791 and named by Martin Heinrich Klaproth for the Titans of Greek
mythology. Titanium is a chemical element with the symbol Ti and atomic number 22.
Sometimes called the “space age metal”. It is a light, strong, lustrous, naturally corrosion-
resistant (including to sea water and chlorine) transition metal with a grayish color. This metal

has a high melting pointat around 1,700 0C; one of the highest melting points of any known
metal. Many of titanium’s physical and mechanical propertiecs make it desirable as a material for
implants and prostheses.

Today, titanium and titanium alloys are used in so many biomedical applications; Cp titanium is
used for dental implants, surface coatings, and more recently for crown, partial and complete
dentures, and orthodontic wires. Several titanium alloys are alsoused. Wrought alloys of Ti with
Ni and Ti with Molybdenum are used for orthodontic wires. The term titanium is often used to
include all types of pure and alloyed titanium.

Commercially pure Titanium (Cp Ti)

Cp Titanium is available in four grades. The main differences among them is the concentration
of the oxygen (0.18 to 0.40 wt %) and iron (0.20 to 0.50 wt %). These slight differences in
concentration have a substantial effect on physical and mechanical properties.

Titanium alloys Pure titanium undergoes a transition from a hexagonal close packed structure

(alpha phase) to a body centered cubic structure (beta phase) at 883 Oc. 1t remains in this
crystallographic structure until melting at 16720C. Elements such as Al, Ga, and Sn, with the
interstitial elements (C, O, and N) stabilize alpha phase, resulting in alpha titanium alloy. On the
other hand, elements such as V, Nb, Ta, and Mo, stabilize the beta phase. Titanium can be
alloyed with various elements to change its characteristics, primarily to improve the physical and
mechanical properties, such as strength, high temperature performance, creep resistance,
weldability, response to ageing heat treatments, and formability.

Alloying elements can be added to stabilize one or the other of these phases by eitherraising
or lowering the transition temperatures. Alloying elements are added to stabilize either
alpha or beta phase, by changing beta transformation temperature. Forexample, in Ti-6Al-
4V, aluminum is as alpha stabilizer, which expands alpha phase field by increasing the
(alpha+ beta ) to beta -transformation temperature, where as vanadium, as well as copper
and palladium, are beta stabilizers, which expand the beta phase by decreasing the (alpha+
beta) to beta- transformation temperature . ASTM International (the American Society for
Testing and Materials) recognizes four grades of commercially pure titanium (Cp Ti), or
Ti, and three titanium alloys (Ti-6Al-4V, Ti-6Al-4V Extra Low Interstitial [low
components] and Ti-Al-Nb). The most widely used titanium alloy is the Ti- 6Al-4V alpha-
beta alloy. Applied Physical Properties

Biocompatibility & Osseo integration

Among all the other properties of titanium, the excellent biocompatibility is the most practical
aspect for the application in dentistry. This useful biological property of titanium is based on
the existence of titanium oxide (TiO2) layers, which are naturally formed in oxygen
containing environments. It is also possible to be produced with various artificial techniques,
e.g., anodizing. This metals forms protective surface layers of semi- or nonconductive oxides.
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Because of their isolatingeffect, these oxides are able to prevent to a great extent a flow of ions.
This isolatingeffect is demonstrated by the dielectric constants K of the various metal oxides.
The isolating effect of an oxide layer with a dielectric constant is similar to that of water;
implants of Ti are not recognized by the bone or tissue as foreign body. Because of their large
surface, the primary corrosion products are particularly responsible for organic and inorganic
reactions. These corrosion products have different thermodynamic stability with only a low
reactivity to the proteins of the surrounding tissue.

Biocompatibility depends on mechanical and corrosion/degradation properties of the material,
tissue, and host factors. Biomaterial surface chemistry, topography (roughness), and type of
tissue integration (osseous, fibrous, and mixed) correlate with host response. Biocompatibility of
the implants and its associated structure is important for proper function of the prosthesis in the
mouth. Titanium is relatively inert, corrosion resistance metal because of its thin (approximately
4nm) surface oxide layer. Studies have shown that Titanium readily adsorbs protein like
albumin, laminin, glycosaminoglycans, collagenase, fibronectins, complement proteins,
fibrinogens etc from the biological fluids.

Osseo integration ™ is defined as the apparent direct attachment or connection of osseous tissue
to an inert, alloplastic material without intervening connective tissue. Branemark observed the
fusion of bone with titanium chambers when he had placed them into the femurs of rabbits.
Surface composition, hydrophilicity and roughness are parameters that may play a role in
implant-tissue interaction and osseointegration. Osseo integration firmly anchors the titanium
dental or medical implant into place. Titanium is one of the best metals that allows for
osseointegration because it is absolutely inert in the human body, immune to attack from body
fluids, compatible with the bone growth and strong and flexible. Titanium is the most
biocompatible of all metals the osseointegration rate of titanium dental implants is related to
their composition and surface roughness or application of osteoconductive coatings. Rough-
surfaced implants favor both bone anchoring and biomechanical stability. Surface treatments,
such as titanium plasma-spraying, grit-blasting, acid-etching, anodization or calcium phosphate
coatings can be used.

Toxicity

Pure titanium and Ti—6Al-4V alloy have been mainly used as implant materials. V- free titanium
alloys like Ti-6Al- 7Nb and Ti-5Al-2.5Fe have been then developed because toxicity of V
has been pointed out. Al- and V-free titanium alloys asimplant materials have been
developed. Most of them are, however, a+a type alloys.a type titanium alloys composed of non-
toxic elements like Nb, Ta, Zr, Mo or Sn with lower moduli of elasticity and greater strength has
been developed recently.

Chemical Properties

The oral cavity is subjected to wide changes in the pH and fluctuation in the temperature. The
disintegration of the metal may occur through the action of moisture, atmospheric acid and
alkaline other chemical agents.
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Further it has been reported that water, oxygen, chloride, sulphur corrodes various metal present
in the dental alloys. Corrosion can severely limit the fatigue life and ultimate strength of the
material leading to mechanical failure of the dental materials.

Titanium has excellent corrosion resistance and biocompatibility in biological fluids. The
influence of contaminants and surface treatments of titanium implants (like alumina-blasting,
acid etching, anodization, hydroxyapatite coating,) on osseous integration has been extensively
studied. Many authors have studied the corrosion behavior of commercially pure titanium in
artificial saliva.

All the studies concluded that the titanium corrosion resistance in these media isdue to the
formation of an adherent and highly protective oxide film on its surface which is mainly formed
of TiO2. Titanium is a thermodynamically reactive metal as suggested by its relatively negative
reversible potential in the electrochemical series. It gets readily oxidized during exposure to air
and electrolytes to form oxides, hydrated complexes, and aqueous cationic species. The oxides
and hydrated complexes act as barrier layers between the titanium surface and the surrounding
environment and suppress the subsequent oxidation of titanium across the metal/barrier
layer/solution interface. Even if the barrier layer gets disrupted, it can get reformed very easily,
leading to spontaneous re- passivation.

Clinical significance of corrosion

Resistance to corrosion is critical important for a dental material because corrosion can lead to
roughening of surface, weakening of the restoration and liberation of element from the dental
alloy. Liberation of elements can produce discoloration of adjacent soft tissue and allergic
reactions in susceptible patients. The long term presence of corrosion reaction products and
ongoing corrosion lead to fractures of the alloy-abutment interface, abutment, or implant body.

Strength
Many of titanium’s physical and mechanical properties make it desirable as a material for

implants and prostheses. Certainly, an implant should be designed to be as strong as possible.
Even in everyday activities, you will place high levels of mechanical stress on your bones and
joints. The ideal implant should be able to withstand these stresses day to day for years
without breaking or permanently

changing shape.

An implant should also be designed to withstand the fatigue effect of the accumulation of these
Jepeating stress cycles for an acceptable period of time(service life). The strength and rigidity of
titanium are comparable to those of other noble or high noble alloys commonly used in dentistry.
Titanium also can bealloyed with other metals, such as aluminum, vanadium or iron, to modify
its mechanical properties. The Cp-titanium grades are nominally all alpha phase in structure,
whereas many of the titanium alloys have a two phase alpha + betastructure.

There are also titanium alloys with high alloying additions having an entire beta phase structure,
while alpha alloys cannot be heat treated to increase strength. The mechanical properties of
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(alpha+ beta) titanium alloys are dictated by the amount, size, shape, and morphology of alpha
phase and density of alpha/beta interfaces. Microstructures with a small (< 20um) alpha grain
size, a well dispersed beta phase, and a small alpha /beta interface area such as in equiaxed
microstructures, resist fatigue crack initiation best and have the best high - cycle fatigue strength
(approximately 500 - 700 MPa). Lamellar microstructures have greater alpha/beta surface area
and more oriented colonies; have lower fatigue strengths (approximately 300 — 500 MPa) than
do equiaxed microstructures.

Greger et al in the year 2010 have studied the mechanical properties of ultra-fine grain
titanium and concluded that the strength properties of commercially pure titanium increased
significantly as a result of grain refinement. Ultra-fine grain has higher specific strength
properties than ordinary titanium. Strength of ultra-finegrain varies around 1250 MPa, grain
size around 300 nm. Another important characteristic of titanium- base materials is the reversible
transformation of the crystal structure from alpha (hexagonal close-packed) structure to beta
(body- centered cubic) structure when the temperatures exceed certain level. This allotropic
behavior, which depends on the type and amount of alloy contents, allows complex variations in
microstructure and more diverse strengthening opportunities than thoseof other nonferrous alloys
such as copper or aluminum.

Titanium has a relatively high tensile strength; it takes quite a bit of pressure to pulltitanium
apart. According to Key to Metals, titanium has a tensile strength of between 30,000 and
200,000 Ibs. per square inch. Titanium alloy contains roughly six weight percent of aluminum
and four weight percent of vanadium, which doubles its tensile strength relative to
“commercially-pure titanium, but reduces its ductility. The yield strength (170 — 480 MPa) and
ultimate strength (240 — 550 MPa) varies depending on the grade of titanium.

Shape memory

In the early 1960s, William Buehler along with Frederick Wang at the U.S Naval Ordnance
Laboratory discovered the shape memory effect alloy of nickel and titanium, which can be
considered a breakthrough in the field of shape memory (Buehler et al. 1967). This alloy was
named Nitinol (Nickel-Titanium Naval Ordnance Laboratory) .The first efforts to exploit the
potential of NiTi as an implant material were made by Johnson and Alicandri in 1968
(Castleman et al. 1976).

The use of NiTi for medical applications was first reported in the 1970s [36]. Nitinol [also
known as a shape memory alloy (SMA), smart alloy, memory metal, or musclewire] is an alloy
that “remembers” its shape. Nitinol possess a unique combination ofproperties, including super
elasticity or pseudo elasticity and shape memory, which are very attractive for biomedical
applications. NiTi has been used in orthopedic and orthodontic implants. Their ability to recover
large strains and dissipate mechanical work without macroscopic permanent deformation has
generated significant interest in various field ology.

Among all SMA, titanium nickel (TiNi) is the most important alloy. The unusual properties of
this smart material are derived from the two crystal structures that can be inter-converted by
changes in temperature or pressure. At temperatures between about 0 and 100°C, there are two
important phases or crystal structures of NiTi that can be referred to as the high temperature and
low temperature phase, or as austeniteand martensite, respectively. The austenite phase has the
symmetry ofa cube and is characterized by hardness and rigidity. The wire sample of NiTi can
be bent at room temperature, but will return to its linear shape when heated by hot

air or water as its atoms move in a kind of “atomic ballet.”
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Moreover, the wire can be heated to the much higher temperature (approximately 500°C), where

Jt can be trained to “remember” a new shape. Subsequently, whenthe wire is distorted at
room temperature and heated by hot air or water, it willreturn to this new shape. In dentistry,
the material is used in orthodontics forbrackets and wires connecting the teeth. Once the SMA is
placed in the mouth its temperature raises to ambient body temperature. This causes the Nitinol
to contract back to its original shape applying a constant force to move the teeth. These SMA
wires don’t need to be retightened as often as they can contractas the teeth move unlike
conventional stainless steel wires. Additionally, Nitinol can be used in endodontic, where
Nitinol files are used to clean and shape the root canals duringthe root canal procedure.

Flexibility

While strength characteristics of implants are important, they must also be somewhatflexible to
avoid shielding of bones from stress (“stress shielding”). When stress is applied to a stiff
dental/orthopedic implant, the implant will carry most of the stress and the bone may start to
resorb and may become less dense and weak. On the other hand if stress is applied to a less stiff
or more flexible implant, some of the stress can be shared with the surrounding bone. This will
help to keep the bone active and strong.

Flexibility and elasticity are rivals that of human bone. Titanium’s modulus ofelasticity
and coefficient of thermal expansion matches those of human bone, reducing the potential for
implant failure. When beta alloyed (as with niobium and zirconium); titanium is used for low
modulus application. When alpha beta alloyed (as with titanium) is used for applications
requiring greater modulus, such as bone plates. The modulus (100 GPa) is also about half the
value of other metals. Retentionof a partial denture depends on the amount of undercut engaged
on an abutment toothand the flexibility of the clasp. Flexibility is influenced by clasp length and
the denture base material. Titanium clasps are purported to have greater flexibility than cobalt-
chromium cast clasps which should enable them to engage

deeper undercuts or be used where shorter clasp arms are needed such as onpremolar
teeth.

Density

The density of Cp Ti (4.5 g/cm3) is about half of the value of many of other base metals.
Titanium is lighter than the stainless steel (approximately 56% as dense) yet has a yield
strength twice and ultimate tensile strength almost 25% higher. This gives it a highest
strength —to — weight ratio of any metal suited to medical use.

Non-magnetic

Commercially pure titanium and all the titanium alloys are non magnetic. The physical
difference between ferromagnetic and non- ferromagnetic materials lies in the degree of
magnetization. Titanium is not susceptible to outside interference and won’t trigger metal
detector. Another benefit to titanium for use in medicine is its non-ferromagnetic property,
patients with titanium implants can be safely examined with magnetic resonance imaging
(convenient for long-term implants).

SUMMARY
Metals are used in almost all aspects of dental practice, including the dental laboratory, direct
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and indirect dental restorations, implants, and instruments used to prepare teeth. Metals have
optical, physical, chemical, thermal, and electrical properties that are unique among the basic
types of materials and suitable for many dental applications. Although tooth-colored materials
are often desired for restorations, metals provide strength, stiffness, and longevity for long-term
dental applications that are often not achievable with other classes of materials. Evidence inthe

scientific literature of clinical performance is the most extensive for this material class.”

Metals are ductile and malleable and therefore exhibit elastic and plastic behavior; they are good
electrical and thermal conductors, higher in density than other classes, exhibit good toughness,
are opaque, and can be polished to a luster. Metals may be cast, drawn, or machined to create
dental restorations and instruments 7

The twentieth century generated substantially new changes to dental prostheticmaterials.
The major factors that are driving new developments are

(1) Economy-the new material performs the same function as the old material but at a lower
cost;

Performance the new material performs better than the old product in some desirable way, such
as ease of processing, improved handling characteristics, or increased fracture resistance; and
(3) Aesthetics-the new material provides a more aesthetic result, such as increased translucency
The metals in dental casting alloy classification is useful for estimating the relative cost of alloy,
because the cost is dependent on the noble metal content as well as on the alloy density It is also
useful for identification of the billing code that is used for insurance reimbursement. Because
insurance companies may pay more for high noble than for noble alloys or predominantly base
metal alloys, it is important for dentists to correctly identify the noble metal category of the

alloy they are using.1

The production of dental prostheses made with a core or framework of metal usually involves the
casting of a molten pure metal or an alloy into a refractory mold. The mold is formed around a
wax or plastic pattern of the prosthesis that will be produced from the cast metal. The wax or
plastic is subsequently eliminated at an elevated burnout temperature, and the molten metal is

cast into the mold under centrifugal force.L

Most alloys solidify over a range of temperatures in which solid and liquid phases coexist, rather
than at a single temperature as does a pure metal. The presence of atoms of more than one metal
may also cause certain reactions in the solid state that can not occur with a pure metal; these
reactions directly affect the properties of the alloy. When observed with the optical microscope,

the grains of such alloys may resemble those of pure metals.

Physical properties are based on the laws of mechanics, acoustics, optics, thermodynamics,
electricity, magnetism, radiation, atomic structure, or nuclear phenomena. Hue, value, and
chroma are physical properties that are based on the laws of optics, which is the science that
deals with phenomena of light, vision, and sight. Thermal conductivity and coefficient of
thermal expansion are physical properties that are based on the laws of thermodynamics.1

In most cases corrosion is undesirable. However, in dental practice, a limited amountof corrosion
around the margins of dental amalgam restorations may be beneficial, since the corrosion
products tend to seal the marginal gap and inhibit the ingress of oral fluids and bacteria. Some
metals and alloys are resistant to corrosion because of inherent nobility or the formation of a

protective surface Iayer.1
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For dental restorations, various elements are combined to produce alloys withadequate properties
for dental applications because none of the elements by themselves have properties that are fully
suitable. These alloys may be used for dental restorations as cast alloys or may be manipulated

into wire or other wrought forms.”

The selection of a metal for a cast restoration is ultimately the legal and ethical responsibility of
the practitioner, but this decision often is made by the dental laboratory. Given the
complexities of the decision, its abrogation to the dental laboratory is not surprising. However,
given the long-term consequences of this decision on the oral health of the patient, selection of
casting alloys should be made primarily by the practitioner with consultation from the dental

laboratory. 2

The practitioner often focuses on the cost and color of the alloy as major factors in this decision,
but cost and color are the least important factors in selecting amaterial for a successful
prosthesis. Furthermore, the initial cost of the alloy is often a poor indicator of the overall
long-term cost of the restoration. If the restorationfails because of poor clinical performance
and must be replacing

prematurely, the costs of these repairs (in patient discomfort, time, and money) willfar exceed
the initial savings of using a inferior aIon.2

The selection of a metal in casting alloy is best customized for a particular clinical
situation. The systemic health of the patient should be the first consideration, and the practitioner
should avoid alloys that contain elements to which the patient is hypersensitive. These elements
are most commonly nickel and cobalt, although allergies to palladium and gold have also been
reported. Thecomplete composition of the alloys therefore must be considered by the practitioner
in this regard because even trace elements can elicit reactions through disproportional corrosion
from grain boundaries or secondary phases. The physical requirements of the alloy are also a
primary consideration. For example, if the restoration involves long spans, then an alloy with the

highest modulus of elasticity is advisable, particularly if the prosthesis is porcelain—metal.2

The fit of the restoration depends to a large extent on the ability of the laboratory to manage
casting shrinkage. This issue is most difficult with high- melting alloys. The tensile strength is
important if the restoration involves connectors between multiple units and if these connectors
are narrow gingivo- occlusally because of short clinical crowns, periodontal considerations, or

esthetic requirements. The color of the alloy’s oxide may be important in porcelain—metal

restorations.2

Finally, practitioners should maintain records of the materials that they use for cast restorations
and should give patients this information. The Identalloy system is a convenient means to
maintain good dental records and inform patients. Most manufacturers supply laboratories with
stickers that contain the name and composition of their alloys, and most good laboratories supply
these stickers to the practitioner upon request. Practitioners should use this, or other means, to
maintain records of the materials used. These records are important to help diagnose future
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problems that might occur (biologic reactions or mechanical failures) and are important legal

resources to defend the practitioner in the event of Iitigation.2
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