This  lecture we’ll continue talking about metal alloys .
The American Dental Association classified alloys into :
1. High noble alloys . This group of alloys has a composition that is over 60% noble metal (gold, palladium and/or platinum), of which more than 40% must be gold. Debate regarding silver is still ongoing . Pricewise , it could be considered noble , while if looking at its reactivity , it’s not .
2. Noble alloys . These alloys have a noble metal content that is, at minimum, over 25%.
3. Base metal alloys in which noble elements content does not exceed 25% .

Another descriptive classification is according to the fusion temperature ( the temperature at which the metal melts ) , accordingly , alloys are classified into : 
1. High fusion alloys 
2. Low fusion alloys .
Further classifications are based on whether the alloy is used alone to construct the restoration , or fused to porcelain . 
Although metal crowns are not very common in Jordan , they are nonetheless used . 
The ADA did a survey some time ago in which it asks dentists about the crown they preferred to use for their patients . Most of the dentists stated that they preferred ceramo-metal crowns . 70 % of these dentists , however, stated that they preferred gold crowns if they were to restore their own teeth . So clearly there is a paradigm shift in dentistry regarding cosmetics .

GOLD 
Historically , gold was used as direct restorative material . This is no longer applied since appropriate alternatives are available . In addition , the cost of the 2-3 g of gold needed , makes this application unpractical . Even regarding indirect restorations , gold crowns are not so common nowadays .
Gold is soft , malleable and ductile if used alone . It could tolerate relatively high forces, but it is not the metal of choice if high occlusal forces are expected , so generally , it is considered of low strength .
It is tarnish resistant . Once polished , it maintains its polished surface . Polished gold ( as well as glazed porcelain ) does not discolor . If a patient had a discolored crowned tooth , most likely the crown contains copper that can tarnish and discolor teeth . 
Gold is not soluble in nitric , sulfuric or hydrochloric acid . It is only soluble in a combination of sulfuric and nitric acid . This combination is called “the royal water” or “ aqua regia” .
The most common problem encountered with gold is the contained impurities . If it is not well refined , these elements could have detrimental effects on the physical properties .

Platinum 
Platinum is a very expensive metal , therefore preventing its effective use a dental material . 
Platinum is malleable and ductile , so along with adequate margin burnishing , it could be well used as a crown .
It has high corrosion resistance , good casting , excellent marginal adaptation , good polishability and no bi-products are produced as with base metal alloys .
Platinum is used to increase the toughness of gold or gold alloys . It also raises the melting temperature of the gold alloy , to make it higher than the melting temperature of porcelain . So that when porcelain is cast at high temperature , the metal core doesn’t melt as well . The metal fusion temperature should be at least 100 degrees higher than that of porcelain .
The prime problem concerning platinum is its high cost , which rose dramatically in the 70s . Therefore , it is not commonly used in Jordan . So manufacturers usually refer to palladium as an alternative .
Palladium needs controlled heating in a special advanced setting , in which H2 gas is eliminated before heat treatment to avoid rapid expansion , as palladium tends to absorb H2 gas .

Silver
Ongoing debate whether it’s noble or not .
Malleable and ductile metal .
Harder than gold . It affects the hardness of alloys , unlike platinum .
Silver does tarnish .
 O2 and H2 gas bubbles could be incorporated into molten metal , which has negative effects on the physical and mechanical properties of the material as we need it to be as compact and solid as possible .

Minor alloying elements 
1. Ruthenium 
2. Iridium 
 Quite expensive 
They are not noble elements since they’re very reactive . They form oxides , hence, these elements , along with others like gallium , are used to allow oxidation of metals , producing an oxide layer that is bondable to the oxide layer present in porcelain , thus making the bond stronger .
They also increase grain number , therefore the size decreases . And as the grains decrease in size , the mechanical properties improve . This process is called grain refining .
They affect several properties of gold but don’t affect the hardness , which is pretty desirable as we need gold to be as compatible as possible by doing minimal  abrasion to tooth structure or to porcelain .

Alloys 
*Au-Ag-Cu-Pd alloy
- Copper is not used with porcelain as it has a greening effect on it , making it quite unesthetic .
- If the alloy contained copper , then it is termed as “yellow” gold , which could be used alone as a restoration . While if it was copper free , the alloy is called “white” gold , which can be used with porcelain . 
These alloys also contain zinc , which is an oxygen scavenger that eliminates O2 , therefore decreases the voids and improves castability .
The addition of Indium and tin alloys plus gallium , leads to oxide formation since gold is an inert metal , leading to better bonding with porcelain 
Silver could cause discoloration of porcelain , if not used in a specific setting .
Some elements are added to achieve grain refining . 
Gallium affects ceramic alloys , to compensate for the decrease in total coefficient of thermal expansion if silver is removed .

*Silver- palladium alloys 
-Could be used as ceramo-metal restorations .
- They contain high amounts of silver , so they could be considered as high noble alloys . If silver is lower than a 60%  , they are considered as noble alloys .
- Neither silver nor palladium can provide enough oxides , so iron or gallium are added to form a reactive oxide layer, that would bond effectively with silicone oxide in porcelain .
Fusion temperature of the alloy should be at least 100 degrees higher than that of porcelain .
*Gold – palladium – silver alloy 
- Sometimes we try to avoid silver alloys , because they tend to cause discoloration and greening of porcelain .
- Palladium tends to absorb H2 gas , making its casting one of the most difficult , along with titanium alloys .
- Nowadays we tend to avoid platinum alloys due to the high cost , plus , the previous metals have easier castability .

*Palladium – silver alloys 
Palladium is present in high percentage .
Could contain gold or not .
Not available in Jordan .
In such alloys , bonding to porcelain depends on whether there are enough amounts of oxides to bond to .

Notes :
· Base metal alloys have a high oxide content  , even though, we can bond them to tooth structure .
· If  the tooth was too tapered ( more than 20 degrees ) or too short , the restoration is retained through adhesive cementation . To achieve this , we do similar steps to what we did in porcelain (HF acid etch , Silane coupling agent …)
· Metal alloys used for resin bonded bridges , are preferred to be of high stiffness . Base metal alloys serve better than gold alloys regarding this matter .
· These metal alloys are sand blasted . Sand blasting frees reactive oxides within the metal . It also increases the surface energy , therefore decreasing surface tension , making bonding easier
· A problem with noble and high noble alloys is that they don’t produce enough oxides , so in order to get that layer of oxides , we do : 
1- Heat treatment if the preparation was short , like inlays .
2- Tin plating .
Research had proven heat treatment to be enough .

Base metal alloys
Most common alloys used in Jordan  
1. Nickel – chromium alloy
2. Cobalt – chromium alloy ( nickel free )

Ceramic bonding to nickel- chromium alloys is better . 
The chief problem with nickel is the common allergic reaction ( 8:1 female to male) . In addition , dark grayish or greenish discoloration of the margin is common . On the other hand , cobalt-chromium alloys have a more neutral and natural color, so darkening around teeth is not obvious .
In Jordan , cobalt-chromium alloys are more expensive considering they’re nickel free . 
If the patient is not allergic , nickel-chromium alloys are more preferable due to the superior bonding properties . 
Subgingival margins are not preferred when nickel-chromium crowns are used . If the patient had a thin gingival biotype , subgingival discoloration would be so obvious . In addition , if the patient is allergic to nickel , severe gingival sloughing would occur .
In general , we shouldn’t violate the biological width regardless of the material used . Gingival pocketing , recession , or gingival inflammation could otherwise occur . So the higher we go , the better , unless otherwise indicated .

Some dental alloys contain Beryllium , but they have been recently avoided since beryllium is thought to be mutagenic or carcinogenic .
Titanium 
 An excellent dental material as an alloy for implants .
*Commercially pure titanium or commercially pure titanium alloy .
Castability of titanium is difficult , as its alloys need special casting machines , with a high fusion temperature approaching 3000 degrees .
Very difficult to bind to porcelain as their oxides are not compatible . Several clinical trials attempted to achieve an effective bond with no success .

Notes :
· Crowns are among the most important armamentarium used in dentistry , where hundreds of millions are restored every year .
· Properly fabricated crowns should serve between 12-15 years ( composite serves for 5-8 years ) . If the restoration failed within few days and proper occlusion was already checked , then most probably , the manufacturing process was faulty . If the failure occurred after few months or few years , then the occlusal scheme is suspected to be inappropriate .
· Chipping of enamel is rare at the enamel – restoration interface .But failure of the restoration at the metal-ceramic interface happens more commonly .
· 3-4 grams of gold are needed to fabricate a crown .

Oxides alone are not sufficient to achieve adequate bonding between metal and porcelain , other methods exist . we are required to know these methods .





Good luck 


