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Why haveinfor mation on orthodontic materials?

Startedin 1987 asanewsl etter attempting to estab-
lish recycling to the profession, “Phoenix Without Ashes’
has become a sort of consumer report, areliable and at the
sametime popular source of information for the practicing
orthodontist. The significance of its name has become
practically forgotten, only relatively few of today’ sreaders
rememberingitsoriginal meaning. Thiswasrevea ed by the
answers to the quiz presented in our last issue, the best of
which are shown on page 7. While the initial purpose has
faded, attachment recycling being by now well received and
recognized, the unbiased presentation of the different ma-
terialsused by orthodon-tists has been received with inter-
est by thousands, being praised by many luminaries.

The average orthodontist gets his information
from hisschool, journal s, meetingsand...salesmen. In most
cases, theinformation availableiseither scarce, not objec-
tive or limited to particular investigation interests. On the
other hand, there arethousands of productsto choosefrom,
areal embarrassment of riches. There are many academic
capabilities, but, to quote two U.S. government publica-
tionsl'2, thereisageneral lack of interest in performance-
oriented research as being “too macroscopicll or “not
fundamental enough”. Accor-ding to one studyl, only in
the last 25 years, and especially in the last decade, hasthe
foundation of what we call material s science begun to take
shape and to achieve recognition. The advancement
achievedinour timescan bebetter understood withthehelp
of afew examples. Tosuspenda25-tonweight vertically from
the end of acast iron rod (thestrongest material available at
the beginning of thelast century) requiresarod with across
section of I”xI” weighing about 41b/ft. A modern polymer
fiber, however, requires only arope with a cross section of
0.3"x0.3" yet weighsabout 1 0z/ft. Another polymericfiber,
poly (paraphenylene terephthalamide), was found

“Every craftsman should know well his tools, even though they may be words’ (H. de Balzac, 1799-1850)
"No one will be able to learn a thing if he is convinced that he already knows it” (Socrates, 469-439 B.C.)

tohaveatensilestrength higher than that of asteel fiber of the
same dimensions, yet weighing only a fifth as much. As a
result, materials scientists are at the forefront of all the areas
of sciencein the service of society.

Inorthodontics, thespeed withwhichnew materials
are picked up by the orthodontic suppliers has multiplied
severa times within less than a century. Compare the time
elapsed sincethediscovery of stain-lesssteel (Maurer, 1912),
till itsuse by Angle (1930), or with that of superelastic alloys
(Buehler, 1961) till their useinarchwires (Andreasen, 1971).
Furthermore, com-pare the few years elapsed between the
commercial re-leaseof partially stabilized zirconia(Imperial
Chemical Industries, 1985) and its use in direct bonding
brackets(L ee, 1990). Recently, eventhisinterval hasshrinked:
consider the time elapsed between the development of dia-
mond-like carbon coating through plasmasourceionimplan-
tation and its application to improve brackets...

Indepent andreliableinformation must beconveyed
to the practitioner asfast as possible, preferably long before
therel easeof thenew materials(likearadiotrafficreport,ithas
tocomeearly enoughtoallow youto changeyour route: if you
arealready stuck inthebackup, it becomesuseless). Thelack
of interestinmanufacturing and product informationmayresult
inthousandsofwasted dollars, hours of additional chair time,
or evenin lost court battles.

Although orthodontic material smanufacturershave
succeededinbringingforthavariety of superior materials, not
al had the patience to wait for years of clinical use before
launching their products. Cases in point include the detach-
ment en masse of some direct bonding brackets from their
basesdueto poor brazing, theleaking of nickel fromcorrosion
susceptibleattach-mentsor theabrasionor fractur eof enamel
by ceramic brackets, to nameonly afew.



Anhonest presentation of the problemsraised by
new materials, instead of the ubiquitous and pervasive
hype, may actually bring more understanding, interest and
cooperation between manufacturersand practitioners. As
theneed to extol e attachment recycling hasbecomeal most
obsolete, by now almost all the orthodontists having an
opinion of it, “Phoenix Without Ashes” has

gradually changed, focusing toward orthodontic materials.
Tobetter reflect itsnew content, the* Phoenix” isnow reborn
as" The Orthodontic MaterialsInsider” . The need for unbi-
ased information on orthodontic materials has become too
stringent to ignore the demand, especially now, when it has
beenpredictedthatinonly fiveyears, half of what wewill use,
may benew...

Why “Materialsin Orthodontics’ and not “in Dentistry” ?

For almost twenty years, Ortho-Cycle' s person-nel
has been exposed to the successes and problems faced by
orthodontists, people to whom it is strongly attached. It was
our businessto become* connoiseurs’ and “insi-ders’ inthe
orthodontic material sindustry. Rel ating factsand opinionsin
our newsletter, we soon became amazed to see that we are
actually filling a gap of which few were aware. Indeed, the
problems raised by orthodontic

cliniciansand43on-sitebasi c scientistsand staff, al de-dicated
to evaluate dental, but not orthodontic materials. He and his
group are continuously lecturing, researching and publish-
ing. Thereisalmost noissue of JAD.A. without one of their
contributions, andthe CRA newslet-ter iswidely read. Just as
CRA evaluates dental materials and offers new vistas, we
would love to be able to offer the same service to orthodon-

tists. Itistrue, our organiza-tionissmall,

mate-rials are only to some extent
the same asthose of dental materi-
alsingeneral. In several instances,
like in the case of the wires, they
deserveanextensiveandat thesame
timedifferentiated approach. Highly
dependent on sophisticated
ma-terials, orthodontists use rela-
tively few categories, but in an in-
crediblevariety. Togiveanexample,
there are today hun-dreds of thou-

From contacts with my orthodontists
friends, and reading your newsletter,
lamimpressed with what you have ac-
complished, and congraulate you for
your efforts. Your and our activities
appear to have many similarities.
GordonJ. Christensen,
DDS,M SB, PhD

lacks clinical expertise and... provides
commercial services. But being commit-
ted to attachment re-use and not to a
manufacture, wethink that wearethenext
best thing. Indeed, threatened withsuits
incourt by most major manufacturers, we
can afford to provide an impartial
repor-ting, whichiscoming from people
experienced enough to cope with the
task.

Inthisfirstissueof our refocused

sands of different types of direct
bonding brackets...

At the Northeastern Society of Orthodontists an-
nual meeting of De-cember 1994inNew Y ork, weprovidedto
more than twenty exclusive practicing orthodontists, alist of
articlestaken from theindex of avery recent book on dental
materials®. We asked them to mark from 0 to 10 the extent of
eachusage. Among metallic material s, brackets, bands, tubes,
wires, coils, springs, claspsandforming plierswereall marked
from 8 to 10, and so were the adhesives and elastics among
polymers. Themajority of theother materialslisted, towhich
about 95% of the pageswere dedicated, were marked with O.
Specific preferenceswereobviouseveninthefield of impres-
sion materials, where only alginates were selected. This not
only shows the clear difference between the materials the
orthodontist andthedentist use, but al sothedis-proportionate
attention given to dentistry to the detriment of its first spe-
cialty, orthodontics.

DentistryisfortunatetohaveGordon J. Christensen,
who along hiswife Rella, started in 1976, Clinical Research
Associates in Provo, Utah. Today, CRA is an international
organi zation counting more than 380

newsletter, we would like to help the
orthodontist realizethat what wearedoingisof concerntohim.
Sooner or later, chancesarethat hewill havetotakedecisions
intopicsalready analyzed by us. Toseewhat isinstore, it may
beinstructivetolook at what cametolightinthepast few years.
In the following pages, instead of quoting easily accessible
references, wewill present research publishedinjournalsless
known to orthodontists, aswell asrecent patents. The topics
selected focusonmetal's, polymersand ceramics, thebuilding
blocksof orthodontic material s, aswell asontheir composites.
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BREAKTHROUGHS ARE ALREADY HERE, OR EXPECTED SOON..

METALS
General development

Theintroduction of anew decarburization pro-cess
(argon-oxygen) starting in the 70’ s has allowed the precise
control of theindividual elementsinstainlesssteels. Thishas
made it possible to optimize per-formances by producing
“materialsby design”, metalsalone, indifferent statesandin
combination with ceramics. Thus, very finegrained, single-
phase materi-als have shown excellent combinations of
strength, ductility, and corrosion resistance. Finely inter-
spersed phases, likethosefoundin micro-duplex alloys, lead
tohighhardnessand abetter stability at higher tempera-tures.
Chemically intercombined metal s(intermetallic compounds)
have superior qualities in higher tempera-tures and load
bearing applications. Alien metals, which are intentionally
dispersedintoalloys, canact like ob-staclesintheway of the
grain dislocations, movements which would otherwise lead
to an excessive dliding of the steel layers under stress. The
workhorse of today’ s*“mini” brackets, designated asPH 17-
4 (Precipitation Hardening, i.e. dispersion strenghtened),
owesits hard-nessto added metalslike Cu, Nb. Thistough-
ness doesn’t come without a price: the last stainless steel is
more corrosion prone, asaresult of its poorer homogeneity.

The era of metal composites has only recently
begun, and thin films and layered structures (even asfar as
atom-by-atom layering) have already brought unique prop-
erties. Among theseisthe control of mag-netic surfacesand
interfaces, capability which leadsto the new, artificial mag-
netic materialsknown asmultilayersand super-lattices. The
complex coupling be-tween the different magnetic layersis
the base for large anisotropies and coercivities, properties
not yet avail-ablein bulk materials. Even awhole new class
of mag-netic materials has been recently identified, the spin
glasses. Their apparently random magneticinteractionslead
to complex magnetic behavior unlikeany knownin standard
ferromagnets and antiferromagnets, opening the way to a
better understanding of magnetism.

Applicationsin orthodontics

Alloysfor attachments. After about sixty-fiveyears
since the introduction of stainless steels in ortho-dontics,
two superior types are entering the scene. Both arelower in
nickel, metal known asallergenicand harm-ful tothetissues.
The first, a stainless steel belonging to the “super steels™?,
designated asUNS S31803 and better known as2205 (22%CCr,
5% Ni) offers, if properly heat treated, a superior corrosion
resistance and toughness. The above mentioned duplex
supersteel hasbeenintro-duced in bracket manufacturing by
CEOSA, Madrid, Spain. Such duplex steelsrequire a better
understanding of their metallurgy in order to avoid
embrittlement phenomenaand the formation of an undesir-
ablesigmaphasethat could take placeduring processing and

fabrication. Another type of steel, the so called “super-
ferritic” one, hasan evenlower proportion of nickel and has
been sel ected by Pyramid Orthodontics, San Marcos, CA. for
theirinjectionmolded, onepiece” Prestige” brac-kets. A steel
belonging to this class, UNS 44800, known as 29-4-2, or
ASTM A-268, has2% Ni, and anincreased amount of molyb-
denum instead (4%), while another one (E-Brite, Allegheny
Ludlum) or UNS44627 or 26-1) haspractically nonickel init
(25-27.5%Cr, 0.75-1.5% Mo, 0.15%Ni, 0.02% Cu, 0.05% Mn).
Both steels require avery low carbon and nitrogen content
(under .005%) in order to insure adequate mechanical and
chemical properties.

Titaniumanditsalloysarelikewiseinteresting can-
didatestoreplacestainlesssteel sin bracket manufac-turing?.
Thus, thesocalled ASTM Grade7titanium, i.e. titaniumplus
0.12 to 0.25% palladium, is known to be the most resistant
metal commercially available, being ableto servicein HCL,
H,SO, and their hot, low pHsalt solutions.

Itisimportanttocall theattentiontothefact that the
cases of bracket corrosion are accumulating, and that the
industry isalready preparing for the possibility that soon, the
Americanand German supported Den-tistry Technical Com-
mittee(TC106) of thelnternational Organizationfor Standard-
ization (1SO) will recommend only low-nickel alloysfor con-
tinuous oral use.

Super elasticalloys. Departing somewhat fromthe
equimolecular compositionof Ni-Ti, additionsof copper were
found to allow an easier engagement of the archwire and to
deliver higher forces®. Likewise, an ad-dition of upto 5%in
carbonisclaimedtoallowthecontrol of thearchwirespringback
properties’.

Still based upontheearly findingson shapc-memory/
superelastic phenomena®, new applications are developing
fast. Thus, with the goal to reduce the chair time, adifferen-
tiated thermal treatment al ong the archwire has been recom-
mended®. By varying the radius along the arch,it is possible
thusto obtain amore ad-equate and efficient configuration’.
Multi-strand, braided archwires made of these alloys have
been found to be more resilient, i.e. return faster and mo re
accurately tothedesired shape?. Likewise, theuseof thesame
aloys to make coil springs is claimed to allow a higher
deflection. A recent article® dispelsthe claim that the slopes
of the loading and unloading plateau values can be signifi-
cantly different fromabrandto another, whenusingthesame
aloy. Thismay suit well the conservative orthodontist...

Shape-memory alloyshave been suggested also for
themanufacture of palatal or expansion arches'?, for lingual -
and even complex removable appliances. In order to shape
themat will inintricated forms, thewiresareeither heated in
a deformable stainless steel tube', or in severa stages®?.
Interesting to mention is that instead of complicated fur-
naces, thedirect application of an electri-cal current can also
be successfuly used.



The application of shape-memory alloys has been
extended even to the manufacture of direct bonding brack-
ets: at mouth temperature, the upper part of the slot con-
tracts, locking the archwire®. The resulting retention may
soon render unnecessary the existence of the tie wings”.
(Provided that the patient doesn’t drink cold beverages! ?)

M agnets.The attempts to copy nature are still far
from being as successful assomebacteria, whichareableto
grow and properly orient molecules of Fe,O,, generating
magnets. Asshown in apast article'>, however, the“ energy
product” (BH,, ;) of modern mag-netshas multiplied by four
timesin less than a quarter of a century

In orthodontics, the use of magnets is still at its
beginning stages, but steadily growing, both in fixed and
functional appliances (very likely asthe result of series of
patents of A. Blechman®®, T.G. Noble'” and J.E. Nelson?®).
Thus, aseriesof refinementsare now claimed by Blechman
alone®®, some being based upon his older patents with H.
Smiley? or with E.A. Pescatore?. Other patentsinthefield
were awarded to A.D. Vardimon??, JA. Collins® and T.
Kawata?!

Processingand treatments. Just whenwethought
that we have seen them all, the manufacturing processes
used to make orthodontic attachments have gained another
one. Asidemilling, castingand sintering (injection molding),
brackets can now be made by brazing together several
preformed sheets, leading to a laminated, complex struc-
ture®, claimed to be easi er to manufacture. Wewonder how
such brackets will behave, when the higly undesirable gal -
vanic corrosion at the interface stainless steel/brazing will
be multiplied... Indeed, years ago, after the failureof many
silver-based brazingsinjoiningbrack-etswith bases, several
manufacturers have switched to nobler, gold-based alloys.
As even these are not satisfac-tory, nobler alloys are now
proposed. Thus, an alloy having some 90% paladium was
recently suggested?. Likethegold-based alloys, thisshould
still lead to an accel er-ated galvanic corrosion of the steel
with the correspond-ing release of Ni in the body.

“Individualized treatments’ on each bracket may
have achieved new heights with a permanent marking pat-
ented by Dentaurum. The marking is performed on a thin
remelt layer, which is claimed to resist repeated recycling®.
Shot-peening of metallic surfaces, introducedinbracket manu-
facturing by GAC for their MicrolocRretention system?®, is
known to plastically deform the metal surface, improving
corrosion resistance. Recently, the process has been
successfuly applied to impart fatigue resistance to other
devicesmadeof stainlesssteels, Co-Cr and Ni-Ti alloys®, all
widely used in orthodontics. The need is there, for many
instruments, brackets, tubes, etc. are made today through
powder-metallurgy, known to lead to aless dense structure.
In such instances, shot-peening may be used to generate

a closure of the outer pores and a strain-hardening of the
respective rough surfaces.

Early in their development, metal brackets were
varnish-coatedto better blend withtheenamel and with-stand
corrosion. The approach hasre-surfaced recently, when two
different types of coatings have been suggested. Thus, a
diamond-likecarbon (DL C) layer already usedtoincreasethe
wear resistance of cutting tools (Balzers Tool Coating, N.
Tonawanda, NY)isclaimedtoformonmetal bracketsabarrier
against the Ni and Cr ions, protecting thus patients against
alergies®. Interesting to mention, this type of very hard
coating, made possible by new developmentsin the deposi-
tionof carbonatlower temperaturesand pressures, isclaimed
not to in-crease the friction between the archwire and slot®,
but actually to decrease it!

The use of another hard coating, titanium nitride
(TiN), isexpanding both for tools and brackets. A new, low
temperature method (300°F) called Hyper-lon (ISM Tech-
nologies, SanDiego, CA) leadsto coatingswhicharenot only
as hard as the ones produced by vapor deposition at higher
temperatures, but much moreadherent. Indeed, thecorrosion
behavior of the substrates coated with TiN has been found
to be heavily dependent on the homogeneity of thislayer®.
Both progresses made in diamond-like carbon and titanium
nitride coatings are due to plasma source ion implantation
(PSH), a process developed at Hughes Aircraft and Los
AlamosNational Laboratory.

To enablemetallic basesto bond well without hav-
ing a mesh laminated to the pad, several alternatives were
proposed. Inoneof these, thebaseisjoinedtoamiriad of tiny
metal spheres which are in turn joined to each other, or
sintered®. Another method recommendsthermally spraying
thebasewith molten metal®. But themost i nteresting method
seemsto be, asforeseen yearsago®, thegeneration of micro-
roughness by chemical means. Thus, a recent patent dis-
closesaninteresting property of an alloy made of Ni, Be, Cr.
When cooled frommolten state, thisalloy leadstoadendritic
structureof berilliumoxide, which, after acidwash, leadstoa
rough surface appropriate for bonding®.

M etal/ polymer composites. A new technique, de-
veloped by Phillip Fan at Union Carbide Chemicals and
PlasticsCo., Bound Brook, NJ, bondsalubricating coatingto
plastic or metal medical devices. Whendry, thesurfaceof the
treated instrumentsfeel sasexpected. When wet, it becomes
very slippery and pleasing to touch due both the hydration
and swelling of apolyacrylicacid component bondedtotheir
surface. The coating resists autoclaving, and decreases the
patient’ s apprehension toward treatment.

Toreducethefriction exerted at thearchwireinter-
faces, WJ. Kottemann had suggested to coextrude the metal
wireswith polys ulfones®: theidea has been extended since
by L. Adell to other plastics®. A simpler



method, coating, seemsto work aswell*.

Metal/ ceramics composites. The incorportion of
ceramic fibers (alumina, silicon, tantalum carbide, etc.) in
metals has been known to considerably toughen them. The
surfaceof metal scanbelikewisemademoreresistant not only
if coated with diamond or titanium nitride, but also with
ceramics. Thus,” A"-Co. has patented two such composites,
onebeingalayer of porcelainfused onthebracket metal*, and
the other ametal pad for alumina (sapphire) brackets®.

Aluminabracketsexhibitahighcoefficient of fric-tion;
to lower it, and improve at the same time their mecha-nical
resistance, it was suggested to line their slots with metals,
which can be brazed therewith Pt, Ag, or an alloy of Mo and
Mn*,

ORGANICPOLYMERS
General development

Organic polymersarenatural alliesof medicinebe-
cause they enter in the composition of living tissues. As our
knowledge advances, our ability to taylor polymeric struc-
turesimitating nature grows, implicitly increasing our power
toheal. Subsequently, in spiteof thelitigiouserainwhichwe
live, the progress in finding the factors controlling
biocompatibility will continue...

Having high strengthandflexibility alongwithlight
weight and superior optical properties, polymershaveemerged
frominexpensive commodity materialsto value-adeed, high
technology products capabl e of providing ad-vanced perfor-
mances.

Once more, the attempts to imitate nature pay: re-
cently, Cognislnc. (SantaRosa, CA) hassynthetized, withthe
help of microorganisms, monomersused in composite mate-
rials. In industry, polymer fibers are replacing metals, and
adhesivesare replacing rivetsin many joining applica-tions.
In bio-engineering, the polymers have to be non-degradable
(long-termfunctionality, sterilizability, hydro-lytic stability),
compatible with the biological materials
(lackof mutageni cof carcinogeni cproperties)and...microbere-
sistant. Torespond to such needs, new polymersare continu-
ously synthetized.

Today, only inrelatively few instancespolymersare
used alone, composites exhibiting usually better proper-ties.
Thelatter are hybrid creationsmade of two or morematerials
that mai ntaintheiridentitieswhen combined. Thematerialsare
so chosen that the properties of one constitu-ent compensate
thedeficient propertiesof theother. Some-times, however, the
property of a composite is dramatically better than that of
either of the constituents (synergism). Thus, duetotheir high
ratio length/diameter, long, continu-ous fibers have been
found to afford a better control over theinternal structure of
a composite. By replacing as reinforc-ing phases common
particleswithwiskersor fibers, higher performance compos-
itesare obtained. As expected, the nature of thefiller playsa
major role, asdemonstrated by therecent use of high-tensile-
strength polyethylene fibers.

Theinterfaceswithin compositesareequally impor-

tant, and the rel ated defects or weaknesses can severelylimit
performances. As a result, methods for better joining the
ingredients and the composites to other materials are
re-searched. Indeed, if thepropertiesof thejoining material do
not equal those of thecomposite, theremay not beadvan-tages
in using the combination.

Adifferent approach to achieve composite strength
i sbased uponatechniqueborrowed frommetallurgy. If softer
materials, like elastomers, are added torigid and brittle poly-
mers, atoughening takes place. The processissimilar to the
precipitation hardening of the metals, already presented.
Strangely enough, aso the reverse works: the dispersion of
rigid backbonemoleculesinamatrix of flexiblepolymer with
thehelp of theso called“ molecular mixing’*leadsto compos-
ites which not only exhibit superior impact resistance and
compressive strength, but also retain their optical properties.
Notably enough, the anal ogy be-tween blending in polymers
andalloying metal sissuchthat scientistsstudying macromol-
ecules are learning now from the long experience of the
metallurgists.

Applicationsinorthodontics

Monomers and polymers. “Bowen’s resin”, bis-
GMA, hasremai ned thebase, after almost forty years, of most
dental composites, including orthodontic adhesives. Unfor-
tunately, the resulting composites exhibit a coefficient of
thermal expansionhigher thanthat of thetooth, aswell assome
shrinkage during hardening. Due to its high viscosity, bis-
GMA, alarge molecul e, hasto be compounded almost half of
itsweight with lower, polyfunctional (meth)acrylateswhich
contract too much during polymerization. (Almost all
poymerizations occur with acontractionin volume, whichis
the greater as the monomer molecule is smaller). In some
degree, this un-desirable contraction can be reduced by
replacingupto80% of theresinwithinorganic, inertfillers. To
better compensate for this hardening shrinkage, new resins
whichexpandinvolumewhen polymerized areinvestigated at
ADA'’ sPaffenbarger Research Center, under thesuper-vision
of Bowenhimself. Unfortunately, resinswhichex-pand(cyclic
monomerswhich suffer aring opening before polymerizing)
aredifficult to be made to comply with today’ s sophisticated
demands for dental monomers. If successful, the resulting
composites will have less gaps, fill cavities, stop margina
leakagesaswell astheintrusion of biological fluidswiththe
microbes they contain. At the same center, a new rcdox
initiation system has been found. Instead of a sudden, short-
lived burst of free radicals, these are provided over alonger
period of time, solvingtheproblem of unpolymerized adhesive
under bracket bases. Another advancein arelated field made
at thisimportant center for thedevel opment of dental materials
istheaddi-tiontoacrylatesof moietiesthat provideaffinty for
water, rendering them bondable even in wet conditions*.

A departurefromtheclassic” Bowenresin” hasbeen
recently described by K.W. M. Davy®*. The aromatic
dimethacrylate esters proposed have alower viscosity than
biss=GMA and are, at the sametime, X-ray opaques. Another



resin, belonging to the already commercial acrylate-capped
polyuretanes, has been recently claimed to lead to tougher
products which photo-polymerize faster'*.

For general dental purposes, polyether-etherketone
(PEEK), athermopl astic polymer supplied by Imperial Chemi-
cal Industries, UK, may soonreplaceDelrinor similar plastics,
being both resistant to heat (482°F continuous-userating), as
well asto moisture and chemicals.

Processing and treatments. Whenever polymers
havetointerfacewithother materias, difficultiesusually arise.
Irradiations, plasmaand chemical etching, tonameafew, are
commonly used to solve the problem. To improve the poor
bonding capabilities of the polycarbonates, inter-mediate
layers of polymerslike epoxies, urethanes & acrylates have
been recently suggested'*”.

Amongthefew new refinementsintheapplication of
the composites used is the pre-coating of the brackets with
light curable adhesive precursors (APC). The advance is
based upon earlier works of Unitek* and the Japan Institute
of Advanced Dentistry®. Theresinsusedinthe Unitek’ snew
system are a mixture of the well-known bissGMA with an
ethoxylated bisphenol A-dimethacrylae®.

Polymer/mineral composites. Today’s dental
com-posites, usually an inorganic phase dispersed into a
poly-mericnetwork, areinferior tothosefoundinnature(teeth,
bones, seashells). Whileinrestorativesmineral fillersareonly
up to80%, innaturethese can go ashigh as96%. Ontheother
hand, synthetic composites have an anisotropic, homoge-
neous structure, while the natural ones exhibit a directional
and subtlegradati on of compositionand prop-erties, allowing
them to achieve higher performances. (Theshell of thetough
tocrack amacademianutismadeof relatively weak ccllulosic
fibers, the orientation of which, however, reaches an opti-
mum).

While dental composites (fillings, restoratives, ve-
neers, adhesives) have remained almost unchanged since
Bowen'’ sfindings, beinginorganic mineralsor glassesevenly
dispersed into thermoset acrylics, attemptsare madeto align
theseaccording to their maximumresistance. Thismay allow
thebeneficial useof softer fillers. after yearsof usingonly hard
fillersasoxidesor silicates (the Mochs hardnessfor alumina
is9,vs.4.5- 5for toothenamel), anew trend can be observed.
As minerals with a hardness under Shave been found to be
acceptableasfillersfor adhesives™, their application becomes
interesting. Indeed, these can rel ease beneficial ions, like F~
for topical fluoridation®?, or Ca* and PO”for tooth
remineralization®. The last ions, if slowly released from a
composite contai ning an amorphous cal cium phosphate, can
be used to heal damaged tooth structures.

Silicates, especially if properly shaped in fibres
like E-glass, can be successfuly used to reinforce thermo-
plastic polycarbonateresins. If annealed, such composites
can be used in splints, retainers, space maintainers and
even in orthodontic wires. As a difference from metal
archwires, theseare aesthetic, can provide a con-

tinuous range of stiffness without changing their cross-
sectional dimensions® and can have both their stiffness and
strength characteristicscustomized” . Non-metal, compos-ite
archwires are aready sold by Ormco under the trade name
Optiflex.

Polymer/or ganicfillerscomposites. Theinclusion
of untreated ultra-high-strength polyethylene fibers can in-
creasesignificantly theimpact strength of poly(methyl meth-
acrylate)®. A similar, plasma-treated fibremay findalargeuse
in improving the fracture toughness of the com-mon poly
(methyl methacrylate)*, as used in plates or pros-theses.

Elastomer s. Oncemore, after attempting other ways,
modern chemistry had to return to imitate nature. Indeed,
rubber-like elasticity arises from flexible chains
intercon-necting the crosslinked ones. Unfortunately, this
properly ispartly lost when using thework-horses of today’ s
force modules, the thermoset polyurethanes. Soon to be
expected are the thermoplastic elastomers, which should
exhibit aby far higher efficiency in storing elastic energy.

Asidefromminorimprovements, liketheaddi-tion of
flavoring substances®, an important change may come from
the replacement of some of the carbon atoms from the elas-
tomerschainthroughelementslikeSi, P,N. Thus, polysiloxane
and polysilane elastomers are not only highly versatile, but
exhibit also superior performances: the less carbon in the
molecule, themoreresistant to chemical attack (and staining)
the elastomer®.

CERAMICS
General development

Not so many years ago, ceramics processing
com-prised the separation, crushing and then sintering of
naturally occuring minerals. Today, many are synthetized
from pure chemicals by vapor processing, acqueous
pre-cipitation or complex gel techniques. Sophisticated
me-thods like melt processing, melt alloying and refinement
followed by rapid solidification are widely used. The hot
i sostatic pressing, forging and extrusion of ceramicsare now
quitecommon. Oriented grainsor crystal s, low-dislo-cationor
even dislocation-free single crystalsarc directly grown from
melt, pushing to the extreme the ol dest man-made materials.

The appeal of ceramicsasis easy to understand: in
spite of being light, their compressive strength may ex-ceed
that of metals. Exceptionally hard and resistant to abrasion,
ceramics are also chemically inert. Two proper-ties are still
sought: fracture toughness and ease in pro-cessing. To
achievethefirstgoal,itisimperativeeither toeliminatedefects
-thevoids, agglomerationsandimpuri-tiesfromwhich cracks
originate- or toughen them by de-vising ways to prevent
cracks from spreading. Fortunately, tetragonal zirconia, a
material with future in the manufac-ture of direct bonding
brackets, lendsitself to the so call ed transformation toughen-
ing. Asacrack startsto grow in such aceramic, itstetragonal
structurebecomesmono-clinic, witharesulting volumechange
of 3-5% that arrests crack growth. As a result, toughness
increasesfifteenfold.



Thereareal so other waysof improving tough-ness,
which involve achieving and maintaining very small grain
sizeswithintheceramicbody, incorporating con-trolled and
dispersed voids, or synthetizing ceramic-ce-ramic compos-
ites.

Toimproveflaw detection and avoid therel ease of
fragile ceramic brackets, nondestructive me-thods (e.g. X-
ray tomography, ultrasound) are now either currently used
or investigated.

Applicationsinorthodontics

Most ceramic brackets are made today from alu-
mina, either by drawing, in profiled metal tubes, barsfroma
melt (like“A”-Co.’s"singlecrystal”, “ Starfire” Rbrackets®),
or by pressing under heat its powders (like the polycrystal-
line Transcend® brackets by Unitek/3M°®). As both proce-
dures lead to brittle attachments, there are efforts either to
replace aluminaaltogether, or to reduceitsintrinsic poros-
ity®2. The most promising re-placement seemsto be, aswe
haveforeseenyearsago®, partially stabilized zirconia(ZrO,/
Y,0,). Recent advances at L ockheed, Palo Alto, CA, have
lead to the its “superplastic forming”, a highly precise
process where no machiningisinvolved. Key arethe nano-
crystallinezirconiaparticles, whosediametersare measured
inbil-lionthsof ameter. Somefour yearsago, BrianLeefrom
Australiahaslaunched, with the hel p of Imperial Chemi-cal
Industries, thefirst partially stabilized zirconiabrack-ets, a
combination edgewise-Begg (“ Free Form™ )%, A similar ce-
ramic has been later claimed in France®®. The

resulting brackets are less brittle, instead opague and ivory
colored. Their hueisdueto certain metal oxideswhich canbe
either added purposely®, or removed to bring transparency.
The otherwise too high, almost un-pleasant light transmit-
tance of alumina(100%), canthusbe controlled withthehelp
of strictly controlled additions of magnesium oxide (MgO)™.
Throughsuchrefinements, zirconia, yttriaand strontiumtitan-
ate can be made not only more resistant to fracturing and
chipping® but alsoclear®. Theadditiontozirconiaof titanium
dioxide®, aluminum oxinitride™or rare earth elements™ has
beenfoundtoimprovebothitsfracturetoughnessand aspect.

Asacoating, partially stabilized zirconia seemsto
provide aluminawith an increased mechanical resis-tance™.
Coating alumina with other oxides may render the treated
attachmentsbondableinawider rangeof conditions. Thus, tin
oxide, known to bond well acrylates to both glass ionomer
cementsand porcelains™, alowsaluminatogivebondswhich,
as a difference from the ones obtained by silanation, arc
hydrolitically stable™.

Despite the general perception that glasses arc
too brittle, silicates have been recently claimed to be able
to replace both Al or Zr oxides even in the manufacture
of direct bonding brackets. Thus, Ormco has patented a
protecting outercoating layer’™, and "A"-Co. an ion- ex-
change strenghtened lithium-aluminum silicate”. (Itis
known that by replacing smaller cationswith larger ones,
atoughening takes place, due thistime to the swelling of
the outer layer). For references, seepage8

ANSWERSTO OURPAST QUIZES

Inthe June 1994 issue of "Phoenix Without Ashes",
weasked our readersinwhichmovie, thefamousactor weare
showing a picture has expressed a funny opinion about the
withdrawal symptom caused by wearing orthodontic appli-
ances.

Themovieis"Mr. Hobbstakesa vacation”, Twen-
tieth Century Fox, 1962, thefamousactor James Sewart, and
his line is: "Another one (his teenage daughter) is
resigningfrom the human race because she has some
chickenwire on her mouth".

Either the quiz was too dificult, or the picture not
good enough, as no winners claimed the prize.

Inthe September 1994 i ssue, we launched acontest
forthefivebest explanationsof our newsl etter name, " Phoenix
Without Ashes'. We have received many answers, of which
we have selected the following:

Dr. Neil L. Blitz, Warwick, RI: Your company
renewsorthodontic bracketsby slow chemical dissolution of
the adhesive, as opposed to the heat used by your competi-
tors.

Dr.Ralph Smith,Beaver Creek, OH: Therenewa of
abracket isdone without heat & without destroying it inthe
process.

Dr.JosephM.Sim,Edwardsville IL: The"rejuvena
tion" occurs without the heat that would change the internal
structure of the metal alloy that makes up the bracket.

Dr.LarryW.White,Hobbs, NM: Therestorationis
achieved without heat, known to lead to ashes and metallic
compromise.

Dr.RonaldW.Kohl,Jamestown,NY: Rebirthwith-
out destruction.

The above winners are asked to send us a letter
specifyingtheir preferred reward: five casesof reconditioned
brackets, any brand, or acheck for SIOO.
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