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OXYDES AND PRECIOUS ALLOYS: PROBLEMS INVOLVED  AND EVALUATION OF A  METHOD AIMING AT THEIR ELIMINATION

The choice of  metal alloys for dental purpose has always been conditioned by the fact they are used in an environment as aggressive as the mouth. Alloys based on gold have been preferred definitely, since gold is a highly steady metal that can’t be attacked by other substances easily.

The technical requirements connected to the making of dental prostheses had led metal alloys makers to associate other metals to gold, such as Platinum, substituted by Palladium because less expensive, Silver and also Indium, and even Iron and Brass at different rate; these have the function to give the alloy particular characteristics, such as hardness and colour, the rise of fusion point, the formation  of crystallization cores in order to build up a crystal lattice steady and compact.  Unfortunately the negative side of this is due to the fact that  some metals as Silver or Gallium, but above all Brass and Iron  used in low quality alloys oxidize  a lot during the fusion and the cooling  process; the formation of these oxides takes place  both on the surface and in depth, somewhat hindering  the proper building up of the crystal lattice also during the following thermal treatment. According to the report of a research made on behalf of  C.N.R. published in 1996, September oxides are responsible for the corrosion   through the emission  of  potentially toxic ions  and of electrogalvanic action  causing  electrocorrosion.

Consequentially it’s clear how the presence of oxides on the metal surface of our alloys but above all inside them  is responsible for micro-crackings in the crystal lattice, through which corrosion can be activated even in depth, making the precious metal alloy a micro-porous aid capable to enable the formation of dental plaque, responsible,  in turn, for  the low PH values that enable corrosion through the oxides contained in the metal; to these other particularly dangerous substances such as chlorides and sulphides contained in food  are to  be added, which start “Tarnish” or spot bleaching actions also on high gold rate surfaces, which represents  the expression, although slight,  of an oxidation process.

The use of high gold rate alloys, over 800 thousandths, and strictly proper vacuum-sealed fusion techniques cut these problems down  noticeably but not totally and at rather high cost both on the Odontologist’s side, who demands high quality products, and on the Odontotechnician’s , who buys very expensive materials and makes use of expensive techniques as well. In spite of this no hoped results are achieved.

Actually the presence of “galvanic gold” techniques  has decreased any oxidation action almost to  the lowest  degree, but everybody knows the mechanical limits of this technique. The introduction of Titanium  instead seems to have overcome the limits about the building up of metal structures, both from the point of view of  mechanical load, and of the emission of potentially toxic ions, but if  pure only,   and not alloyed to other metals, as it usually happens instead. 

The use of this metal, though, is not free from troubles because, in spite of its  low cost it requires a complex and expensive fusion and working process, which  often discourage laboratories.

A product has been experimented and tested for some years that, if used with most widespread gold alloys  strictly properly  has shown to solve the problems connected with them. TTSV gel (thermal treatment under glass  layer) is a compound made in laboratory, that is born by experience and knowledge about metals, which have been awarded by the confirmation of its real value when  dealing with gold-based precious alloys. This product acts at the crucial points of the making of a prosthesis structure: that is, the thermal treatment aiming at framing the crystal lattice  of the alloy and the following  stages  of the baking of ceramics on metal. Applying some quantity of this gel on the metal to be treated produces surface  glazing when the structure reaches the  temperature needed by the technical protocol through heating, isolating the metal from air and therefore from oxygen totally, and trapping inside the oxides produced during the fusion  and that are continuously produced in the presence of oxygen. At the end  of this process the vitrified substance gets removed according to the technical protocol enclosed to the product, and the alloy’s  surface looks compact, shining and light.

Research tests have been  commissioned in order to verify the efficacy  of the product used to prevent oxides formation and  its capacity to remove them. Nobil Bio Ricerche have been   entrusted with them, and metal specimens have been sent with 450 thousandths containing  Pd 38,82 - Ag 6.0 - In 1.5 - Ga 1.5  melt the traditional way, some untreated, some TTVS gel treated. Observed by a 1500 magnifying power scansion electronic microscope, the treated alloy’s  surface  has turned out “ to look  much smoother and polished  compared with  the untreated one; to this different morphology a different chemical composition  corresponds: the EDX analysis of the treated specimen  underlines a nearly total absence of Indium,  Gallium and Oxygen (Picture N.1), which are instead largely visible in the analysis of the untreated alloy (Picture N.2)”. 
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Pic.1 Treated Alloy
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Pic.2 Untreated Alloy

“A TTSV gel treatment therefore removes the layer of surface oxides efficaciously “

The absence of oxides has suggested that the alloy, in  that state, undergoes a lower degree of corrosion than untreated  metal  because the electric corrosion phenomena taking place in a saline solution such as saliva  thanks to a oxidation-reduction process ( where  oxidation occurs   at  the cathode/periodontium  and reduction  at the anode/prosthesis  by an emission of potentially toxic metal ions ) can’t take place.

The corrosion test has been made according to what is  pointed out by the 4-15-78 law modified according to ISO regulations. “The  corrosion is shown by electric current (caused by ions emission); by measuring therefore the current going through the metal at a given potential  difference, it is possible to understand if and how far the metal is undergoing corrosion. 

The results underline the fact that an alloy treated by TTSV gel shows a higher resistance to corrosion than the untreated one under  the experimental above mentioned conditions; actually its breaking potential, that is the potential at which a current  increase can be seen is about 100mV  higher than the untreated alloy’s. This corresponds with the higher ‘nobility’  of the treated alloy that doesn’t show the  oxide covering typical of conventional alloys. At welding locations, where oxides concentration is still higher both because of the kind of  metal used, and of the features of the welding substances and of the torch welding technique tending to gather oxygen, the TTSV gel treatment manages to remove them  totally, making the quality of the metal to weld equal to the one of the metal of the welding substance,  solving thus a well known problem. 

The toxicity evaluation has been checked by the micro  analysis of L-29 mouse fibroblasts and by a MTT test locating  the presence of toxic effects by checking a drop in the Succinate Deidrogenasis mitochondrial enzima (SDH) activity. Also in this case the results have been encouraging: the treated alloy’s surface has been colonized homogenously by cells in good metabolic conditions, as it happens with untreated alloys, which though produce potentially toxic substances, even though  in not measurable concentration. However you can’t forget about the fact that the inquiry has been made in vitro, where real conditions are not reproduced, such as when PH and attacking substances like chlorides or sulphides  can activate the ionic exchange due to the presence of oxides. A further investigation has been made to evaluate the electrochemical potential of metals bound to dental  use treated by TTSV gel. Measurements have been made by a CSM Amalgamometer  device. By it the electrical potential  produced between metal and parodontal  tissue, that is, ions’ flux,  is measured. Values are to be measured by nA (microamperes).  Values over  6 are considered pathological. All untreated metals have shown  very very high values, 20 to 70 microamperes, whereas those treated by TTSV have shown values equal to 0, thus confirming the absence of ions’ flux. 

These tests  highlight the fact that TTSV gel treated precious alloys are therefore more steady, don’t produce potentially toxic ions and get a higher biocompatibility than untreated ones.

In most cases the idea that the surface oxide layer may enhance the metal  ceramics bond  might lead to think that  it could get weak after the metal is treated by TTSV gel. Several metal producer firms maintain this theory, overestimating  the function of electrochemical bonds  of Van der Vaals  forces, but we know that 98% of metal ceramics bond  is due to the grasping mechanical capacity of the interface, and that this one can be lowered  either by wrong working protocol or by incompatibility between ceramics and metal, which can have different expansion coefficients. By eliminating this type of problems  the effect of Van der Vaals forces can be considered unnoticeable.

At the Joint Research Centre financed by the European Commission, c/o  the Institute for Health and Consumer Protection, comparative tests about metal ceramics bond have been made, that confirm the positiveness of metal ceramics interface of specimens treated by TTSV gel, compared with untreated specimens.

Other experiments about the metal ceramics bond have been made with comparative cut-breaking tests on specimens partially  ceramized: average values of 30,46 Mpa  for untreated and 29,16 Mpa for treated ones have been checked, thus confirming  that overlapping the bond’s resistance degree is possible.

All these comparative tests show therefore that   TTSV gel treatment of precious alloys, even at low gold rate, raises the biocompatibility and the resistance to corrosion of our prostheses at the utmost degree, starting from the pivot up to the most sophisticated structures, especially those exploiting the  rehabilitation implants  that are set in our patients’ mouths every day. Useless to say, it’s important to rely on the unalterability and harmlessness of these rehabilitation aids aiming at improving life quality from any point of view for those who apply to us as  to specialists but above all as physicians; they can now rely not only on our professional qualities, technique and  skills but also on getting  prostheses granting the utmost biocompatibility and absence of  side effects, about which we will be able to assure on our compliance certificate, making our job better qualified.
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