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Conclusions. A user-friendly interface is devel-
oped to visualize the blood flow near a selected point
and to calculate its characteristics. The fully automatic
algorithm, based on the properties of the steady Hagen—
Poiseuille flow, was used to segment the vessel shape,
to visualize the blood flow in a set of vessel section and
to calculate its characteristics along the center line. The
software was tested on 25 datasets and provides maxi-
mum and time-averaged values in aorta, pulmonary ar-
tery, left and right ventricles. The results demonstrate
that the developed software can be used in clinics by
medical doctors in order to investigate different valve
and/or vessel pathologies.

Further investigations. All developed algorithms
have to be improved and integrated in the user-friendly
tool. The software must be tested with the use of mul-
tiple data sets in order to select the most important char-
acteristics for diagnostics of different pathologies of
the heart and large vessels.
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EXTENDED ROOT DENTAL IMPLANTS

Yevtifyeyev S.L., Prokopovich L.V.
Odessa National Polytechnic University

Abstract. The most commonly it is used industrial titanium alloys in dental implantology. Fatigue strength of titanium alloy implant
is little and the destruction occurs on the fatigue mechanism. This causes a negative reaction, the patient and the distrust of the companies
manufacturers of data types of implants. Studied: macrostructure fractures, after the surface treatment of various types of implant, namely
- after destruction, once installed in the lower jaw and new. Microhardness was measured on the cross section of the implant, which allows
to conclude on the uneven strength of the section. It is proposed to develop new titanium alloys, as well as consider new designs of implants.

Keywords: implant, root pin, titanium, titanium alloys.

Pe3iome. Haif6irb11 9acTo B CTOMATOIOTIYHIN IMIUTAHTOJIOTIT 3aCTOCOBYIOTHCS IPOMUCIIOBI CIIJIABH TUTaHy. BTOMHa MiIHICTE cIuta-
BiB THTaHy HEBEJHKA 1 pyHHYBaHHS IMIUIAHTIB BiIOYBAETHCS MO YCTAJOCTHOMY MexaHi3My. Lle BHKITMKae HEraTHBHI peakxiii mamieHra i
HezoBipa 10 ¢ipM BUPOOHWKAM JaHHUX THIIIB IMIUTAaHTIB. BHBUEHO: MaKpOCTPYKTypa 3J1aMiB, IIOBEPXHi Micis 0OpoOKH Pi3HUX THIIIB iM-
IUTIAHTIB, a caMe — TTiCJIsl pyHHYBaHHs, MICJIsl YCTAHOBKHU B HIDKHIO IIieJIeny 1 HOBi. BuMipsiHa MiKpOTBepAiCTh 1O MePeTHHY IMIUIAHTIB, 1[0
no3Boisie 3POBUTH BHCHOBOK NpO 1O MiITHOCTI HEPIBHOMIPHO HepeTHHY. 3alpONOHOBAHO PO3pOOHTH HOBI THTAHOBI CIIABH, a TAaKOX
PO3TISIHYTH HOBI KOHCTPYKIIiT IMITJTaHTIB.

Kuro4oBi ci1oBa: iMIIaHTH, KOpHEBHH MITU(T, IEHTaIbHA CTOMATOJIOTS, TiTaH, CTONH TiTaHy.

Introduction. In the widely used dental root im-
plants are kotoroh in that the jawbones twist pins,
which dress and other fixed elements of the implant.
The pin is based, the root element of the implant and its
destruction of the most sensitive for the doctor and the
patient. The study of the destruction causes of the pins

of dental implants will determine not only the destruc-
tion of the mechanisms, but also to help technologists
and doctors in improving the reliability and durability
of these elements.
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Analysis of recent publications and achieve-
ments. For the first time the titanium is used for osteo-
synthesis Levanthol in 1951, but the credit for the mas-
sive use of titanium in implantology belongs
Branemark. However, the use of industrial alloys with
all of their advantages and disadvantages are not com-
pletely Leray allows to identify all advantages of these
alloys. The strongest root implants: Screw and cylindri-
cal. They grow in the bone tissue and fully mimic the
natural root system. However, titanium alloys have
lower fatigue strength and destroyed by alternating
loads directly in the oral cavity that delivers limited to
users in the negative emotions and can cause serious
damage. However, despite this, the titanium alloys are
increasingly being used in dental implantology and be-
yond.

Objective. To study the nature of the destruction
of root implants made of titanium alloys, the cause of
the damage and recommend methods to prevent these
defects.

Statement of the base material. In dentistry
widely used dental root implants, which are installed in
the upper and lower jaw. The dental implant structure
depicted in Figure 1.

Abutment Crown Gum

Crown

Abutment

Implant

Implant Jawbone Fang

Figure 1 — The structure of the dental implant

Dental implants are made of titanium alloys. Due
to the fact that titanium alloys are bioinert materials, as
well as completely coalesce with bone tissue, which al-
lows their use in the body 30 — 40.

Companies — manufacturers of these implants are
mainly located in Europe and the United States. There
are many designs of implants, one of which is shown in
Figure 1. There are also implants with a conical pin
(implant) and a cylindrical shape, with flats on the end
and without them, with vnuirenney threaded for instal-
lation of the abutment and its cone for planting, self-
tapping and self-drilling. The common factor is the re-
quirement that the distance vertically to the bone
should be no less than 6.5 mm.

The materials for dental implants meet the follow-
ing requirements:

1 - lack of pathological changes in the tissues of
the body's organs and disorders of vital functions and
tissues during the entire period of their operation;

2 — materials should not have toxic, carcinogenic
and allergic effects on human tissues and organs;

3 — mechanical strength and durability under alter-
nating loads during chewing;

4 — biocompatibility, namely the formation of
dense bone and fibrous bone connections;

5 — be resistant to corrosion, does not injure the
surrounding tissues, to cause inflammation in the sur-
rounding biological tissues, not cause allergic reac-
tions;

6 — to be simple to manufacture and use of a wide
range of specialists (low cost, manufacturability,
sterelizuemost);

7 —easy to input and output, and it is removed
from the bone without injury.

The materials for implants are: stainless steels, ti-
tanium alloys, mineralokeramicheskie materials of
Al,Os (sapphires of various types) to the abutment, co-
balt — chrome alloys. Since 1951, the most widely used
titanium alloys began. The main advantages of titanium
as compared with other metal-based materials are high
elasticity, sufficient mechanical strength, high corro-
sion resistance in body fluids. The negative properties
of titanium may include fatigue and destruction of the
oxide film in contact with iodine and oxalic acid.

Brand of titanium alloys used in the dental implant
shown in Table 1.

Table 1 — Chemical composition of dental titanium alloys 5832 / Il and ASTM F 67-89

Element Grade 1, % Grade 2, % Grade 3, % Grade 4, % Ti-6Al-4V, %
Nitrogen 0.03 0.03 0.05 0.05 (0.05)
Carbon 0.1 0.1 0.1 0.1 (0.1)
Hydrogen 0.015 0.015 0.015 0.015 (0.015)
Iron 0.2 0.3 0.3 0.5 (0.4)
Oxygen 0.18 0.25 0.35 0.5(0.4)" (0.2)
Aluminum no no no no (5.5-6.75)
Vanadium no no no no (3.5-4.5)
Titan balance balance balance balance balance
“—1S0 and ASTM data coincide in many points with their divergence ASTM figures given in brackets
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Table 2 — Mechanical properties of titanium by ISO 5832 / Il and ASTM F 67-89

Indicator Grade 1, MPa | Grade 2, MPa | Grade 3, MPa | Grade 4, MPa | Ti-6Al-4V, MPa
The tensile strength of 240 345 450 550 (895)
Yield 170 230 (275) 300 (380) 440 (483) (830)

Domestic analogues of these alloys are alloys ac-
cording to GOST 19807-91 VT1-0, VT1-00, VT6 and
VT6-1 [1].

For the research, the following samples:

1 — destroyed titanium implant after extraction —
sample 1, Figure 2, a;

2 — implant after removal from the jaw or rather,
one-piece with plug and manufactured by the same
company — sample 2, Figure 2, b;

1]

i

b

The basic mechanical properties of titanium alloys
western and domestic coincide and are given in Ta-
ble 2.

3 — implant a new one in the state of delivery man-
ufactured by another company — the sample 3, Fig-
ure 2, c.

c

Figure 2 — Samples implant for research: a — destroyed tooth root implant to 4 thread turns; b — a dental implant
with a cap after extraction; ¢ — a dental implant as delivered

The article does not discuss options for destruc-
tion, when blame the subjective factor — namely, the
excess dental implant efforts at tightening pin of the
implant in the patient's jaw. However, there are such
cases, subjective error component but not more than
11 %.Screw of the implant is completely immersed in
the bone tissue and have an internal thread at the abut-
ment. Differences between the samples 1 and 2 are ab-
sent, are minor differences with the sample 3, due to
manufacturing technology manufacturers.

The destruction of the sample 1 in the patient's jaw
in the fourth round of the thread was on the fatigue
mechanism. Fractures are shown in Figure 3. It has a
characteristic fracture focus, characteristic of a mixed
load of bending with simultaneous compression —
stretching. Loads of small, cyclic up to 120 Nxcm
(classification).

Figure 3 — Fracture of the implant specimen 1, the fo-
cus is on the beginning of the destruction zone (x4
zoom2)

Front of fatigue crack propagation is directed
counterclockwise.

Fractometrical fracture analysis shows that there
is a deformation of the thread turns, there was a break
in the bone that is not typical for bending loads. Note
that the bending strength refracted on average 2 — 2.5
times less than in tension. Fatigue strength (endurance)
for titanium alloys is extremely low. The projecting
portion of the abutment to be installed on the internal

13
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thread is located close to the site of fracture focus.
Thread the abutment on the last turn and deformed.

Detailed analysis showed the presence of threads
on internal cracking coils in multiple threads, as shown
in Figure 4, a.

Figure 4 — View thread: a — multiple cracks internal
thread (x4 zoom 2); b — the sample surface the thread
2 (x4 zoom 2)

To determine the cause of damage to the implant
has been extracted from the patient's jaw plug — Anal-
ysis Sample 2. Sample 2 showed that the implant is
manufactured by slicing machining of external and in-
ternal thread, which significantly weakens the cross-
section. Residual stresses of the first kind arising dur-
ing threading are clearly character rastyagivayuschih.
The fourth and fifth turns of microcracks detected, as
ledges and depressions in the thread, as shown in Fig-
ure 4, b. One can see the remnants of the connective
tissue, smooth surface of the thread, without excessive
roughness.

It is known that the machinability of titanium alloy
machining, using the blade tool is low and burrs are of-
ten formed, which is stress concentrators. And this, in
turn, is the focal point of origin of the fatigue crack.

The microstructure is shown in Figure 5. The etch-
ing was conducted reagent Kroll.

On the microstructure can be seen a large number
of non-metallic inclusions, the structure is a typical a-
Ti. This implant is not subjected to a hardening heat
treatment: quenching and aging, and subject only to full
annealing, then confirmed by the study of the micro-
hardness on the PMT-3 instrument and is
HV0.05 191 — 262 Non-metallic inclusions on the fol-
lowing group structure: oxides rounded, irregular ni-
trides shape, slag inclusions and carbides, which is par-
ticularly dangerous in terms of the fatigue strength. In-
termetallic particles are not detected.

Figure 5 — The microstructure of the implant (x486)

In comparison surveyed a sample 3. Sample the
other by the manufacturer and treated other forming
techniques and has a rough surface, as shown in Fig-
ure 6.

The thread of the implant in this case has a larger
pitch and sandblasted surface and manufacturing the
thread was performed by using pressure treatment, pos-
sibly knurled. This treatment creates a residual com-
pression stress, which favorably affects the fatigue
strength due to residual compressive stresses arise. Mi-
crohardness measurements were carried out in three ar-
eas of the internal thread, medium, and external thread.
The results are shown in Table 3.

s 7 4 L
Figure 6 — the thread surface of the sample 3 (x4
zoom 2)

The results show that the greatest hardening and
has internal threads gradually decreases the microhard-
ness of the thread to the projections. In this case, the
internal surfaces can occur tensile stress, which in-
creases the tendency to fatigue failure.

It is advisable to say that the destruction of the
most sensitive pins implant procedure for replacing or
abutment crown is not too difficult. In contrast, in the
destruction of the pin in the jaw pins requires special
extraction technology. Therefore, this item has critical
in dental implantology.

14
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Table 3 — The results of measurements of microhardness

Zone de mesure The measurement zone of the drum division Microhardness, HV0.05
Interior 56 — 62 262 - 318
Average 58 — 66 237 — 303
External (root) 65— 68 233 — 246

Conclusions:

Destruction of a tooth implant pin occurs fatigue
mechanism under complex loading compression bend-
ing. The cause of fatigue failure is the presence of de-
fects after machining, namely nonmetallic inclusions,
and cracks.

Manufacture of implants pressure treatment
should be carried out, not by machining, and in case of
failure of such technology to apply surface hardening
techniques to produce residual compressive stresses on
the threads in order to increase fatigue strength.

It is necessary to develop a new titanium alloys
specifically for dental implants that provide improve-
ment in the mechanical properties and biocompatibil-
ity, such as alloys of Ti-Ta, Ti-Pt, Ti-Ag and others.
Also, it is advisable to use a special organic coating to

VIIK 611.8

increase the rate of implantation implatnov the con-
necting bone tissue.

To ensure the quality of implants required to carry
out 100 % inspection at all stages of production — from
checking the raw materials to control after finishing.
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HOIIYK ONTUMAJBHOI'O AJITOPUTMY HEMPOCTUMYJIALI

Boraiiuyk 1.B., 3yoxos C.B.
HanionaneHuii TexHiuHMH yHiBepcuTeT YKpainu «KuiBcbkuil noniTexHiyHuid iHCTUTYT iMeHi Iropst Cikopch-
KOT'O»

Pe3tome. Y crarTi nmpoaHaii3oBaHa HEHPOCTUMYJISILIS MOCTIHHMM CTPYMOM, OOTPYHTOBAaHO aKTYaJIbHICTh JOCHTIIKEHHS CHTHAIIB
CTUMYJISIII] 3MiHHUM, IMITyJTbCHUM Ta BHITQAKOBHUM CTPYMOM pPi3HOI popmu. Po3pobiieHa Moaens 3BOPOTHOTO 3B 3Ky B KOMITIEKCI 3 elte-

KTpoeHedanorpapiaHuM JOCITiKSHHIM.

Kiro4oBi cioBa: Mikpomonspu3anis, HeHpoCTUMYIIATODP, CUTHAJ, CIIEKTPaIbHUI aHalli3, eleKTpoeHnedanorpadis.

Abstract. The article analyzes the

neurostimulation

DC, actuality research of the stimulate signals of

variable, pulse and random shocks of different shapes. The feedback model combined with electroencephalographic research.
Keywords: micropolarization, neurostimulator, signal, spectral analysis, electroencephalography.

Beryn. Posrmsmaetscsi mpobiieMa BiTHOBJICHHS
HEHTPAIBHOT perylsii QyHKIiH opraHi3My JHOJWHH
(Hagani manieHTa) Mpy MIXPOKOMY CIIEKTPi HEBPOJIOTi-
YHHX 3aXBOPIOBAaHb 3 BUKOPUCTAHHAM TPaHCKpaHiallb-
Hoi (dani — TKMII) i TpaHcBepTeOpanbHOU (dari —
TBMII) mikpononsipizanii (0azi — MIT). MexaHnizmiB
BIUIMBY Ha HEPBOBY TKaHMHY MaJIUX IMOCTIHHUX CTPY-
MiB MOXYTh OyTH CHIBCTaBJICHHI (200 TOTOXXHUMH) 3

(i310JIOTTYHUMY TTPOIIECaMH, SIKi 320e3MedyrOTh MisiTb-
HICTh HEPBOBOT TKaHWHU. [1iATBEP/DKEHHSIM € pe3yiib-
tatu poOit J[.C. Boponmosa, H.I1. bexrepepoi, B.A.
Imroxina Ta inmmwx [ 1, 2, 3]. V po6omax B.C. PycunoBa
OyJ10 MOKa3aHo, 110 HaHOUIbIN ajgeKBaTHUM 1 (i3ioso-
FYHUM CHOCOOOM BIUIMBY Ha HEPBOBY CHCTEMY JUIA
MOCTYIIOBOTO BUMIPIOBaHHSI CTaHY HEPBOBOI TKaHWHH
€ cnabkuil mocTiiiHuil enektpuunuit ctpym [1, 2].
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