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Abstract

Dental implant-based structures actively interact with the
oral cavity and are subject to various factors. Local changes
in the microflora near the implant can cause inflammation
and affect its viability, as well as in the tooth. Improperly
manufactured construction can also serve as a factor in the
development of dysbiosis. The purpose of our study is to
explore the permeability of the conical joint of the implant
with an abutment of various types of manufacture under the
influence of masticatory load.

The tightness of the conical joint is studied on MIS C1
implants, a standard platform. The control group of the study
consists of standard transgingival abutments. As an experi-
mental group were used: milled, cast, and obtained by laser
sintering. Modelling of oral cavity conditions was studied
in a simulation complex.

After 3000 masticating cycles the implant shafts were ex-
plored. When examining the inner surface of implants on
which standard and milled abutments are fixed, the presence
of methylene blue was not detected. A study of the implants
shafts on which abutments were fixed, obtained by casting
and laser sintering, showed the permeability of these com-
pounds through the implant-abutment interface.

Use of original elements in the system ensures a hermetic
implant-abutment connection. In complex clinical cases for
treatment and rehabilitation of patients, the manufacture of
structures with individual abutments is required. The best
result is achieved using abutments made by milling.

INTRODUCTION

The use of dental implants is an option of choice as a
replacement for various defects of the dentition, /1/. Dental
implant-based structures actively interact with the oral cavity
and are subject to various factors, /2/. The oral cavity is not
sterile, it contains more than 700 microorganisms, /3/. They
form the microflora of the mouth, /4/. The creation of high-
quality structures and adequate oral hygiene do not critically
change the composition of the microflora, /5, 17, 18/. Under
certain conditions (human diseases, taking antibiotics, etc.),
one type of microorganisms may prevail over another /6-
12/. Local changes in the microflora near the implant can
cause inflammation and affect its viability, as well as in the
tooth, /13, 14/. An improperly manufactured construction
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Kljuéne reci

+ zubni implant

* nepropusnost

« konusni spoj

« suprastruktura (abutment)
« sloZena simulacija

lzvod

Konstrukcije tipa zubni implanti aktivno deluju na usnu
Supljinu i podlozne su raznim uticajima. Lokalne promene u
mikroflori u okolini implantata mogu izazvati upalu i uticati
na njegov integritet, kao i na zub. Nepropisno proizvedena
konstrukcija takode moZze uticati na razvoj disbioze. Svrha
naSeg rada je istrazivanje propusnosti konusnog spoja
implanta sa abutmentima razlicitih tipova izrade pod utica-
jem optereéenja masetericnog sistema.

Nepropusnost konusnog spoja proucava se na MIS C1
implantima, kao standardnoj platformi. Kontrolnu grupu
istraZivanja ¢ine standardni transgingivalni abutmenti. Kao
eksperimentalna grupa upotrebljeni su: bruseni, liveni, i
abutmenti dobijeni laserskim sinterovanjem. Modeliranje
stanja usne Supljine proucava se U sloZenim simulacijama.

Nakon isteka 3000 ciklusa zZvakanja istrazena je osovina
implantata. Pregledom unutrasnje povrsine implantata, gde
su fiksirani standardni i bruseni abutmenti, nije otkriveno
prisustvo jedinjenja metilensko plavo. Istrazivanje osovina
implantata sa fiksiranim abutmentima, dobijenih livenjem i
laserskim sinterovanjem, pokazalo je propusnost ovih spoje-
va kroz interfejs implant-abutment.

Koriséenje originalnih elemenata sistema obezbeduje
hermeti¢nost spoja implant-abutment. U slozenim klinickim
slucajevima za lecenje i rehabilitaciju pacijenata, neop-
hodna je proizvodnja pojedinacnih konstrukcija abutmenta.
Najbolji rezultati se postizu sa abutmentima izradenim
brusenjem.

can also serve as a factor in the development of dysbiosis,
/15, 16/.

The design of dental implants consists of several parts:
crown, abutment, implant and fixing screw (Fig. 1), /19/.
Each element must be hermetically connected, preventing
the penetration of mouth contents (saliva, food particles,
microorganisms), /20/. The use of standard prosthetics allows
you to achieve this result. But not in all clinical cases is it
possible to use factory suprastructures, /21/. Abutments can
be made in various ways. However, the clinical efficacy has
been poorly studied. The purpose of our study is to explore
the permeability of the conical joint of the implant with abut-
ments of various types of manufacture under the influence
of masticatory load.
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Figure. 4. A standard transgingival abutment has a conical inter-
face with an antirotational part (highlighted in purple).

Figure. 1. Crown on the abutment is fixed to the implant by a screw.

MATERIALS AND METHODS

The tightness of the conical joint is studied on MIS C1
implants, a standard platform. This system has a conical
connection. Inside the implant there is a hexagonal posi-
tioner that prevents scrolling along the axis of the structure

(Fig. 2).

Figure. 2. MIS C1 implantation system components.

The control group of the study consists of standard trans-
gingival abutments in the amount of 3 units, (Figs. 3 and 4).
As an experimental group, 9 individual abutments with an
antirotational element are used, manufactured in various
ways: milled, cast, obtained by laser sintering (Figs. 5-10).

i o

Figure. 3. A group of standard transgingival abutments for cement
fixation, which was used in the study.

Figure. 7. A group of abutments obtained by selective laser
sintering (SLS).
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Figure. 8. Surface of the conical interface of the SLS abutment.

Figure. 9. A group of abutments obtained by casting.

F

Figure. 11. A plaster block made of class 4 gypsum with implants (a),

and a mate (b).
A block of class 4 gypsum with fixed implants at right
angles to the surface was previously made. The implant shaft
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and the surface of abutments were degreased with Anhydrin
VladMiVa solution and dried with an air jet. The screws of
the abutments were tightened with a torque of 30 Ncm,
according to the manufacturer's recommendation. In order
to investigate the penetration only through the joint and
exclude liquid penetration through the screw hole, the shaft
was closed with a Teflon™ tape (insulated the screw and
served as a marker for liquid penetration) and liquid-flowing
composite DentLight VIadMiVa with subsequent polymeri-
zation. An additional block of gypsum of the 1% class was
made (Fig. 11) based on the prints of the fixed abutments. It
is necessary that the applied pressure is distributed to all
abutments simultaneously and evenly. The modelling of
oral cavity conditions was studied in a simulation complex
(Fig. 12), /22/. An essential feature of this utility model is
that the design of this device allows the lower jaw frame to
move using an electric motor, which reproduces the closing
and opening of the jaw models. The device is capable of
reproducing lateral occlusion, both left and right, due to the
shift in the corresponding direction of the unequal angles on
which the lower jaw frame is fixed. The upper jaw model has
the ability to change its position in space in the sagittal and
frontal planes. The pressure exerted on the jaw models can
change due to an increase or decrease in the length of the
connecting rod which is recorded by strain gauges. The appa-
ratus in this study performed the following functions: create
a masticatory load (within 20 kg) and a temperature change
within 20-60 °C. To determine the permeability of the com-
pound, a saline solution tinted with methylene blue is used.
The tightness of the joint is determined by its presence in
the implant shaft. The presence of the dye is determined
using absorbent paper pins of the 35 taper (Fig. 13)

Figure. 12 Simulation complex.
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Figure. 13. Paper adsorbing pins of the 35 taper.
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RESULTS

After the expiration of 3000 masticating cycles, the plaster
block was washed under running water and dried to avoid
the dye getting inside the implant after the experiment. The
abutment shaft was freed from the liquid-flowing composite.
In all abutments, the Teflon™ tape turned out to be unpainted
with methylene blue. This indicates the reliability of the
study, in which case the presence of dye in the implant shaft
will indicate possible permeability through the implant-abut-
ment interface.

When examining the inner surface of implants, where
standard (Fig. 14) and milled abutments were fixed, the
presence of methylene blue was not detected (paper pins
remained dry and unpainted after touching the implant shaft).

Figure. 14. Paper pins after examining the implant shafts with fixed
standard (left) and milled (right) abutments - the ends were not
stained with dye.

A study of the shafts of implants on which abutments
obtained by casting and laser sintering were fixed showed
the permeability of these compounds through the implant -
abutment interface (Fig. 15). Moreover, there was more
liquid with dye on adsorbing paper pins after the implant
with a sintered abutment than with the cast one.

I g @
Figure. 15. The ends of paper pins were painted methylene blue

after examining the implant shaft with fixed SLS (left) and cast
(right) abutments.

The surfaces of standard and milled abutments remained
without visible changes. With an increase in the outer cone
of the milled abutments, there is a slightly noticeable groove
remaining after milling (Fig. 6). However, the presence of
such a defect did not affect the precision of the abutment
cone and the inner cone of the implant.
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The cone of the abutment after casting was manually
refined by grinding and polishing. In this regard, the preci-
sion of the outer cone of the abutment and the inner cone of
the implant was violated. When studying the cone surface
under magnification, the presence of shells was revealed
(Fig. 10). The abutments themselves were made in a manu-
facturing line with a manufacturing technique used for all
products.

When considering the outer cone of the SLS abutment,
the dye is determined. With an increase of the surface under
consideration, a rough surface with the presence of bumps
and depressions is determined, which are formed by the SLS
method (Fig. 8). Under cyclic loading, the solution with the
dye through the channels entered the implant shaft. Also,
the rough surface on the neck of the abutment (the distance
between the edge of the implant and the orthopaedic struc-
ture) also has a rough surface, which can serve as an addi-
tional retention point for microbial contamination.

CONCLUSION

The use of original elements of the system ensures a her-
metic connection of the implant-abutment, which eliminates
microbial penetration into the internal space of the implant.
However, in complex clinical cases, it is impossible to apply
original structures. Then, for the treatment and rehabilita-
tion of patients, the manufacture of structures with individual
abutments is required. The best result in tightness is achieved
using abutments made by milling. The use of methods such
as casting and laser sintering leads to contamination of the
inner surface of the implant. At the same time, it is impossi-
ble to guarantee the success of orthopaedic treatment by
installing such structures based on dental implants without
the use of additional methods. Improving the quality of SLS
abutments can be achieved through post-processing on a
milling machine. It is also possible to create tightness due
to sealants for implants (e.g., GapSeal®, Hager & Werken,
Germany).
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