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Abstract: Starting from 2008 the authors collaborated in sal/eesearch projects, having the full sup-
port of the Romanian manufacturer of dental impdafiiehnomed Impex Co S.A. The aim of the research
projects was to improve dental implants in ordetbtter osseointegration. Studied materials used fo
base structure of the implants were both materietsmedical purposes acquired from industrial manu-
facturers and new designed materials for human amisl Materials used for superficial layers of ddnt
implants were studied in vivo, respecting ethisalis, but the research has to be continued. Manufa
turing technologies for implants were classic metatting and sandblasting, while the technologyduse
for superficial layers was Pulsed Laser Depositidhe paper presents a brief review of these mdseria
and technologies, also presenting research datarasdlts in some cases.
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1. INTRODUCTION Present research related to dental implants ratgeri
all over the world studies the possibility to usawrbase

Tissue engineering occurred as a promising solutiong,.\ + e materials and new superficial layers.

to reconstruct lost or damaged tissues and orghas,
preventing complications of classic transplants [1]

In this research the lost or damaged tissue ésl tid
be repaired or replaced using tissue substitutéstvmdre
functional during tissue regeneration and evenjuaky
are integrated into host tissue.

Both implant success and new tissue (re)constmcti
depend on the selected material(s).

Biologic molecules and cells together with ownpro
erties of the selected biomaterial(s) influencecbio-
patibility and longevity of an implant.

In the following, will be presented information -ob
tained by authors’ own experience and researchtect!
to conditions which lead to better osseointegratidn
dental implants.

2.1. Materials for the implant’s base structure

Even if there are many known metal alloys, vemy fe
of them may be selected as base structure matéoials
implants. Because of metallic implant corrosion doe
the human body fluids ions of metal are releasdld-in
encing vital processes. Corrosion resistance issafit-
cient to avoid human body reactions to metal tdyior
allergy to specific elements. As an effect, thelanpcan
be rejected.

Titanium is considered to be totally inert to thedy
fluids. For this reason it is considered to bertiest bio-
compatible material.

Titanium comes in a very wide range of grades [3],
out of which only the first four grades mean ungdid
titanium (purity of approx. 99%). Tensile strength
2. MATERIALS FOR DENTAL IMPLANTS these grades rises from 240 MPa to 550 MPa (Table 1

From the beginning it must be underlined thatén r This means the more impurities contains the puee ti
search were used two types of implants: real hudesm ~ Nium, the higher strength it has (see Table 1).
tal implants, manufactured by Romanian manufacturer Human body anatomy limits the dimensions of the
Tehnomed Impex Co S.A. using its own Romanian patimplant. This imposes higher strength, which leadhe

ent [2] and special disc implants used for in vies practical conclusion that titanium grade 4 will ber-
search. mally used as base structure material.

Table 1
Impure elements of pure titanium (ASTM F67-06)
" Sorin Mihai CROITORU: 313 Spl. Independeiy Sector 6, Grade Elements% Rm |
060042 Bucharest, ROMANIA, Fe (@) H C N MPa
Tel.: +40214029174; +40214029369; mobile: +40728633 Ti-grd. | 0.2 | 0.18] 0.0150.08| 0.03 240
Fax: +40214029420. : E
. . . . . Ti-grd. Il 0.3 | 0.25| 0.0150.08 | 0.03 345
E-mail addressesorin.croitoru@gmail.conS.M. Croitoru), - -
ion.mihailescu@inflpr.rql.N. Mihailescu), T_|-grd. Il 03 | 0.35 0'0151 0.08] 0.05 450
a|popov|c|@gma||con0|A Popov|c|) T|'grd v 0.30 0.40( 0.0150.08 | 0.05 550
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An even higher strength has titanium grade 5, whic Table 2
is the reference titanium alloy, Ti6AI4V. Its typicten- Tensile test results for the new material
sile strength is 1 000 MPa. Modulus Tensile stress | Tensile strain at
Because Ti6AI4V is not pure titanium and because 0| (Automatic at Tensile Tensile Strength
its high strength, it is used in many cases forlami{s Young's) Strength (%)
which have small dimensions and do not have contac (MPa) (MPa)
with human body fluids (contact only with bone).i§h 75303.48390 830.97295 24.51329

means dental implants could be made of Ti6Al4Vga-s
cific designed cases.

Having so many advantages, titanium and its alloys
have also some important disadvantages:

being a metal, it can make a pile inside the body,

leading to the retraction of bone,

its grey colour is unnatural into the mouth.

These disadvantages lead to the use of zirconi:
(Zr0O,) as base structure material for implants [4].

It has eliminated the disadvantages of titaniunt,ib
has its own disadvantage, meaning its hardnessdéine

tal implant made of zirconia can be manufactured by Fig. 2. Tensile test characteristic curve.
cutting only using diamond tools in case of Romania
dental implants manufacturing. TiO; is formed. This gives to titanium implants a bette

Because zirconium is material similar to titaniuin, corrosion resistance and a good osseointegration, i
appeared the idea of making an alloy of these tetals.  which the bone adheres to the implant without mfisa-

In one research project a new alloy was elaboratedion. This means that TiOis a good surface layer for
using these two elements: titanium and zirconiure: B 0sseointegration.
cause it was not yet patented, we will not giveedmpo- Modern researches study new materials for surface
sition, but will present research of its tensilesgth. layers, such as calcium phosphates, which areasiral

Research was done in University “Politehnica” of the mineral substances in the bones and have argeod
Bucharest, laboratory of Strength of Materials Ddpt sponse of the organisms being used in implantsiappl
was a tensile test, using a sample of the new mahter tions. In researches we used hydroxyapatite andpP
(Fig. 1). ( -Tri-Calcium-Phosphate).

The tensile test was done on INSTRON 8801 tensile Hydroxyapatite (HA), Cal0(PO4)6(OH)2, is used as
testing machine having an INSTRON 3520 controla model for inorganic compounds of the bones aethte

equipment. It has the highest stability and the less solupitit all
The test revealed taht the new material had a verygalcium phosphates.
high tensile strength, as seen in Table 2 andZig. HA with calcium deficiency, having the formula
CalOox(PO4)6x(HPO4x(OH)2x%x, 0 x 1 and carbon-
2.2. Materials for implant surface layer ated HA’s have great importance in biological syste
Up today it is well known that titanium, beingdon-  being major inorganic compounds of the bones aeiihte
tact to air or water, rapidly oxidizes and antlaiyer of HA's with calcium deficiency have the same ratio/fCa

as bones do (approx. 1.5), being more suitabléctod-
cal applications than stoechiometric HA [6, 7]. €le
cal-biological processes as catalysis, ionic chaage
degradation in physiological solutions are strondbr
pendant on Ca/P ratio [7].

In order to improve mechanical properties and bio-
logical behaviour, hydroxyapatite may be doped with
zirconia (ZrO2). Nanopowders used in these stugere
produced by Latvian manufacturer, Plasma And Ceram-
ics Technologies Ltd., in collaboration with Instg of
Inorganic Chemistry of the University of Riga.

Calcium phosphates have also different forms, such
as tri-calcium phosphate (TCP, haviagnd crystallo-
graphic forms), di-calcium phosphate (DCP) etc1920
Albee discovers that tri-calcium phosphate stinedat
bone formation [8].

Researches were maitevivo, on rabbits, respecting
ethical issues, using surface layers of HA af€P on
disc and threaded prototype implants (Figs. 3 dndrd
case of disc prototype implants, disc implants hg\HA
and TCP submicronic surface layers [5] were used and
Fig. 1. Sample of the new materia- before tensile test; in case of threaded prototype implants we usedctiae

b - after tensile test. implants having surfaced HATCP and bioglass submi-
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Because the average alveoli dimension-i40B6 of
the particle diameter, this means the used sartitigas
particles will have 0.25 mm diameter.

There are also other technologies for obtaining su
face roughness, but in case of dental implantstdasd
ing is the best from osseointegration point of vigig.
5).

Fig. 3. Radiography of rabbit leg with disc prototype imyp&a

Fig. 4. Radiography of rabbit leg with threaded prototype i
plants.

cronic surface layers. Obvioulsy, reference imdrav-
ing no surface layer, better said having only ow®,T
surface layer, were also used.

Research results were inconclusive, meaning the
number of experiments was too small. Still, asrgari a
mediate observation, the surface layers of HA ah@P
were as good as Tgdwn surface layer of the implants,
from osseointegration point of view. This could mea
without being final, the naked titanium implant® as
good as the implants having HATCP and bioglass
submicronic surface layers.

3. TECHNOLOGIES FOR DENTAL IMPLANTS

As previous told, dental implants are manufactured
by classic cutting technologies. The news appeadet
tails, meaning the surface of the implant.

Ideal surface of titanium implant has to preset f
lowing characteristics:

- absence of impurities (foreign bodies),

high chemical and mechanical stability,

adequate morphology to a good cell adhesion and b

bone growth,

adequate surface roughness for a good bone-implant

interaction on long term.

The last two parameters are essential to body re-
sponse. They can assure a rise of bio-compatihifityo
10 times.

3.1. Sandblasting

Many years ago, maybe more than 10 years, some
Romanian researchers [2] designed a dental imphant
two steps [2, 9], see paragraph 4. One of the problto
be solved is micro geometry of dental implant stefa

The average dimension of the bone cell is 0.02tcim
0.03 mm. This means the surface micro geometrjef t
implant should have alveoli of same dimension ircivh
bone cells will grow and live after.

The real manufacturing technology, which obtains c
these alveoli is sandblasting. This technology ragam Fig. 5. Different technologies for obtaining micro georyetr
pact between particles of sand (or particles ofl maate- surface of the implantst - typical mechanical polishing sam-
rial, i.e. ALO3) and base material of a workpiece, gener- ple; b - typical corroded sample;

ally, a dental implant (human implant), especially. c- typical sandblasted sample.
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Obviously, as seen in Fig. 5, there are diffetenh-
nologies to obtain needed micro geometry of dental
plant, but the real criterion to select these tetdgies is
the cost. Sandblasting is one of the cheapest tduties
of all technologies used in dental implants mantufac
ing. This is, obviously, the criterion used in réié by
dental implants manufacturers to select used tdohno
gies.
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The only disadvantage of sandblasting is that sand

particles can be fixed into the dental implant acef dur-
ing sandblasting, remaining onto the implant. Tii#

surely cause the rejection of the implant by thenan
body. In order to avoid this disadvantage, all fdasted

dental implants should be visually checked at micro

scope.

3.2. Pulsed Laser Deposition

Fig. 6. General PLD equipment used
in experimental research.

Growth of thin layers using PLD/RPLD method(s)

Pulsed Laser Deposition method (PLD) is widely n55 numerous advantages:

used for thin surface layers, particularly for metls and
combination of materials that cannot be processaidye
by other methods [10 and 11].

The main reason of PLD progress is that materials
having any complicated composition maybe transterre

to a substrate without changing stoechiometric cmsip
tion. Control of material stoechiometry in transtee-
tween target and surface layer film is obtainetiegity
working in vacuum, or using inert or reactive gaséal-
tilayer structures can be easily obtained, thickresthe
layer being accurately controlled (0.1 nm).

Process of thin layer growth using PLD evolves in

four successive steps:

1. action of laser beam onto the target;

2. dynamics of ablated material (target) — plasxzae-
sion;

3. interaction between ablated material and a satlest
having a controlled temperature;

4. nucleation and growth of the layer onto the emibr
(implant) surface.

laser source is external from deposition chamber,
giving a great flexibility in material use, layee@me-

try and deposition parameters adjustment;

most materials can be laser ablated;

because of pulsed laser layer growth rate is atayra
controlled (in fractions of angstroms);

ablated material quantity is localized in plasma vo
ume generated by laser pulse;

in optimal deposition conditions stoechiometry of
deposed layer is identical with the target’'s, ef@n
complex and unstable materials

high energy of ablated species leads to adherent ob
tained layers;

new phases of material can be obtained.

General PLD research equipment used in our experi-
ments (at National Institute for Lasers, Plasma Rad
diation Physics) is presented in the following (Féy. A
laser pulse of great shine, generated by an exdaser
source KrF* [ = 248 nm sitFWHM » 25 ns), gets in-

Each Step is important to control |ayer parametersside the reaction chamber through a qual‘tZ windeny.

like stoechiometry, density, cristalinity, unifortyniand
roughness.

ergy of the laser pulse can be regulated in ranfge o
10- 700 mJ and it is monitored by a Coherent system.

Energy of plasma species and distance betweeattargDuration of laser pulse is measured and visualzedn

and collector are important parameters which datem
layer quality.

oscilloscope Tektronix 350 D.
Laser beam is focalized on the target surface by

Temperature of substrate’s surface has a detenmina means of a cylindrical lens situated inside theodéjon

role in diffusion ability of atoms. High temperaggrare
favourable to rapid growth of crystals, but low mama-
tures or high saturation may perturb crystals gholead-
ing to high disorder or amorphous structures.

Due to possibility of independent variation of man
parameters, PLD is a versatile technique to obtiais
layers with great diversity of morphological andust
tural characteristics [£20].

All parameters can be controlled in order to of#téam
regime for obtaining structures and thin layers.iriMia
deposition parameters are: wavelength, fluencyerlas
frequency, pulse duration, substrate temperatues, af
laser spot, deposition geometry, nature and presstir
gas in deposition chamber.

If ablated material reacts with ambient gas compos
tion of the layer deposed may be different fromtdrget
one. This is the case of Reactive Pulsed Laser épo
(RLPD).

chamber. Incidence angle of the laser beam onattyet
surface is 45°. Before entering into the depositbam-
ber, the substrate is cleaned using an ultrasoath. b
During deposition target is rotated and translatearder
to avoid punching, to efficiently use of the targatface
and to obtaining uniform deposition films. As wedle-
composition of target material because of multipta-
diations is avoided.

Heating and cooling processes are controlled with
temperature monitor device.

In order to avoid any contamination and to guaant
gas purity during deposition process, the reactioaim-
ber is under vacuum of fOPa, using a high vacuum
pump. Dynamic pressure of ambient gas is kept eohst
during deposition.

Before introducing in the chamber targets arerdda
by chemical methods. To avoid residual contamimatio
before real layer deposition, 1 000 consecutivaraley



S.M. Croitoru, I. Mihilescu and I.A. Popovici / Proceedings in Manufaicty Systems, Vol. 9, Iss. 1, 2014 / 47-52 51

pulses are applied. During this phase, a scregsésted Table 3
between target and collector in order to eliminatgal PLD conditions for thin films of ZrO2:HA and b-TCP
ablated substance containing impurities. on threaded dental prototype implants

In a deposition process several targets can be, use [ Target | T (°C) | Distance | Pressure | Energy
being made of the same material or different malte(in target- (Pa) (mJ)
case of multi-layers. substrate

The equipment has a carousel having the posgibilit (cm)
to fix up to five targets, for deposing up to figéferent HA 450 4 45 500

layers successively. Otherwise, opening the ddpasit

chamber could lead to modifications of the layensh- Bigglsza?ss 400 4.5 13 (02) 150
stances by means of oxidation or adsorption of cudés bTCP 200 7 13 (02) 35

on the surface layer.
Table 3 (continued)

3.2.1. Experimental cond_itions / Laboratory technoJ_ Target Spot | Fluency | No. of | Heat treatment
ogy. Quality and properties of surface layers obtained (mm? | (Jlcn?) | pulses | after-deposition
using PLD depends on the targets’ characteristics. HA 9 556 10.0000  Vapours9,
compact and hard target having small roughnessief s 6hrs
face will give good quality deposed layers by lésfects Bioglass 8 1.88 10.000  VapoursB,
and a reduced consume of target material. 6P57 6hrs

In order to obtain compact powder targets of an im| b-TCP | 9.42 2.49 | 10.000  Vapours@,
posed diameter a special mould is used on a hydraul 6hrs
press.

More compact, stable and hard targets were olgtaine  AS in previous case, all depositions were madegusi
by heat treatment at high temperatures, restriotidyglby @ laser pulse frequency of 10 Hz

the melting temperature of the components. It weedu  After deposition, all samples in both sets weeatied
sintering process in a Carbolite oven, which allosat-  in water vapours for 6 hours. During this treatmee
ing and cooling constantly, avoiding heat shockat th Samples were heated at same temperature as thesede
lead to cracks into target. during deposition. Role of after deposition treatirie to

HA targets were obtained by pressing at 3MPa andnaintain stoechiometry of the surface layer andrave
sintering at 3800 °C for 6 hours. crystals of covered substance.

In the experiments were used laser pulses gederate Main disadvantage of PLD is manufacturing cost,
by excimer laser source KrF* (LambdaPhysik/CoherentMeaning high cost of the equipment and the fadtithsa
Radiation COMPEXPro 20%, = 248 nm andFWHM » ~ Meant for research, not for production.

25 ns).
For the experimental prototype implants two sdts o 4. TYPES OF REAL DENTAL IMPLANTS
films were deposed. There are two main types of threaded dental intglan

For the first set, ZrO2:HA anb-TCP films were de- iy one step and in two steps.
posed on Ti substrates (discs having diameter mh8,
which were implanted in rabbits tibiae, respecttigical 4 1. One step dental implant
issues in biOlOgical studies. EXperimental PLD dend This one Step means the |mp|ant can be and it is
tions were as presented in Table 2. All depositivese  really used after implantation. Generally, theselants
made using a laser pulse frequency of 10 Hz. are orthodontic (Fig. 7).

For second set HA, TCP and bioglass layers were  As seen in Fig. 7, dental implants have threaded
deposed on threaded prototype dental implants. eThesgandblasted surface.
implants were also inserted in rabbit tibiae, respg

ethical research issues. 4.2. Two steps dental implant

» o _ Table 2 These usually threaded dental implants imply two
PLD conditions for thin films of ZrO2:HA and b-TCP phases (steps) — see Fig. 8:

on disc prototype implants

Target T (°C) | Distance | Pressure | Energy
target- (Pa) (mJ)
substrate
(cm)

ZrO2:HA | 450 4.5 50 470

b-TCP 400 4 13 (02) 235

Table 2 (continued)

Target Spot Flu- Num- | Heat treatment

(mm?) | ency ber of | after deposition
(J/cm2) | pulses

ZrO2:HA | 8.12 5.79 10.000 Vapours ,®,

6hrs

b-TCP 9.42 2.49 10.00Q0 Vapours 8,

6hrs Fig. 7. Orthodontic dental implants.
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M. Maris, F. Popovici, D.A. Maris, R. Stanciu, Pdt&e-
quest No. A/00972/2009ental implants covered with
submicronic layersRomania.

[6] S.C.Liou, S.Y. Chen, H.Y. Lee, J.S. BoBipmaterials25
(2004), pp. 189196.

[7] J. Elliot, Structure and chemistry of the apatites and other
calcium orthophosphateslew York, Elsevier, 1994

[8] H. Yuan, K. De GrootNATO Science Series II: Mathe-
matics, Physics and Chemistigpringer Netherlands 171,
2005, pp. 3757.

[9] A.l. Popovici, Osseointegration of Dental Implant®hD
Thesis, University of Medicine and Pharmacy, Bucsiare
2008.

[10] I.N. Mihailescu, E. GyorgyPulsed Laser Deposition: An
Overview in: International Trends in Optics and Photon-
ics, T. Asakura (Ed.), Springer, Heidelberg, 1999

[11] D. Bauerle,Laser Processing and Chemistrgpringer-
Verlag, 3rd edition, 2000.

12] M. Popescu, F. Sava, A. Lorinczi, M. Stegates®. Geor-

gescu, I. N. Mihailescu, G. Socol, D. Stanoi, L.r&xi,
A. Kokenyesi, M. Leonovici, D. WagnePreparation and
properties of langasite and YAG amorphous fildmurnal
of Optoelectronics and Advanced Materials Vol. B, I,
April 2005, p. 963-966.

[13] E. Gyorgy, G. Socol, E. Axente, I. N. Mihaites C.
Ducu, S. CiucaAnatase phase TiO2 thin films obtained by

Fig. 8. Two steps threaded dental implant.

1. dental implant screw insertion, followed by gl
period (see Fig. 8, lower element);

2. upper structure assembly, meaning dental crixed f
on dental screws with fixing screws and abutments
after healing period (see Fig. 8, middle and upper[
elements).

5. CONCLUSIONS

After several years of research and manufactusing
dental implants some conclusions can be underlined:

- base structure materials for dental implants @¥agbe
not only for dental implants are titanium and ziricon,

pulsed laser deposition for gas sensing applicaidp-
plied Surface Science, 247, 2005, pp.-4238.

which are similar metals from the chemical point of [14] E. Gyorgy, G. Socol, I. N. Mihailescu, C. Dud@L, Ciuca,

view, inert to human body fluids, together with ithal-
loys;

Structural and optical characterization of WO3 tHilms
for gas sensor applicationsJournal Appl. Physics 97,

2005.
[15] L. Tortet, F. Guinneton, O. Monnereau, D. $tais. So-

) . col, I. N. Mihailescu, T. Zhang, C. Grigoreseptimiza-
own research related to surface layers matdsalis to tion of Cr8021 targets for Pulsed Laser Depositi@nyst.

the conclusion that naked titanium and titaniunoyal Res. Technol. 40, No. 12, 2005, pp. 1124-1127.

implants are as good as surface layered titanium im[16] p. Stanoi, G. Socol, C. Grigorescu, F. Guinnet®.
plants, meaning Ti@is at least as good material for sur- Monnereau, L. Tortet, T. Zhang,, I. N. Mihailes&@hro-
face layer as other materials like HATCP, bioglass. mium oxides thin films prepared and coated in siith
TiO,, occurring naturally, is not a necessary supplemen gold by pulsed laser depositipMaterials Science & En-
tary manufacturing process to obtain the surfagerla gineering B, vol. 118, issue 1-3, 2005, pp- 7&.

not implying additional costs to the implants; [17] F. Guinneton, O. Monnereau, L. Argeme, D. StaiG.

- PLD is a real method to obtain submicronic swfac S;?OIII_I.'IN'(.)I!\t/lel'[]I?’Ill_eDSCtl:]’ir;r.filznzlgnogk,)tgi.n(j(;l%‘(r)(;ﬁ’]scgl,’géd;nd
layers onto d_ental implants, but it has high ctisk 'used Cr8621 target,sAppIied Surface Science 247, 2005, pp.
actually only in laboratory (research) technology; 139-144.

- the cheapest method to obtain necessary micrmgeo

! ; g - S [18] T. Mazingue, L. Escoubas, L. Spalluto, F. F|ds. Socol,
try of implants surface is sandblasting with 260di- C. Ristoscu, E. Axente, S. Grigorescu, I. N. Mihailes\.
ameter of sand granule.

A. Vainos,Nanostructured ZnO coatings grown by pulsed
laser deposition for optical gas sensing of butaimurnal
of Applied Physics, 98(7) October 1, 2005.

[19] S. Bakalova, S. Simeonov, E. Kafedjiijska, AeBeres, S.
Grigorescu, G. Socol, E. Axente, I. N. MihailesElectri-
cal properties of MIS capacitors with AIN films dyet
sized by pulsed laser depositjoRlasma Processes and
Polymers, 2006, 3, 205-208.

- there could also be used as base structure @atei:
loys between titanium and zirconium;
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