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Abstract: Dental and orthopaedic implants are supposed tddséed from medical and/or engineering
points of view. This paper presents some engingexperimental research the authors made, related t
titanium implants produced by the Romanian manufactof dental implants, Tehnomed Impex Co S.A.
and the National Institute for Research and Dewveldept in Mechatronics and Measurement Technique
of Bucharest (orthopaedic implants). Part of theenmental research was performed in the framework
of a research contract financed by Romanian Migistf Research and Education. The tests related to
torsion resistance after chemical treatment of ithplant were performed in order to see if the inmpla
has the same (or at least enough) resistance dvenviall thickness is diminished after chemicakbt-
ment and its surface’s micro geometry is modifiadhis case the implants have enough resistanog co
pared to the non treated implants, but the microrgetry has lower quality because of the chemical at
tack. Tests related to the crystallographic struetof the implant's material compared the methotls o
obtaining the implant: rolled bar and rapid protping laser sintered bar. In this case the rapidtpro
typing laser sintered implant has a more compagst@allographic structure, but the cost is greater.
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l
1. INTRODUCTION o’
This paper presents the research on implants made b Hex.(S) 10,61
the Romanian manufacturer, Tehnomed Impex Co S.A. ‘
and the National Institute for Research and Devakt N—
in Mechatronics and Measurement Technique. The re- o

search subjects were imposed by special chemieal-tr
ment of the implant surface or manufacture method. 1

In case the surface of the implant is chemically M
treated a thickness diminish of the implant’s walin- Qt
volved due to the chemical reaction. This thickneiss
minish could be as much as 0.06—-0.1 mm. Dental im-
plants made by Tehnomed Impex Co S.A. have small 7
wall thickness, less than 0.5 mm, between the inner (
threaded hole, used for fixing the superior strrectand
external thread used for fixing into the jaw bohéy( 1). g

During the insertion into the bone, the implans & é%,
be screwed, thus implant torsion is involved. Toléofv- )
ing question appeared: will the implant cease tsito D 005
during the insertion because the smaller wall théds
due to the chemical treatment? The answer to thés-q
tion is given by the torsion test of the implantgth
chemically treated or not. . o )

Another question appeared because of the new tital€rsonalized orthopaedic implants. Because therraite
nium implants manufacturing method which is rapid-p " this case titanium, is layered point to pointfie re-
totyping. This method is used by the National tngti sulted material porous? In order to answer thisstjoe

for Research and Development in Mechatronics andWo Samples of titanium, one sample of rolled bad a
Measurement Technique of Bucharest to matwfac ©N€ Sample obtained by rapid prototyping, wereistud
related to their crystallographic structure.

Both research subjects lead to interesting cormhssi
" Corresponding author: 313 Spl. Independin Sector 6,  but it should be mentioned the implants were vergdy

L 01

Fig. 1. Dental implant (Tehnomed).

06|0942 Bucharest, Romzqié}' . in all cases, having enough strength to be usegdds
lg);j :igéiiggggg' mobile: +40722623858; the bones they were supposed to replace. The only
E-mail addressesorin.croitoru@gmail.confS.M. Croitoru); threats, other than medical ones were the imposem

pacioga@yahoo.corfA. Pacioga) geometry and cost.
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2. TORSION TESTSOF DENTAL IMPLANTS » the last observation related to the sanded suiface
the same as in case of dental implants made of pure
titanium.

Because diminish of the dimensions of the cheityical
processed implants the question of implants’ smalle
resistance appeared. This is why some torsion oéste
implants were done, in order to their crack.

It should be mentioned that in addition to thernhe
Q:ally processed implants there were manufactured an
other 3 implants made of pure titanium and another
implants made of alloyed titanium. They were used a

2.1. Preliminary research data
In the framework of a research project two seaks

dental implants prototypeg4x12 mm were chemically

processed. The difference between these two sedss
the implants’ material, respectively pure titaniugnade

IV and alloyed titanium TiAl6V4. Manufacturing and

mechanical testing were done by Tehnomed Impex C

S.A. and POLITEHNICA University of Bucharest, Cut-

ting and Cutting Tools Lab. of Machines and Manufac

turing Systems Dept. Chemical processing of theaden : : :

implants was done by METAV-CD S A. ir;f;;enrlge in torsion tests of the chemically preeds
In order to characterize the dental implants shape

after the chemical processing, there were done uneas

ments at the Cutting and Cutting Tools Lab. of Maehk

and Manufacturing Systems Dept. Measurements were

done on the workshop microscope RK-3, having the ac

curacy of 0.001 mm (Fig. 2).

Evidently, measurements were done before and after
the chemical processing.

Without giving the measurements results, some ob-
servations could be presented in the following.

In case of dental implants made of pure titanium,

grade IV:

» head of the implant is no longer cylinder, but adia

» generally, the dimensions diminish after chemical
processing by 0.02 mm, in average, with a minimum
of 0.008 mm and a maximum of 0.085 mm for differ-
ent dimensions;

» chemical reaction is not uniform, leading to thaysh
modification of the implant;

* in one case, a chemical deposition was observed,;

» comparing the sanded implants to the sanded and
chemically processed implants a pregnant alveolar
structure is observed in the first case. In theosdc
case, the alveolar structure is lower, even disague
in some areas.

In case of dental implants made of alloyed titamiu

TiAI6V4:

» one implant presents depositions;

» diminish of the dimensions is 0.007 mm minimum

and 0_'044 mm _max_lmum; . . Fig. 3. KISTLER dynamometer:
» chemical reaction is not uniform, however the im- a - measuring element and non-contact receptor;
plant head looks more like a cylinder than a barrel b — CPU and PC with specialized software Dynoware.

compared to the pure titanium implants;

Fig. 4. Prototype implants, KISTLER dynamometer measuring
Fig. 2. Workshop microscope RK-3. element and used tools for insertion.
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being the real ones. However, some tests were rtade
verify the dynamometer functioning, for reasong thidl
be presented in the following.

First test was done by screwing the first refeeenc
dental implant made of pure titanium into a pig éoim
which were made holes of 3 mm diameter, unthreaded
(see Fig. 5). The aim was to self threading thelamip
followed by its blocking and, eventually, cracking.
should be mentioned that in the real case the impta
screwed into a threaded hole.

Torsion moment is presented in Fig. 6. It was con-
cluded that the torsion moment does not increaseeab
1.34 Nm because the adaptor deformed losing its hex
agonal shape. It could be possible that the hexagon
shape of the adaptor was not accurate from thenbiej
(the adaptor could be used). Consequently, anather
hexagon shape was cut; the experiment was remade ob
taining the situation in Fig. 7.

Again, the hexagonal shape of the adaptor deformed

Because the adaptor was made of alloyed titanitum,

Fig. 5. Prototype implants, used tools and bone for inserti was considered that if the adaptor will be madeaobon
steel for cutting tools it will resist. So, withehnew

Measurement of the torsion moment was done in thé@daptor made of carbon steel for cutting toolsrtieas-
Cutting Tools Lab. using a KISTLER dynamometer with urement was the one presented in Fig. 8

the sensible element used for measuring drillingjiroy In this last test the hexagonal adaptor deforngzdna
forces: axial force and torsion moment. The dynamom Furthermore, the pig bone cracked between theainiti
ter is presented in Fig.8andb. hole and its end. This shows, if necessary, theriios
Tested implants and some of the used tools farins must be done in a threaded hole made in the bone.
tion (tubular wrench and implant adaptor) are prees® In these circumstances, the tests done on the- refe
in figure 4. ence 1 dental implant made of pure titanium wasaba
Considering that the real danger for dental implan doned.
cracking occurs during its insertion into the botte Table 1
following insertion was designed: the dental implé&a  Chemical composition of puretitanium grades (ASTM F67-
inserted into a pig bone, by its torsion using &algenal 06) in mass per centage and tensile resistance
adaptor, the negative hexagon of the dental implant Alloy Gradel | Grade2 | Grade3 | Gradea
The adaptor is driven by means of a tubular wrench| gjement
which is fixed into the collet of the KISTLER meaisigy Nitrogen, 0.03 0.03 0.05 0.05
element (see Fig. 8~ tubular wrench fixed into the col- | % max
let and Fig. 5 — set of tubular wrench). Carbon, 0.08 0.08 0.08 0.08
In fact, the pig bone was driven (rotated) white t | % max
rest of the elements were fixed. The KISTLER measur| Hydrogen,| 0.015 0.015 0.015 0.015
ing element sensed the torsion moment during tiseri % max
tion operation. Iron, 0.20 0.30 0.30 0.50
In respect to ASTM F67-06, chemical composition of
pure titanium and tensile resistance are presantda- ;)X%%in‘ 0.18 0.25 0.35 0.40
ble 1, for each gra.de' L Titanium, rest to rest to rest to rest to
From Table 1 it is revealed tha_t with _mcreasgﬂmzf % 100% 100% 100% 100%
alloy elements percentage the tensile resistanceases. R,, MPa 240 345 450 550
The same trend exists in case of alloyed titanitemsile
resistance reaching even 320 MPa. This means, Reference 1 pure titanium, test 1
practically, the tensile resistance of the alloyiéahium iy
is twice the tensile resistance of the pure titamiu 1’47
. 1,2 ﬁ
2.2. Experimental results ) 4 1IN,

The experiments objective was to reach the torsion o '
moment for cracking chemically processed dental im- 0'67
plants, in order to compare them to not chemicaityc- 0‘4

Mt, Nm

essed dental implants. M N
In the following, the succession of the experirsent . |
will be presented, together with the graphs oftthsion 5 1 "5 5 % %

0,2

moment measured with KISTLER dynamometer.
It should be mentioned from the beginning the dyna
mometer has its own adjustments, the measured s/alue Fig. 6. Experimental torque, 1-st not treated implant, test

time, sec
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Reference 1 pure titanium, test 2
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Fig. 7. Experimental torque, 1-st not treated implant, 2est

Reference 1 pure titanium, test 3
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Fig. 8. Experimental torque, 1-st not treated implant, 3es
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Fig. 9. Experimental torque, 2-nd not treated implant, ies
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Fig. 10. Experimental torque, 2-nd not treated implant, 2es

Fig. 11. Experimental torque, 2-nd not treated implant, 3es
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Fig. 12. Experimental torque, 2-nd not treated implant, 4es

In case of the second reference dental implantemad
of pure titanium, the tests were done using an idium
bar instead of the pig bone for blocking the impland
crack it. Furthermore, two adaptors made of C12@-ha
ened steel for molds were manufactured.

In order to avoid the possibility to deform thexhe
agonal surfaces of the dental implant and the adapt
another external cylinder to cover both cylindribalad
of the dental implant and cylindrical head of thiaator
was manufactured.

Before making the measurements during the torsion
test of the implant a test to verify the measuremange
of the dynamometer was done (Fig. 9). The aim was t
verify the possibility to measure a torsion moméonrt
cracking the dental implants, estimated to be &0

Consequently, the insertion of second reference de
tal implant made of pure titanium was made intooke h
made in an aluminium bar, with the adaptor made of
C120 hardened steel and external cylinder. It caols
served there were done 7 twists and torsion moiehieint
not have values above 1.92 Nm. Hexagonal surface of
the adaptor cracked partially, breaking in the next
periment, presented in Fig. 11.

Of course, the adaptor was changed and the tests c
tinued.

The second adaptor made of C120 hardened steel re-
sisted, but the aluminium bar ceased (Fig. 12). iflne
plant was twisted by means of a gripper, the dental
plant thread being destroyed, but even in thesditons
the torsion moment did not exceed 3.1 Nm (Fig. 13).
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Reference 2 pure titanium, test 5
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Fig. 13. Experimental torque, 2-nd not treated implant, 5es

Sample 1 pure titanium, chemically processed Fig. 15. Crystallographic structure of TiAl6V4 rolled bar
(800x).
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Fig. 14. Experimental torque, treated implant.

Only for information, a single experiment was done
for the first dental implant made of pure titaniciremi-
cally processed, in the conditions of the previexgeri-
ment (Fig. 13), obtaining the graph in Fig. 14. Taesult Fig. 16. Crystallographic structure of TiAlI6V4 laser sintitre
was strictly similar. The torsion moment value meve rapid prototyping sample (88
reached 6 Nm.

2.3. Conclusions of the tests The presented following tests were done in order t
After all these experiments the following conctus ~ see if newly appeared rapid prototyping persondlize

can be stated: titanium implants have more porous structure theasée

1. In practice there is no possibility to forcentéé im- ~ manufactured from rolled bars. This question wasi-mo
plants in the presented experimental conditions. vated by the very rapid prototyping technology, ethi

2. Breaking of the pure titanium dental implanters at ~ deposits material point by point, every point being
last, after the deterioration of the inserting sool Melted and welded to the rest of material.

and/or the bone in which the insertion is made. The National Institute for Research and Develogmen
3. Deterioration of the bone is out of questioacduse N Mechatronics and Measurement Technique has new
the insertion is done in a threaded hole. equipment for rapid prototyping laser sintering tivh-

4. Because the resistance of the alloyed titangudou- ~ Nium powder. This is the reason it is interestedhamu-
ble compared to that of the pure titanium, therrds ~ facturing personalized implants using this techgglo
problem of the resistance of the implants madel-of a ~ In order to compare the two materials proposed,
loyed titanium. rolled bar and rapid prototyping sample, the awgthor
At last, it is considered that the resistanceheftita- ~ made the tests of crystallographic structure at/ehsity
nium dental implant is so great that it is notueficed by ~ “Politehnica” of Bucharest, Faculty of Materials
diminish of the dimensions due to the chemical psse ~ Engineering.

ing nor by the superficial layer resulted. Figure 15 presents the microstructure of a robad
made of TiAlI6V4. This material is used by Romanian
3. CRISTALLOGRAPHY TESTSOF TITANIUM mar)ufacturer of dental implants and other implaletab
IMPLANTS devices, Tehnomed Impex Co S.A.

In comparison, Fig. 16 presents the microstructdire
There are different manufacturing methods of thea sample of TiAl6V4 obtained by laser sintered dapi
titanium implants: cutting from rolled bars, forrginand  prototyping. It can be seen the directions of laksgosi-
rapid prototyping. tions layer after layer.
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Even if the initial aim of these tests was to hea
porous the micro structure of the samples is, tlazee
also other things to be seen.

It can be observed there are more pores in thedrol
bar micro structure than in rapid prototyping staue.
This could be explained by characteristics of the t
technologies: rolling and rapid prototyping. Of ceey
rapid prototyping obtains finer structures thanlimgl
because of point after point deposition, which tetala
more uniform structure.

It is very interesting to see the micro crystals-ig.
15 and not seeing them in Fig. 16. Rapid protofypin
technology involves layers deposition along diffdére
directions layer after layer, which leads to a fiaice-
ment of micro structure.

It could be interesting to make tensile testsheftiwo
types of material structures, to see the differentes is
a future research direction.

4. CONCLUSIONS

This paper presents engineering tests on titasmmHm
plants of two different types:
1. Dental implants made either of pure titaniumgdg
IV or alloyed titanium TiAl6V4, manufactured by
Romanian producer of dental implants and other
medical implantable devices, Tehnomed Impex Co

S.A. Bucharest. These implants were manufactured

by cutting operations and chemically processedhén t
end.

Orthopaedic implants made of alloyed titanium
TiAlI6V4, manufactured by the National Institute for
Research and Development in Mechatronics an
Measurement Technique of Bucharest. These im
plants were manufactured by laser sintered ragpd pr
totyping.

All tests were done in POLITEHNICA University of
Bucharest, in the laboratories of Machines and N
turing Systems Dept. and in the Faculty of Materiati-
ence.

For tests regarding torsion moment of the demtal i
plants made of pure and alloyed titanium, the feily
conclusions can be presented:

1. Tests were done in order to obtain the capaloggon

S.M. Croitoru and A.l. Pacioga / Proceedings in Méatturing Systems, Vol. 8, Iss. 4, 2013 /2324

inserting tools ceased, even if they were made of

hardened steel for molds (usually, they are made of

alloyed titanium).

Finally, the conclusion is that the resistancetha
titanium dental implant, either pure or alloyedsdsgreat
that it is not influenced by diminish of the dimams
due to the chemical processing nor by the supalffici
layer resulted.

Tests regarding the microstructure of the differen
possible methods to obtain the material implantewer
made with the aim to see how porous is the material
considering that pores are stress concentratores.twb
considered methods to obtain the implant’s matevexke
rolling — in case the implant is manufactured biting —
or laser sintering rapid prototyping.

Two important conclusions revealed:

There are more pores in rolled bar used aswmate-
rial for dental implants made by cutting than ir th
implants made by laser sintering rapid prototyping.
This could be explained by the difference betwden t
two technologies, rapid prototyping obtaining finer
micro structure.

Micrograph of the implant made by laser simigri
rapid prototyping revealed a reinforced micro struc
ture of the material, with strings along differelitec-
tions for each layer, as this method deposits pgont
point. This could mean the tensile resistance ef th
implant could be greater than the resistance of the
rolled bars of titanium.
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