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Abstract

Currently, implant-supported prosthetics are widespread
in dental practice. However, this type of treatment has a
number of features, namely the attachment of the crown of
the tooth to the implant. The aim of this work is to study the
degree of axial displacement of abutments made by different
methods in comparison with implants and their analogues.

The study was carried out on implants and analogues of
MIS C1 (conical connection), standard platform. The follow-
ing types of abutments are chosen: standard transgingival
abutments, milled, cast, SLA - abutments (selective laser
sintering). The task was to study the change in the height of
the abutment on the analogues depending on the tightening
torque of the fixing screw, as well as to study the change in
the height of the abutment on the implant under chewing load.

The results on analogues revealed axial displacement on
original abutments 92-109 zm, on milled abutments 104-129 zm,
casting abutments 66-93 xm, in SLA abutments 55-78 um.

Results on implants showed axial displacement on origi-
nal and milled abutments 1-2 zm, weak abutment 2-7 um,
and cast abutment 2-12 um.

The design of the implant-supported prostheses requires
attention to the height of the structure. When modelling on
analogues, the peculiarities of axial displacement of each
type of abutment should be taken into account. Axial misalign-
ment of the implants indicates that SLA and cast abutments
are unreliable. Priority should be given to original products
and milled abutments.

INTRODUCTION

Lack of teeth as a result of various diseases is a common
pathology encountered in dentistry /1-4/. The proliferation
of dental implantation in the delivery of dental care to
patients has made incredible strides in recent years. A sig-
nificant amount of basic and applied research on the surgical
phases of dental implantation has contributed to this, /2-5/.
However, do not forget that the final stage of implant treat-
ment is the placement of an orthopaedic structure, /6/.

Often, annual improvements in implant systems that
change both the external structure of the implant and the
types of connection between the implant and the prosthetic
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lzvod

Trenutno je u stomatoloskoj praksi Siroko rasprostranje-
na protetika sa implantima. Medutim, ova vrsta lecenja ima
niz prednosti, a to je vezivanje krunice zuba na implant. Cilj
rada je u ispitivanju stepena aksijalnog pomeranja abat-
menta izradenih razlic¢itim metodama u poredenju sa implan-
tima i njihovim replikama.

Istrazivanje je izvedeno na implantima i replikama MIS
C1 (konusna veza), standardne platforme. Izabrani su sledeci
tipovi abatmenta: standardni transgingivalni abatmenti, obra-
deni rezanjem, liveni, SLA - abatmenti (selektivnim laserskim
sinterovanjem). Zadatak je u proucavanju promene visine
abatmenta na replikama u zavisnosti od momenta zatezanja
vijka za vezu, kao i u proucavanju promene visine abatmen-
ta na implantu pod opterecenjem Zvakanja.

Rezultati sa replikama otkrivaju aksijalno pomeranje na
originalnim abatmentima od 92-109 um, na brusenim 104-
129 um, na livenim 66-93 xm, i kod SLA abatmenta 55-78 pm.

Rezultati na implantima su pokazali aksijalno pomeranje
na originalnim abatmentima i obradenim rezanjem 1-2 ym,
slabi abatmenti 2-7 gm, i na livenim 2-12 pm.

U dizajnu proteza s implantom, posebnu paznju zahteva
visina konstrukcije. Pri modeliranju sa replikama treba uzeti
u obzir karakteristike aksijalnog pomeranja svakog tipa abat-
menta. Aksijalna neuskladenost na implantima ukazuje na
nepouzdanost SLA i livenih abatmenta. Prioritet treba dati
originalnim proizvodima i abatmentima proizvedenim reza-
njem.

structure cause orthopaedic treatment errors, /7-10/. The most
common connection at the moment is the tapered connection,
in which the outer cone is represented by the abutment and
the inner cone by the implant socket. The inside of such an
implant is made in the form of a Morse taper with a specific
angle that the manufacturer chooses. The success of this type
of connection is due to the combination of fixation with a
clinical screw and taper embedding, /11-13/.

Different types of abutments are used in dental practice:
both original and non-original (individual), /14/. Standard
kit parts must have high accuracy. Their use implies the
achievement of the best clinical result. In addition to the
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original suprastructures, customized abutments can be used
in orthopaedic treatment with dental implants. The casting
method makes it possible to obtain abutments using previ-
ously fabricated wax models. Thanks to the use and adapta-
tion of numerically controlled machines in dentistry, it is
now possible to obtain dental products by milling from pre-
fabricated blanks. The selective laser sintering method, used
in dentistry, is also widespread. All of the above methods
are used for the fabrication of custom abutments, /15/.

When using a custom-made abutment, there is an increased
likelihood of misalignment of the outer cone relative to the
inner cone as a result of manufacturing irregularities, /16-
18/. There is also the possibility of axial displacement of
the mating tapered parts during connection, /19-20/. This
can lead to a change in the height of the abutment rising
above the implant. It has been practically proven that the
proprioceptive sensitivity of the muscular organ of the
maxillofacial system is capable of sensing changes within
8 um. This necessitates the precise creation of prosthetic
constructions in order to reproduce the occlusal contacts of
the antagonist teeth without premature contacts.

The cause of such irregularities as communication of the
implant socket with the oral cavity, breakage of the implant
or prosthetic structure, fixation screws, mismatch of the
occlusal relationship due to axial displacement, is often a
mismatch in the congruence of the implant-abutment inter-
face surface.

Purpose: to investigate the degree of axial displacement
of abutments fabricated in different ways relative to implants
and their counterparts.

Tasks: to study the magnitude of axial displacement of
abutments of each type relative to the implant analogue from
the force of screw tightening; to study the magnitude of axial
displacement of abutments of each type relative to the
implant when simulating masticatory loading.

MATERIALS AND METHODS

Abutment axial displacement studies were performed on
a standard orthopaedic implant platform with a tapered MIS
C1 system connection. C1 implant analogues were also used
to compare the laboratory and clinical stages of orthopaedic
constructs supported by dental implants.

To study the axial displacement of the original abutment
relative to the implant, titanium transgingival standard abut-
ments (Fig. 1), as well as individually fabricated non-original
abutments by milling (Fig. 2), selective laser melting (Fig.
3), and casting (Fig. 4), were used as restorations.

Figure 1. Titanium transgingival standard abutments.
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Figure 2. Milled abutments with conical interface for MISC1 implant.

Figure 3. Selective laser sintering abutments with a conical inter-
face for the MISC1 implant.

Figure 4. Abutments cast using wax models with a conical inter-
face for the MISC1 implant.
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Figure 5. Class 4 plaster block (photo of two surfaces) with implants

(locations marked ‘1’) and counterparts (marked ‘A’). The tops of

the implants and analogues are exposed to gain access to the micro-
metre screw.
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Methodology

The implants and analogues were plastered into a class 4
plaster block to further simulate loading (since the implants
and analogues will be stressed in the future and need to be
rigidly fixed). The peculiarity of the location of the implant
and analogue in the plaster block is the open apex.

This is created so that the micrometre screw 2 (Fig. 6)
has access to the apex of the implant and analogue for
measurement (Fig. 5). Measurements were taken using an
Inforce 06-11-44 digital micrometre with an error of
0.002 um (Fig. 6).

inforce
0-25mm 0001mm

Figure 6. Inforce 06-11-44 digital micrometre: 1-heel of the micro-
metre; 2-micrometre screw; 3-liquid-crystal display; 4-control buttons;
5-micrometre screw stroke knob.

Figure 7. Torque wrench (a), and standard hex screwdriver (b),
from the implantation system MIS prosthetic kit.

The study was conducted in two stages.

In the first phase of the study, the axial displacement of
abutments on implant counterparts was studied as a function
of screw torque. The force with which the screw was tight-
ened was 7, 30 Ncm. These values were chosen because
within 7 Ncm it is possible to tighten with a screwdriver by
finger forces without a torque wrench, the force of 30 Ncm
is the value of the screw tightening force on implants with a
torque wrench (Fig. 7). After positioning the abutment in
the analogue (Fig. 8), the screw was tightened with a force
of 7 Ncm, the resulting length was measured with a micro-
metre and the length Lal (length at abutment) is obtained.
Then the screw was tightened to a force of 30 Ncm, and the
La2 value was measured. Since the height implant analogue
Hia is known in advance, by obtaining values Lal and La2
it is possible to calculate the height abutments Habl and
Hab2 that are elevated over the analogue at each screw
tightening:

Hab1 (on analogues) = Lal — Hia,

Hab2 (on analogues) = La2 — Hia.

The calculation of axial displacement AD of abutment
cone to the analogue cone can be calculated using the
formula: AD (on analogues) = Hab1 (on analogues) — Hab2
(on analogues), Fig. 9.
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Figure 8. Abutments obtained by milling, laser sintering (a); original
and cast abutments (b) were placed in the plaster block on analogues.

AD e

Figure 9. Scheme of stage 1, where analogue and abutment on the
right are in weak screw tightening; on the left in strong tightening.

Figure 10. Simulation complex: 1-hull; 2-motor; 3-reducer; 4-power
unit; 5-microcontroller; 6-secondary shaft; 7-crank; 8-rod; 9-vessel
with solution; 10-thermo-regulating unit; 11-occlusion unit (replaced
by plaster blocks and response part); 12-tensometric sensors.
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In the second step, axial displacement of abutments on
implants with loading is studied. The abutment screw is
tightened with a torque of 30 Ncm following the orthopaedic
abutment placement protocol prescribed in the guidelines
for the use of tapered orthopaedic elements. Implants with
Lil abutments fixed on them (length on implant) are meas-
ured. The plaster block is placed in the original simulation
complex, /21/ (Fig. 10). The response piece (Fig. 11), made
of plaster and having abutment impressions, is attached to
the connecting rod of the device so that when it is lowered
onto the abutments, they would make contact with the
surface of the block. In this way, uniform pressure is
achieved on all abutments at the same time. The exercise is
performed three times a day, simulating morning, lunch,
and evening meals for 10 minutes each for two weeks, /31/.
After the end of the load, Li2 measurements are taken. To
detect AD axial displacement at the implants, the height of
the suprastructure, Hab, is calculated by the difference of Li
and the height of the implant Hi, before and after loading
(Habl and Hab 2). Then we found the difference in abut-
ment height:

Hab1(on implants) = Lil — Hi,

Hab2 (on implants) = Li2 — Hi,

AD (on implants) = Habl (on implants) — Hab2 (on
implants) (Fig. 12).
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Fig. 11. Plaster blocks with implants and abutments (a) and
counterparts (b) necessary to create the load on the abutments.

RESULTS

The axial displacement of abutments relative to implant
counterparts with a difference in fixation screw tightening
force (7-30 Ncm) show the following values:

1. Original abutments show maximal axial displacement in
the range of 92-109 um.

2. Milled abutments show axial displacement in the range
of 104-129 um.

3. Casting abutments show axial displacement ranging from

66-93 pum.

4. Minimal axial displacement is detected in laser sintered

abutments, ranging from 55-78 um, Table 1.
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Figure 12. Scheme of 2-stage study: implant and abutment on the
right - before loading; on the left - after loading.

Table 1. Measurement of axial displacement of abutments relative
to counterparts as a function of screw torque.

Standard abutments (um) | Milled abutments (um)
7Ncm | 20.134 | 20.177 | 20.135 | 23.517 | 22.963 | 22.973
30 Ncm | 20.025 | 20.077 | 20.043 | 23.413 | 22.839 | 22.844
7-30 Ncm | 0.109 0.1 0.092 | 0.104 | 0.124 | 0.129

Table 1 (continued). Measurement of axial displacement of
abutments relative to counterparts as a function of screw torque.

Abutments cast using SLS abutments (um)
wax models (um)

7Nem [19.915| 17.8 |19.773 | 23.202 | 23.221 | 23.186
30 Nem | 19.822 | 17.722 | 19.707 | 23.147 | 23.164 | 23.108
7-30 Ncm | 0.093 | 0.078 | 0.066 | 0.055 | 0.058 | 0.078

Indentation size of the abutment and implant cone from
the simulated masticatory load with the same screw tighten-
ing force (30 Ncm) shows the following values:

1. minimal axial displacement relative to the implants is
detected in the original and milled abutment (1-2 um);

2. larger values of height deviation of the prototype restora-
tion elevated above the implant are detected in abutments
obtained by moulding (2-12 um) and laser sintering (2-
7 um), Table 2.

Table 2. Measurement of axial displacement of abutments relative
to implants before and after loading.

Standard abutments (um) | Milled abutments (um)

before loading| 16.009 | 18.029 | 18.077 | 18.280(19.977(22.198

after loading | 16.008 | 18.027 | 18.076 |18.279|19.975|22.196

A 0.001 | 0.002 | 0.002 | 0.001 | 0.002 | 0.002

Table 2 (continued). Measurement of axial displacement of
abutments relative to implants before and after loading.
Abutments cast using | SLS abutments (um)
wax models (um)
before loading | 17.110|19.140| 15.731 | 22.584 | 22.599 | 19.086
after loading |17.098|19.138|15.728|22.582|22.597|19.079
A 0.012 | 0.002 | 0.003 | 0.002 | 0.002 | 0.007

DISCUSSION AND CONCLUSIONS

A study of axial displacement of abutments relative to
their counterparts reveals that the height of the suprastructure
changes as a function of screw tightening strength.
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Large axial displacement is detected in the original and
milled abutments when the screw is tightened with 7 and
30 Ncm. Casting and laser-fused abutments show less axial
displacement.

The study of axial displacement of abutments relative to
the implant under load shows that the original and milled
abutments show the smallest axial displacement. The study
of cast and laser-fused abutments reveals significant axial
displacement.

We found a pattern: the flatter the surface of the tapered
parts, the greater the axial displacement on the analogues,
which directly depends on screw tightening force (in the
range from 7 to 30 Ncm). The uneven surface of the outer
cone gives the smallest axial displacement.

The original and milled abutments, which had a smooth
cone surface, show the smallest axial displacement when
the screw is tightened with 30 Ncm in the load simulation.
At the same time, cast and laser-fused abutments, which did
not have an even surface, show significant displacement.

The positive effect of the tapered connection is the wedg-
ing of the tapered parts, thereby distributing various types
of loads (vertical and horizontal) on the restoration. At the
same time, with implants with a planar connection, most of
the load was on the screw. However, there is a significant
change in the height of the structure elevated above the
implant as a result of clinical and laboratory phases of pros-
thetic fabrication. There is a difference between abutment
fixation on analogues and implants. Effective decisions made
in the clinical setting can have the opposite effect in the
laboratory fabrication steps, which have a major role in the
creation of an accurate design. The existing problem of
obtaining precision structures requires further study and iden-
tification of a solution for successful treatment and rehabil-
itation of patients with adentia (total or partial) through
prosthetics supported by dental implants.
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