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Abstract: prosthetics on dental implants is a complex and responsible stage of treatment of patients
with dental defects. The success of dental implantation depends not only on careful planning and per-
formed surgical intervention in compliance with the requirements of the protocol, but also on the type
of load on the dental implant, the choice of orthopedic design and material. Thorough preparation
for prosthetics, taking into account the initial clinical situation and individual characteristics of the
patient, ensures a full restoration of the dentition defect with reproduction of the chewing function.
The parameters of the stress-strain state in the bone tissue around dental implants are of the greatest
importance for the effectiveness of prosthetics on implants, especially in the long term of their func-
tioning. Significant power loads of variable amplitude in the jaw lead to resorption of bone tissue and
failure of implants as artificial dental prostheses. In this regard, research on modeling the stress-strain
state in bone tissue under different loading conditions of implants is relevant. This research presents
the results of studying the stress-strain state of the bone-implant system under static loading. Numerical
calculations were performed for four installation angles of the implant: 0°, 7°, 15°, and 22°. The solid
model of the mandible and the implant model were made in Spaceclaim software, and the stresses were
determined using ANSYS Workbench. The results obtained show the effect of the implant placement
angle on the distribution of stress fields in the bone tissue and implant. The analysis of the calculation
results will help to ensure optimal functioning and durability of dental implants.

Keywords: Computer Simulation, Dental Implants, Dental Stress Analysis, Finite Element Analysis,
Mandible, stress.

Introduction

The modern development of dentistry
allows dental specialists to prevent the onset
and progression of dental deformities by using
dental implants. The last ones are increasingly
used in everyday practice in comparison with
bridges because they have a number of advantages
(Dmytrenko I. A. & Ozhohan Z. R., 2014).
However, along with the more frequent use of

dental implants, there is a high level of secondary
complications associated with their functioning in
the crown-implant system. Today, special attention
is paid to the biomechanical aspects of treatment in
order to ensure acceptable levels of load on dental
implants (Sahin S & Cehreli MC, 2001).

The rapid development of digital navigation
technologies makes it possible to plan the crown
before placing a dental implant, which is an urgent
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task. The study of the load distribution on the
crown-implant-bone system is intended to use
this knowledge to increase the duration of implant
functioning in the patient’s oral cavity.

Aim

The purpose of this study is to investigate the
stress-strain states in the implant-bone area under
static load at different implant angles.

The object of research

The research was conducted on a segment of
the lower jaw with an implant installed in it (Fig. 1)
(Baggi L. et al, 2008; Demenko et al, 2014). Using
CT scanning, a cloud of points was obtained,
which was used to build a surface body, and a solid
body was obtained from it. The model was created
in the Spaceclaim software package. For ease of
fixation, the jaw section was mounted on a platform
that required high stiffness compared to other
components of the system, so structural steel was
chosen as the platform material for calculations.
The jaw was considered as a two-layer body: the
outer layer is cortical bone tissue with a thickness of
2 mm, and the inner layer is trabecular. To simplify
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the calculations, we assumed linear elastic isotropic
behavior of bone materials (Baggi L. et al, 2008).
A simplified geometric model of the implant was
used in the calculations. The mechanical properties
of the materials are given in Table 1 (Baggi L. et al,
2008; Mohammed Ibrahim et al, 2011), where E —
is the elastic modulus, p — is the Poisson’s ratio,
and o.i— is the critical stress.

According to the purpose of the research,
4 variants of implant placement in the jaw were
considered: axially, at an angle of 7°, at an angle of
15° and at an angle of 22° (Fig. 2).

In this case, experimental studies to determine
the stress-strain state of the system are a difficult
and time-consuming task, so to study the problems
of this research, finite element analysis using the
ANSYS Workbench software package was used
(Pham, D. Q. et al, 2023; Himmlova L. et al, 2004;
Kopchak, A. V. & Kryschuk, M. G., 2014).

To compare the stress-strain states of the bone-
implant system at different angles of implant
placement, we selected the points of registration
(Bida V. et al, 2018) of stress values (Fig. 3). The

b

Fig. 1. (a) The area of the jaw under study; (b) Surface body; (c) Solid body;
(d) Geometric model of the object of the research
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Table 1. Mechanical properties of materials of the design model

Object Material E, GPa n Gurity MPa
The outer layer of bone tissue Cortical bone 11 0,3 170-190
The inner layer of bone tissue Trabecular bone 0,78 0,3 5
The implant Titan alloy Ti-6Al-4V 111,2 0,3387 918
The platform Construction steel 200 0,3 215
a b c d

Fig. 2. (a) Implant positioned axially; (b) Implant positioned at an angle of 7°;
Implant positioned at an angle of 15° Implant positioned at an angle of 22°

Fig. 3. Points of registration of stress values

in the model

index “A” means that the point is in the implant,
the index “B” means that the point is in the bone
tissue, and the index “ © “ means that the point is at
the border of the cortical and cancellous bone.

Boundary conditions

To prevent the displacement of the bone-
implant system, the lower face of the platform
was fixed and a vertical force of 200 N was
applied to the upper face of the implant. Taking
into consideration the specifics of the interaction
between the model parts, the contacts were set to
be bonded.

Analysis of the results

After calculation, the stress distribution in the
bone-implant system was determined (Fig. 4).

The stress values for the four variants of
implant placement at the considered points (Fig.3)
are presented in Table 2.

The analysis of the calculation results indicates
anuneven distribution of stresses in the system. The
highest stress values are observed in the implant,
while the lowest are in the trabecular bone tissue.
It was determined that the maximum stresses in
the system increase with an increasing angle of
inclination of the implant, and these values remain
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Fig. 4. Stress-strain state of the model with the implant placed: (a) axially; (b) at an angle of 7°;
(c) at an angle of 15% (d) at an angle of 22°

less than the fracture strength of the materials (for
titanium omax=254.36 MPa, for cortical bone
tissue omax =30.37 MPa and for cancellous bone
tissue omax =3.5 MPa).

In the course of the study, equations were
obtained that reflect the dependence of the equiva-
lent stress on the angle of inclination of the implant

atthe characteristic points of cortical and trabecular
bone tissue (Fig. 5). Each of the equations has a
high level of approximation reliability (R?> 0.88).
The specific equations are as follows:

For point 2B: y=0.019x"2 + 0.5331x + 9.1156,
where x — is the implant angle and y — is the
equivalent stress, with R? = 0.998.
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Table 2. Stresses at the considered points
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. Implant placement
Fomt Axially 7 15" w
" | AAMPa | B,MPa | A,MPa | B,MPa | A,MPa | B,MPa | A,MPa | B,MPa
1 9,6156 6,0549 18,425 8,0188 19,721 13,996 23,732 20,589
2 14,807 8,9418 23,138 14,257 30,442 20,912 54,361 30,22
3 20,274 17,117 21,713 18,584 24,272 21,466 40,5 30,37
4 6,5947 2,9321 8,641 2,8039 7,6119 3,2553 7,9962 3,4456
5 3,5213 0,9 3,3459 0,875 3,2371 0,8346 3,045 0,811
6 10,222 3,5012 7,4617 3,3478 7,9868 3,0143 6,5372 2,7986
7 21,628 14,15 14,442 11,164 7,9419 7,0324 5,2006 5,6775
8 21,628 14,177 25,58 12,647 11,475 8,7521 11,179 5,0351
13,716 9,1337 18,142 5,9598 11,36 4,3272 13,102 1,973

10 5,4177 - 7,7565 - 11,742 - 15,278 -

11 12,622 - 12,501 - 12,879 - 13,601 -

12 8,3326 - 8,7063 - 8,516 - 8,2932 -
For point 8B: y=-0.0104x"2-0.1948x+ An important result is that the maximum

14.269, with R?=0.9972.

For point 4B: y=0.0015x"2-0.0062x +
2.8896, with R = 0.8806.

For point 6B: y=-0.0003x"2-0.0265x +
3.5137, with R*=0.9911.

Conclusion

As aresult of the research, the stress distribution
fields in the bone-implant system were determined
and the maximum stress values at different angles
of implant placement were determined. The
dependence of the stresses on the angle of the
implant was established.
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stresses that occurred in the system under a single
static load do not exceed the limits, however, under
cyclic loads they can be critical, which makes it
important to conduct further research on this topic.

Thus, the obtained research results are
important in planning an implant-supported
orthopedic structure, namely in choosing the
optimal installation angle, which in turn will ensure
maximum duration and stability of dental implants
in the oral cavity of patients. This is of great practical
importance for dental practice and contributes to the
improvement of orthopedic treatment of dentition
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Fig. 5. Dependence of the equivalent stress at the considered points on the angle of inclination of the implant
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defects replaced by fixed dentures supported by
implants. The use of this data in implant planning
will help optimize the prosthetic process and ensure
the proper functioning of dental implants, providing
patients with a healthy and comfortable bite and
aesthetic appearance.
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Anomauisa: npome3ye8annsa Ha OEHMANbHUX IMIIAHMAMAX € CKIAOHUM Ma 8I0N08I0ANbHUM emanom
JIKYy8anHs nayieumie 3 Oegpexmamu 3yOHUX psois. Ycnix OeHmanvHoi iMniaumayii 3anexcums He
Jue 8i0 pemenbHO20 NIAHYBAHHSA MA NPOBEOEHO20 XIPYPIUHO20 8MPYUAHHS I3 OOMPUMAHHAM 8UMO2
npomoKony, aie U 6i0 uUdy HABAHMAINCEHHS HA OEHMANbHUU IMIIAHMAm, 6ubOOpy OpmoneouyHoi
Koncmpykyii ma mamepiany. Ipynmosna nio2omoeéka 00 npoeedens npome3yeanHs i3 6Paxy6anHIM
BUXIOHOI KNIHIYHOI cumyayii ma iHOUGi0yanrbHux ocodoausocmeri nayicHma 3abe3nedye no8HOYIHHE
BIOHOGIEHHS Oehekmy 3YOH020 psady i3 8i0meopeHHsAM QyHKYIl Jcyeanns. [lapamempu HanpysceHo-
0ehopmosaro2o cmawmy @ KiCMKOGIll MKAHUHI HABKOLO OeHMANbHUX IMINJIAHMIE MAOMb HAUBANCIUGIULE
3HAYeHHsT Ol eheKMUBHOCMI NPOMEe3Y8AHHs HA IMUIAHMAX, 0COOMUBO Y 8i00ANeHi mepMiHu ix
(PYHKYIOHYBAHHA. 3HAYHI CUI08T HABAHMANCEHHS 3MIHHOT AMNIIMYOU 8 Welleni npu3eo0sms 00 pe3opoyii
KICMKOBOI MKAHUHU | HECHPOMOJICHOCMI IMIIaHmMamie 6ymu onoporo 05 3y0HuUxX npomesis. Y 38 3Ky
3 YUM AKMYanbHi OOCTIONCEHHSI NO MOOENOBAHHIO HANPYHCEHO-0ehOPMOBAHO20 CMAHY 8 KICMKOBIl
MKAHUHI NPU PI3HUX YMOBAX HABAHMANCEHHA iMnaaHmamis. B oauiti pobomi ompumani pe3ynomamu
O0CTIONCEHHSA HANPYIHCEHO-0ehOPMOBAHO20 CIMAHY CUCMEMU KIiCMKA-IMNIAHMAM Npu CIMAmudHOMY
HaganmasicenHi. IIlposedeno uucenvHi po3apaxyHku 0 HOmupbox Kymie 6Cmanognenus imnianmamy: 0°,
7°, 15° ma 22°. 06’ emny mooenv yacmunu HUNCHbOI ujenenu ma mMooens imnianmamy 6yno 3pooneHo 6
npozpamuomy 3abesneventi Spaceclaim, a suznavenns nanpysxcers 3pobneno 3 guxopucmanuam ANSYS
Workbench. Odeparcani pesynomamu nokazyioms 6NaAUE Kyma 6CMAHOBLEHHS IMIAAHMANMY HA PO3N00iT
NONi8 HANPY*CeHb 8 KICMKOBIU MKAHUHI ma iMnianmami. AHaniz pesyibmamis oouUcIeHb 003601UMb
3abe3neyumu onmumanvHe @OYHKYIOHY8AHHA mMa 00820MPUBANICMb  eKCnayamayii  0eHmanbHux
IMNAGHMAmis.

KrouoBi ciioBa: koM 10TepHa CUMYIIALIS; ACHTANbHI IMIUIAHTH; JEHTAJIbHUI aHajl3 Halpy>KeHb;
METOJl CKIHUCHHHX €JIEMEHTIB, IleJIeNa, HAIPYKeHHS.

Copyright: © 2024 by the authors;
licensee USMYJ, Kyiv, Ukraine.
This article is an open access
article distributed under the terms
and conditions of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/).

Ukrainian scientific medical youth journal, 2024, Issue 1 (144)

http://mmj.nmuofficial.com

104


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
http://creativecommons.org/licenses/by/4.0/

