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Abbreviations and glossary

AFM: Atomic force microscopy (AFM) or scanning force microscopy (SFM) is a very high-resolution

type of scanning probe microscopy, with demonstrated resolution on the order of fractions of a nanometer,
more than 1000 times better than the optical diffraction limit. http://en.wikipedia.org/wiki/

Atomic_force_microscopy

ASTM: ASTM International, formerly known as the American Society for Testing and Materials (ASTM),

is a globally recognized leader in the development and delivery of international voluntary consensus
standards. Today, some 12,000 ASTM standards are used around the world to improve product quality,
enhance safety, facilitate market access and trade, and build consumer confidence. http.//www.astm.org/

ABOUT/aboutASTM.html

BSA: Bovine serum albumin (also known as BSA or "Fraction V") is a serum albumin protein derived

from cows. It is often used as a protein concentration standard. http://en.wikipedia.org/wiki/Bovine serum_

albumin

CAD/CAM dentistry: (Computer-Aided Design and Computer-Aided Manufacturing in dentistry), is

an area of dentistry using CAD/CAM technology to produce a range of dental restoration including: crowns,
crown lays, veneers, inlays and on lays, fixed bridges, dental implant restorations and orthodontic

appliances. http://en.wikipedia.org/wiki/CAD/CAM_Dentistry

CHX: Chlorhexidine digluconate is an antibacterial solution, effective against a wide variety of gram-

negative and gram-positive organisms; used also as the acetate ester, as a preservative for eyedrops, and as
the gluconate or hydrochloride salt, as a topical anti-infective. http://medical-dictionary.

thefreedictionary.com/chlorhexidine+digluconate

CP: Commercially pure by ASTM. Grade 1-4 are unalloyed and considered commercially pure or "CP".

Generally the tensile and yield strength goes up with grade number for these "pure" grades. The difference
in their physical properties is primarily due to the quantity of interstitial elements. They are used for
corrosion resistance applications where cost and ease of fabrication and welding are important. http://

en.wikipedia.org/wiki/Titanium_alloy

FBS: Fetal bovine serum or FBS (or fetal calf serum) is the portion of plasma remaining after coagulation

of blood, during which process the plasma protein fibrinogen is converted to fibrin and remains behind in
the clot. Fetal bovine serum comes from the blood drawn from a bovine fetus via a closed system of
collection at the slaughterhouse (aka abattoir). Fetal bovine serum is the most widely used serum-
supplement for the in vitro cell culture of eukaryotic cells. This is due to it having a very low level of
antibodies and containing more growth factors, allowing for versatility in many different cell culture

applications. http.//en.wikipedia.org/wiki/Fetal _bovine serum
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FPDs: A bridge, also known as a fixed partial denture, is a dental restoration used to replace a missing

tooth by joining permanently to adjacent teeth or dental implants. http://en.wikipedia.org/wiki/
Bridge (dentistry)

H:>03: Hydrogen peroxide (H20:) is an oxidizer commonly used as bleach. It is the simplest peroxide (a
compound with an oxygen-oxygen single bond). Hydrogen peroxide is a clear liquid, slightly more viscous
than water that appears colorless in dilute solution. It is used as a disinfectant, antiseptic, oxidizer, and in

rocketry as a propellant. The oxidizing capacity of hydrogen peroxide is so strong that it is considered a

highly reactive oxygen species. http://en.wikipedia.org/wiki/Hydrogen peroxide

KSFM: Keratinocyte Serum Free Medium for epithelial cells. Contains L-glutamine. Keratinocyte-SFM is
supplied with prequalified human recombinant Epidermal Growth Factor 1-53 (EGF 1-53) and Bovine
Pituitary Extract (BPE) in separate packaging. Components are not sold separately. http.//
products.invitrogen.com/ivgn/product/17005042

MES (buffer): MES is the common name for the compound 2-(N-morpholino)ethanesulfonic acid. MES

is used as a buffering agent in biology and biochemistry. http://en.wikipedia.org/wiki/MES _(buffer)

Micro BCA™ Protein assay: The Micro BCA Protein Assay Kit is a specialized version of the
popular Pierce BCA Protein Assay for determining the protein concentration of dilute samples. Mixing
together the three Micro BCA Reagents results in a working solution that is sufficiently concentrated to
measure protein when mixed with an equal volume of sample. The result is an assay for accurately
measuring 0.5 to 20 pg/mL protein solutions. The assay is exceptionally linear and exhibits very low levels

of protein-to-protein variability. Attp://www.piercenet.com/products/browse.cfm?fldID=02020102

MTT: Yellow MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide, a tetrazole) is
reduced to purple formazan in the mitochondria of living cells. The absorbance of this colored solution can
be quantified by measuring at a certain wavelength by a spectrophotometer. This reduction takes place only
when mitochondrial reductase enzymes are active, and therefore conversion can be directly related to the

number of viable (living) cells. http.//www.mnstate.edu/provost/MTT Proliferation_P.

OD: Optical Density. In spectroscopy, the absorbance A (also called optical density) is defined as: Ay =

log10(Io/T) , where I is the intensity of light at a specified wavelength A that has passed through a sample
(transmitted light intensity) and Io is the intensity of the light before it enters the sample or incident light
intensity (or power). Absorbance measurements are often carried out in analytical chemistry, since the
absorbance of a sample is proportional to the thickness of the sample and the concentration of the absorbing

species in the sample, in contrast to the transmittance I / Ip of a sample, which varies exponentially with

thickness and concentration. http://en.wikipedia.org/wiki/Absorbance

PBS: Phosphate buffered saline (abbreviated PBS) is a buffer solution commonly used in biological

research. It is a water-based salt solution containing sodium chloride, sodium phosphate, and (in some

formulations) potassium chloride and potassium phosphate. The buffer helps to maintain a constant pH. The
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osmolarity and ion concentrations of the solution usually match those of the human body (isotonic). Attp://

en.wikipedia.org/wiki/Phosphate_buffered_saline

PFM: Porcelain-fused-to-metal dental crowns (PFMs) have a metal shell on which is fused a veneer of

porcelain in a high heat oven. The metal provides strong compression and tensile strength, and the porcelain
gives the crown a white tooth-like appearance, suitable for front teeth restorations. http.//en.wikipedia.org/

wiki/Crown_(dentistry)

RPMI: Roswell Park Memorial Institute medium, commonly referred to as RPMI, is a form of medium
used in cell culture and tissue culture. This medium contains a great deal of phosphate and is formulated for
use in a 5% carbon dioxide atmosphere. http://en.wikipedia.org/wiki/Roswell Park Memorial Institute

_medium

SEM: A scanning electron microscope (SEM) is a type of electron microscope that images a sample by

scanning it with a high-energy beam of electrons in a raster scan pattern. The electrons interact with the
atoms that make up the sample producing signals that contain information about the sample's surface
topography, composition, and other properties such as electrical conductivity. http.//en.wikipedia.org/wiki/

Scanning_electron_microscope

SDS: Sodium dodecyl sulfate (SDS or NaDS), sodium laurilsulfate or sodium lauryl sulfate (SLS)

(C12H25S04Na) is an anionic surfactant used in many cleaning and hygiene products. The salt consists of an
anionic organosulfate consisting of a 12-carbon tail attached to a sulfate group, giving the material the

amphiphilic properties required of a detergent. http.//en.wikipedia.org/wiki/Sodium_dodecyl sulfate

Ti: Titanium is a chemical element with the symbol Ti and atomic number 22. It has a low density and is a

strong, lustrous, corrosion-resistant (including sea water, aqua regia and chlorine) transition metal with a

silver color. http.//en.wikipedia.org/wiki/Titanium

TMA: B-titanium orthodontic alloy (TMA) contains primarily titanium and molybdenium. http:/

en.wikipedia.org/wiki/Beta-titanium

XPS: X-ray photoelectron spectroscopy (XPS) is a quantitative spectroscopic technique that measures the

elemental composition, empirical formula, chemical state and electronic state of the elements that exist

within a material. http://en.wikipedia.org/wiki/X-ray photoelectron_spectroscopy
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1. Introduction

An alloplastic material is biointegrated if it functions in intimate contact with the
surrounding tissues for any period of time and does not have any adverse/damaging effect on
the body as a whole. The successful biointegration of biomaterials depends on several factors
related to the material, like the bulk and surface characteristics of the material, the design
(construction) and the biocompatibility of the material. Naturally, the applied surgical
technique and the general health condition and life-quality of the patient are also
important features. Biocompatibility is defined as the acceptance of an artificial implant by
the surrounding tissues and by the body as a whole.!

The main research topics of our group are to investigate the biointegration of
alloplastic materials (replacement of missing parts of human body) and how the chemical and
surface microstructural modifications of the dental implants made of titanium influence their
biointegration. Our studies relate to replacements of body structures in case of which the
biological function requires significant load-bearing capability. Example for that are dental
implants and artificial hip-joint replacements. These biomaterials have several common
aspects: in general they are made from titanium (Ti), and their biological integration depends
on -among others- the surface structure of the metal (Figure 1). These studies have a general

interest/value as basic research which is highly

applicable for biomedical and industrial uses as well.

Figure 1. Titanium: silvery grey-white metallic (http://
en.wikipedia.org/wiki/Titanium)

The importance of bio- and alloplastic materials’ knowledge in dentistry is evident as
the goal of dentistry is to maintain and improve the health of the human teeth (oral cavity) in
order to improve the quality of life of the dental patient. All these activities require the
replacement or alteration of the existing tooth structure and also the development of auxiliary
dental appliances using alloplastic materials.

As healthcare improves and people tend to live longer, materials with specific

biomedical applications become more important. In dentistry the main challenges for


http://en.wikipedia.org/wiki/Titanium
http://en.wikipedia.org/wiki/Titanium
http://en.wikipedia.org/wiki/Titanium
http://en.wikipedia.org/wiki/Titanium
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centuries have been the development and selection of biocompatible prosthetic materials that
can withstand the adverse conditions of the oral environment. The oral cavity represents a
multivariate external environment with a wide range of circumstances, like foods, abrasion,
acidic pH, temperatures from 5 to 55 °C, high masticator forces, bacteria, etc. There is also an
increasing need to develop materials that can be implanted into the maxillofacial area in order
to rehabilitate the damaged chewing apparatus due to loss of natural teeth. The multiplicity of
dental applications requires more than one type or class of material because no one material

has yet been developed that can fulfill the varying requirements.

1.1. Characteristics of titanium and its alloys

In the early 1950s, titanium (Ti) was often referred to, by those working for the
aerospace industry, as ,the wonder metal”.> Nowadays it has several application fields in
industry, like alloying element in steel, and about 95% of titanium or extracted from the Earth
is refined into titanium dioxide (TiOz), a white permanent pigment used in paints, paper,
toothpastes and plastics (Figure 2). Beside these Ti and its alloys have several automotive

applications and are used to fabricate aircrafts, naval ships, spacecrafts and missiles.

Figure 2. Titanium dioxide is the most commonly used compound of
titanium (http://en.wikipedia.org/wiki/Titanium)

In 1947 J. Cotton introduced Ti and its alloys like implants with medical applications.
Due to their favourable physical and chemical properties, Ti and Ti alloys are nowadays the
metals most commonly applied as alloplastic (bio) materials, with an excellent biointegration
and osseointegration perspective, ensuring a predictable and long lifetime for medical or
dental implants.>*>

Ti is the sevenths most frequent metal in the earth’s crust, it is a quite light material. Its
density is 4.5 g/cm?, considerably less than that of other metals used in dentistry, like gold

(19.3 g/cm?), CoCrMo (8.5 g/cm?), or stainless steel (7.9 g/cm?). In its unalloyed condition,


http://en.wikipedia.org/wiki/Titanium_dioxide
http://en.wikipedia.org/wiki/Titanium_dioxide
http://en.wikipedia.org/wiki/Titanium
http://en.wikipedia.org/wiki/Titanium
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titanium is as strong as steel, but 45% lighter. Its melting point is between 1672-1727 °C, and
the thermal properties are similar to dental tissues. Titanium's Vickers Hardness Number
(VHN) is 210, similar to gold alloys type III, IV (hard): 135-250. Ti6Al4V alloy has a VHN
of 320, which is close to the value of CoCr alloys: 350-390.%7 Commercially pure (CP) Ti is
available in 4 grades, which vary according to the oxygen (0.18 to 0.40 weight percent) and
iron (0.20 to 0.50 weight percent) contents (Table 1). Oxygen in particular has a great

influence in the ductility and strength of the metal.!-6

Element Grade 1 Grade 2 Grade 3 Grade 4 Ti6Al4V?
Nitrogen 0.03 0.03 0.05 0.05 0.05
Carbon 0.10 0.10 0.10 0.10 0.08
Hydrogen 0.015 0.015 0.015 0.015 0.0125
Iron 0.20 0.30 0.30 0.50 0.25
Oxygen 0.18 0.25 0.35 0.40 0.13
Titanium Balance

Table 1. Chemical compositions of titanium and its alloy.® Aluminium 6.00% (5.50 ~ 6.50), vanadium 4.00%
(3.50 ~ 4.50), and other elements 0.1% maximum or 0.4% total. All are maximum allowable weight percent.

These slight concentration differences have a substantial effect on the physical and
mechanical properties of the metal (Table 2).! Titanium can be alloyed with a wide variety of
elements (see chapter 1.2) to alter its properties, mainly for the purpose of improving strength,
high temperature performance, creep resistance, weldability, response to ageing heat

treatments, and formability.

Properties Grade 1 |Grade 2 |Grade3 |Grade 4 |Ti6Al4V [Til3Nbl13Zr
Tensile strength (MPa) 240 345 450 550 860 1030
Yield strength
170 275 380 485 795 900
(0.2% offset) (MPa)
Elongation (%) 24 20 18 15 10 15
Reduction of area (%) 30 30 30 25 25 45

Table 2. Mechanical properties of Ti and its alloys.’

Ti is a dimorphic allotrope: while at room temperature CP Ti has ot—phase (HCP-

hexagonally closed packed), on heating in its crystalline structure an allotropic phase
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transformation will occur. After 883 °C, a body centered cubic (BCC), B—phase will form. B

—form is stronger but more brittle than @ —phase (Figure 3).>¢

«-Ti: HCP B-Ti: BCC
Figure 3. The crystalline structure of o-Ti is Hexagonal Close Packed (HCP) , in the case of B-Ti is Body
Centered Cubic (BCC) (://www.ndt-ed.org/EducationResources/CommunityCollege/Materials/Structure/
metallic_structures.htm)

The two most powerful/useful properties of Ti metal are the highest yield strength-to-
density ratio of any metal,! and corrosion resistance.?%’

The strength of the material varies from a much lower value than that of 316 stainless
steel or the CoCr alloys to a value about equal to that of annealed stainless steel of the cast
CoCrMo alloy. But when compared by its specific strength (strength per density) the Ti alloys
exceed any other implant materials (Figure 4). Ti, however, has poor shear strength making it

less advantageous for bone screws, plates and similar applications.!
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Figure 4. Yield strength to density ratio of commonly
used implant materials.!

316L CoNiCrMo
SS

Ta

:] Annezled

1 1 1 i S L

o} 50 100 150 200

YIELD STENGTH/DENSITY
[MPa/(g/cc)]

Ti and its alloys are resistant to corrosion because of the formation of an insoluble
titanium oxide layer on the surface.!” The reason is that, TiO> has one of the highest heats of
reaction: AH = -912 kJ/mol. In air, the oxide, usually TiO2, begins to form within

nanoseconds (10 s) and reaches a thickness of 20-100 A in 1 s (Figure 5). It is very adherent


http://www.ndt-ed.org/EducationResources/CommunityCollege/Materials/Structure/metallic_structures.htm
http://www.ndt-ed.org/EducationResources/CommunityCollege/Materials/Structure/metallic_structures.htm
http://www.ndt-ed.org/EducationResources/CommunityCollege/Materials/Structure/metallic_structures.htm
http://www.ndt-ed.org/EducationResources/CommunityCollege/Materials/Structure/metallic_structures.htm
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to the parent Ti, protects the metal from other impurities and it is impenetrable to oxygen.
TiO2 may be catalytically active for a number of organic and inorganic chemical interactions
influencing biological processes at the implant interface: the TiO> oxide film permits a
compatible layer of molecules to attach.

Explanations for that are still largely unidentified, but the high dielectric constant of
TiOz (€ = 50-170) versus 4-10 for alumina and dental porcelain can outcome in considerably
stronger van der Waals bonds between

TiO;

molecules and TiO> than other oxides.?
20-100 A

Metal

0 1nsec 1 msec 1 sec,

. Figure 5. TiO: native/protective layer of metal Ti.
Time

Both CP titanium and Ti6Al4V own exceptional corrosion resistance for a wide range
of oxide states and pH levels. However, even in its passive condition, Ti is not totally inert. Its
ions are released due to the chemical dissolution of titanium dioxide. Elevation of implant
elements in blood can be observed (measured in the fibrous membrane encapsulating

implants), but they are non toxic for Ti6Al4V: 21 ppm Ti, 10.5 ppm Al, 1 ppm V.1

Another important property is the elastic (or Young) modulus (E), which in case of
load bearing implants integrated in bone preferably has to be similar to that of the bone elastic
modulus. Young modulus of the nearby cortical bone is much smaller: Epone = 17-24 GPa.
Stainless steel, CoCr alloys are usually much stiffer than bone (E around 250 GPa), so they
can shield the nearby bone from mechanical stress. Stress shielding results in a kind of disuse
atrophy and the bone will resorb. For titanium and one of its widely used alloys, Ti6Al4V, E is
about half of the other metals (110 GPa) therefore this property also makes Ti the material of

choice in these applications (Figure 6).
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Titanium readily reacts with gaseous elements in air at high temperatures therefore
prevention of metal from any contamination is required. Without a well controlled vacuum,
titanium surfaces will be contaminated, reducing strength and ductility and promote cracking
mechanism. Because of the low density of titanium it is difficult to cast in conventional,
centrifugal-force casting machines. These make casting procedure more difficult and more
expensive. Advanced casting techniques are nowadays applied, which combine centrifugal,
vacuum, pressure and gravity in specially designed furnaces. Thus casting process has been

developed and now it is available.®
1.2. Applications of titanium and its alloys in dentistry

Titanium and its alloys are widely used as medical or dental implants in consequence
of their appropriate mechanical properties, good biocompatibility and excellent corrosion
resistance.!?

Their most important applications in dentistry are: endosseous dental implants,
surgical implants for fixating or replacing hard tissue, crowns and multiple-unit fixed
restorations, partial removable prosthesis used in prosthetic dentistry, Ti brackets and dental

arch wires in orthodontic dentistry (Table 3), and appliances for endodontic treatment.
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Metal or alloy Application fields
Pure Ti crowns, partial dentures, dental implants
Ti6Al4V alloys structural elements for dental implants
TiNi alloys orthodontic wires, endodontic instruments
Ti6A17Nb surgical implants
Ti13Nb13Zr, TiMo, Ti30Pd, Ti20Cu, dental implant, orthodontic archwires,

Table 3. Applications of titanium and its alloys in dentistry (pure Ti: http://en.wikipedia.org/wiki/Titanium;
Ti6Al4V:http://en.wikipedia.org/wiki/Titanium_alloy; TiNi alloys:http://en.wikipedia.org/wiki/Nickel titanium;
Ti6Al7Nb, TiMo, Ti30Pd, Ti20Cu :http://en.wikipedia.org/wiki/Titanium_alloy, S. Génin, P. Laheurte, A.
Eberhardt, MP. Filleul: Testing the mechanical properties of titanium molybdenum preformatted orthodontic
archwires under tensile stress — A preliminary report European Cells and Materials Vol. 10. Suppl. 4, 2005 (page
11) ISSN 1473-2262; Til3Nb13Zr: 14)

1.2.1. Prosthetic, endodontic and orthodontic appliances

Ti is used in prosthetic dentistry to manufacture titanium-ceramic crowns, multiple-
unit fixed restorations, and denture base too (Figure 7).%7

As shown by Boeckler et al. the clinical performances of the CAD/CAM (computer-
aided design/computer-aided manufacturing) titanium ceramic crowns followed for 3 years
were acceptable, with no biologic complications and a high cumulative survival rate.!>
Boeckler et al. found, that the CAD/CAM titanium-ceramic fixed partial dentures (FPDs)
survived in the mouths of patients without major complications for 3 years, although the risk
of porcelain fracture appeared to be relatively high.'® Titanium and its alloys are not the best
common used metals for porcelain-fused-to-metal (PFM) restorations, due to the arising
difficulties in processing: high casting temperature (2000 °C), rapid oxidation, reactions with
investments. Special low expansion porcelains (coefficient of expansion of 9x10¢/°C) need to

PFM restorations with titanium alloy (Ti6Al4V).6

Figure 7. Gradia (aesthetic cover-up) on Pure Titanium
Crown. (http://hktdental.com/html/2_gc gradia.html)



http://en.wikipedia.org/wiki/Titanium
http://en.wikipedia.org/wiki/Titanium
http://en.wikipedia.org/wiki/Titanium_alloy
http://en.wikipedia.org/wiki/Titanium_alloy
http://en.wikipedia.org/wiki/Nickel_titanium
http://en.wikipedia.org/wiki/Nickel_titanium
http://en.wikipedia.org/wiki/Titanium_alloy
http://en.wikipedia.org/wiki/Titanium_alloy
http://hktdental.com/html/2_gc_gradia.html
http://hktdental.com/html/2_gc_gradia.html
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Xie et al. examined the effect of different denture bases on the phonetic parameters.!”
It was found that titanium denture base provides a satisfying form of articulate position with
thinner front palate thickness; therefore it is recommended as denture base. Titanium alloys
can be used to manufacture wire clasps of removable partial denture too. The B Ti alloy wire
may be applicable for abutment teeth with a large number of undercuts.!® Clasps made from
titanium and its alloy (Ti6Al4V) was compered with clasps made of cobalt-chromium. The
results proved that there was more loss of retention for clasp made from cobalt-chromium
than for titanium and its alloy; porosity in cobalt-chromium clasps was less than in titanium,
and the porosity in titanium clasps did not cause fracture or permanent deformation.®

In conservative dentistry during root canal treatment Ni-Ti (nickel-titanium) or
stainless steel hand instruments are applied frequently (Figure 8). For treating a tooth with a
large curve of the root canal, the best solution is to choose very flexible instruments to avoid
damages of the tooth. The NiTi files and reamers are five times more flexible than stainless

steel .6

Figure 8. Nickel titanium (nitinol or NiTi) endodontic rotary files.
(http://www.1lu.edu/dentistry/news/index.page?story id=1152)

Ti brackets are one of the most important applications of Ti in orthodontic dentistry.!°
Dental arch wires and orthopedic braces are usually made from the special titanium-nickel
(TiNi) alloy.!?° The TiNi alloy show unusual properties, as after it is deformed the material
can snap back to its previous shape following heating of the material (Figure 9).

This phenomenon is called shape memory effect and it was first observed by Buehler
and Wiley at the US Naval Ordnance Laboratory. Since then, these alloys have several
applications, as orthodontic archwire, intracranial aneurysm clip, vena cava filter, vascular
stent, orthopedic staple. Ion-implanted surfaces of nickel-titanium archwires reduce the

bracket friction.®


http://www.llu.edu/dentistry/news/index.page?story_id=1152
http://www.llu.edu/dentistry/news/index.page?story_id=1152
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Stainless/steel wire spring

Stress
Figure 9. Stress and strain curve for the

| illustration of the shape memory effect of TiNi
alloy compared with the stainless steel wire

TiNi SMA wire spring ~ spring.’

Permanent Set

Strain

B-titanium is another possibility to manufacture orthodontic wires (Figure 10). The B-
titanium orthodontic alloy (TMA) contains titanium and molybdenium. This alloy has

outstanding formability, capability for permanent deformation and weldability.

Figure 10. Orthodontic fix appliance (http://
www.prestige-dental-care.com.my/blog/
orthodontic-treatment/orthodontic-a-cases-with-
fix-appliance-02.html)

Other titanium alloys (titanium-molybdenum alloy) are investigated to improve the
features of archwires, because the new orthodontic techniques need special materials.

Doshi and Bhad-Patil investigated the static frictional resistance between three modern
orthodontic brackets (made of ceramic with gold-palladium slot, ceramic, and stainless steel)
and four archwires made of stainless steel, nickel-titanium, titanium-molybdenum alloy
(TMA), and low-friction colored TMA.?! According to their results the frictional values for
colored TMA were comparable with those of the stainless steel wires. Ceramic with gold-
palladium slot bracket and colored TMA archwire can be a good alternative to stainless steel

in space closure with sliding mechanics.


http://www.prestige-dental-care.com.my/blog/orthodontic-treatment/orthodontic-a-cases-with-fix-appliance-02.html
http://www.prestige-dental-care.com.my/blog/orthodontic-treatment/orthodontic-a-cases-with-fix-appliance-02.html
http://www.prestige-dental-care.com.my/blog/orthodontic-treatment/orthodontic-a-cases-with-fix-appliance-02.html
http://www.prestige-dental-care.com.my/blog/orthodontic-treatment/orthodontic-a-cases-with-fix-appliance-02.html
http://www.prestige-dental-care.com.my/blog/orthodontic-treatment/orthodontic-a-cases-with-fix-appliance-02.html
http://www.prestige-dental-care.com.my/blog/orthodontic-treatment/orthodontic-a-cases-with-fix-appliance-02.html
http://www.prestige-dental-care.com.my/blog/orthodontic-treatment/orthodontic-a-cases-with-fix-appliance-02.html
http://www.prestige-dental-care.com.my/blog/orthodontic-treatment/orthodontic-a-cases-with-fix-appliance-02.html
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1.2.2. Dental implants and factors influencing their biointegration

Ti was introduced in implant dentistry by chance in 1952 in the Laboratory of Vital
Microscopy at the University of Lund, Sweden, by a team headed by Per Ingvar Branemark,
an orthopedic surgeon. Dr. Branemark’s team designed an optical chamber housed in a
titanium cylinder, which was screwed into the rabbit’s thighbone. After several months, they
realized that the titanium cylinder had “fused” to the bone. He called this phenomena
osseointegration. Many clinical trials were performed to test the success rate, the concept and
the design of Ti implants. Finally, in 1982 the Toronto Conference on Osseointegration in
Clinical Dentistry laid down the first rules on what is to be considered successful implant
treatment and catalyzed also the acceptance and use of dental implants in North America.

Nowadays, endosseous dental implants, surgical implants for fixating or replacing
hard tissue are mostly made from CP Ti and the most common Ti alloy, Ti6Al4V.!20

Dental implants can be classified according to their location (Figure 11a, b, ¢):°

I.  Endosseus implants (Figure 11a): are placed in mandibular or maxillar bone, through the
oral mucosa and covers the edentulous ridge. There are three groups of endosseus
implants:

* root form: inserted in maxillary and

mandibular arch, in a case of A donseoss mpten
completely or partially edentulous
patients

* blade (plate) form: placed in maxillary

and mandibular arch, for completely or

Implants are placed

partially edentulous patients a T

* ramus frame: inserted in a mandibular arch, for completely edentulous

patients

1. Subperiosteal implants (Figure 11b): It is placed on the surface of the bone, under the

periosteum. There are three groups too:
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* complete: it can be applied in the case

of atrophized bone, but it needs

Subperiosteal implant

adequate and stable bone to support

\

: AN

the implant ||\ ———
{ L ontopof jawbone

* unilateral: placed on maxillary or / ;

mandibular arch

* circumferential: used for completely b estioraeient

or partially edentulous patient

III. Transosteal implants (Figure 11c¢): It penetrates the inferior mandibular border, through
the oral mucosa and covers the edentulous ridge. There are three groups too:

* staple: placed in the anterior bone

e single pin: placed in the anterior wl
mandibular arch

* multiple pin: for completely or &

Metal plate joins
C posts together

partially edentulous patient

Figure 11. a, b, ¢ Classification of dental
implants based on their location.®

Nowadays, in clinical practice the root-form endosseus dental implants are the most
frequently used. The success rate of mandibular implants is 96%, 94% and 86% at 5, 10, 15
years, respectively, while for maxillar implants this rate is lower 88%, 82% and 78%.°

The success and long-term prognosis of endosseous implants depend mainly on
three factors: osseointegration (anchorage in the host bone), gingival attachment and the
appropriate transmission of masticatory force (load transfer capacity).

Osseointegration is a complex process, during which a direct structural and functional
connection between ordered, living bone and the surface of a load-carrying implant is
provided.®

The healthy gingival attachment protects the bone-implant junction from oral bacteria.
Damaging the soft tissues around the implant can lead also to damaging the hard tissues

around the implant.
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The gingiva surrounding the teeth is covered by three different stratified squamous
epithelia surrounding the implant. These are gingival, sulcular and junctional epithelium. The
junctional epithelium is the most apical portion, which is an undifferentiated epithelium with
wide intercellular spaces, a likely portal of entry for bacterial antigens. The attachment of
epithelial cells to metal constitutes the primary sealing mechanism of oral mucosa to dental
implant. The soundness of this seal is one of the most important factors of the long-term
success of the implant.??

The chemical characteristics of the implant surface are crucial to the adhesion and
migration of cells because surface chemistry influences the adsorption of various serum
proteins. The adsorption of certain proteins plays a key role in the subsequent cellular and
molecular events that are critical to the attachment of cells to implant surfaces.??

For dental implants, likewise to biomaterials, bio- and osseointegration processes can
be controlled at molecular and cellular level by modification of implant surface. There are
several surface modification possibilities, usually classified as physicochemical and
biochemical methods. The aim of the surface modification of biomaterials is to retain the key
physical (bulk) properties of a biomaterial while modifying only the outermost surface to
influence the biointeraction. Due to this the tissue-interface-related biocompatibility will be
improved or changed.

The main research topics of our group are to investigate the biointegration of
endosseous dental implants and how the chemical and surface microstructural modifications
of these titanium implants influence their biointegration (or osseointegration).

The rationale for the surface modification of implants is therefore straightforward: to
retain the key physical properties of an implant while modifying only the outermost surface to
influence the bio-interaction. As a result, the implant manufacturing companies devote a lot of
research work on developing an optimal Ti implant surface (e.g.: OsseoSpeed, ASTRATECH;
SLActive, Straumann). This question is very complex, not only for the above mentioned
problems, but also because a dental implant has several functional parts (root and neck),
which are in contact with different biological tissues (alveolar bone, connective and epithelial
tissue) (Figure 12). The optimal implant surface is different for any given purposes, thus,
when the goal is to develop an implant surface, then the targeted functional part and the

purpose of the modification has to be specified.
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A
A -smooth surface for epithelial attachment and
to prevent plaque formation
(Polished surfaces: Ra < 0.5 um). B
B -machined, oblique part for proper connective
tissue attachment
C -rough surface: developed for anchorage in the C

bone (Ra> 0.5 pm)

Figure 12. Three functional parts of implant.

In general, in case of a dental implant a smooth surface (A) is developed for epithelial
attachment and to prevent plaque formation, a machined or rough oblique part (B) for proper
connective tissue attachment, and a rough surface (C) for anchorage in the bone. The rough
surface is commonly manufactured by one of the above mentioned physicochemical
modifications, for e.g. oxidation, acid-etching and/or sand blasting.

Although my main research topic was not directly targeting these modified surfaces a
lot of findings and research methods were useful when I investigated the chemical and surface
microstructural alterations of titanium dental implants caused by different decontaminating
and prophylactic agents. The in vitro (cell culturing) studies presented in this PhD work were
performed with the intention to characterize the response of biological materials (living cells)
to these altered surfaces as several experimental studies or clinical observations called the
attention on these problems. It is my belief that these studies represent a huge positive
contribution to clinical implant science, especially if we target the interaction of more and

more used titanium with those chemical agents which are most commonly used in dentistry.

1.3. Prophylactic and chemical agents used in dentistry

1.3.1. Fluoride containing caries-preventive prophylactic agents used

in dentistry

Patients regularly use different oral care products containing F-, such as toothpastes,
rinsing solutions, or prophylactic gels. The Ti alloys applied in the form of orthodontic wire
or as the framework of a prosthesis, therefore come into contact with a wide range of
preventive agents and these F- containing materials can attack the surface of Ti.23242526 SEM

investigations have revealed that topical F- solutions can cause stress corrosion cracking on
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CP Ti.?’” Galvanic corrosion has been reported to occur between orthodontic wires and
brackets (NiTi and CuNiTi) immersed in fluoride mouthwashes.?® Such corrosion has two
undesirable consequences: the mechanical performance of the wire-bracket system
deteriorates, and the risk of local Ni?>* release is increased. As the pH of the rinses and gels
used for caries prevention in dentistry ranges from 3.5 up to neutral, and the F- concentration
in these materials is between 1000 and 10,000 ppm,?’ it is essential for the dental practitioner
to know whether a F- -containing material can attack the Ti surface or can modify the
corrosion resistance of the Ti surface of a dental implant, a prosthesis, or the wires of
orthodontic braces. Besides 0.1-0.15% (1000-1500 ppm) F-, toothpastes contain other
constituents, such as rubbing, cleaning, foaming materials, and calcium complexes, which
reduce the effectiveness of toothpastes by 25-50%.3°

Oxidative agents are well known to exert a corrosive effect on the alloys used in
dentistry, with the exceptions of Ti and other bioinert materials. Indeed, oxidative processes
can thicken and condense the titanium oxide layer on the surface, improving the corrosion
stability of the underlying Ti. On the other hand, reductive agents, such as fluoride (F-), may
have the opposite effect and attack this layer. Strietzel et al. demonstrated that Ti ion release
was enhanced in the presence of F-, and this effect was even further accelerated at low pH.3!
High F- concentrations and an acidic pH are known to impair the corrosion resistance of Ti,
and as a result crevice and pitting corrosion occur.??3334 According to Velasco-Ortega this
titanium alloy (Ti6Al14V) was neither cytotoxic nor genotoxic in any of the tests performed.3?

Although all the above mentioned studies support the inconvenient effect of fluoride-
containing prophylactic gels, there is a huge amount of data documenting that fluoride has a
bone promoting activity when a controlled amount of fluoride is attached to the surface.
Ellingsen et al. proved that, when fluoride ions are incorporated in the titanium oxide layer
the retention of the implants was significantly increased, even when compared to rough
surfaced implants.’%37 The success of the TiO:-blasted surface with a fluoride-modified
titanium dio