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ABSTRACT

Orthodontic implants are currently widely used in dental practice. They are actively used because they provide a fixed support
function, which allows using implants to move teeth and their groups. Using the finite element method, this article presents
a mathematical analysis of stress distribution in the bone tissue and orthodontic implants providing both temporary support for
provisional crowns and temporary support for tooth movement. This study aimed to examine the effect of horizontal load on
orthodontic implants by applying mathematical modeling using the finite element method. The use of the finite element method
for modeling stress—strain states in the “microimplant—surrounding bone tissue” system was performed with the reproduc-
tion of the material properties and parameters of the microimplant and surrounding bone tissue. 3D models of microimplants
were created in the Kompas-3D program (Russia), and the stress distribution analysis was performed in the Autodesk Inventor
program (USA). In this study, the peak stress values on the microimplants did not exceed 0.218 MPa with the maximum values
of 880 MPa. The maximum stress values in the bone tissue were not higher than 0.024 MPa. Thus, the level of the obtained
stress—strain states in both the bone tissue and microimplants is safe for horizontal loads.
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AHHOTALNA

B HacTosiLee BpeMs B CTOMaTONOMMYECKON MPaKTUKe LUMPOKO WUCMONB3YKTCS OPTOAOHTUYECKWE MMMNaHTaThl. VX aKTuB-
HOe npuMeHeHne obycnoBneHo obecrneyeHneM (YHKLMW HEMOABUMKHOW ONOPbI, YTO MO3BOJSISET MUCMO/L30BaTh UMMJIAHTATHI
ANs nepeMeLLeHus 3y6oB v ux rpynn. B cTatbe npefcTaBneH MaTeMaTUUeCKUiA aHaU3 pacnpefeneHns HanpsiKeHuid B KOCT-
HOM TKaHW U OPTOAOHTMYECKUX WUMIMIAHTaTaX, CNOCOBHbIX HECTU (YHKUMIO KaK BPEMEHHOW OMopbl MPOBU3OPHbIX KOPOHOK,
TaK U YHKUMIO BPEMEHHOW OMopbl AN1A NepeMeLLeHns 3yboB, ¢ MOMOLLb0 MeToAa KOHEUHbIX 3neMeHToB. Lienb pabotel —
U3yyeHWe BMSHUS TOPU3OHTAIBHOW Harpy3KW Ha OPTOAOHTUMYECKWME MMMAHTaThl MyTEM MPUMEHEHWUS] MaTeMaTUYECKOro
MOLENMPOBaHUS METOAOM KOHEYHbIX 3/1eMeHToB. VccnefoBaHue OCyLLECTBAAMOCh C MCMO/b30BaHWEM MaTeMaTUyecKo-
ro cnocoba MoJenMpoBaHNUA HanpsieHHO-AeOPMMPOBAHHBIX COCTOSIHUIA B CUCTEME «MUKPOMMIIAHTAT — OKPYXKatoLLas
KOCTHasi TKaHb» C BOCMPOM3BEAEHNEM CBOWCTB MaTepuana 1 napamMeTpoB MUKPOMMINIAHTaTa U OKPY3KaloLLen KOCTHOM TKaHM
METO[IOM KOHEYHBbIX 3/1eMeHTOB. [1nf BbINOSIHEHWS aHann3a Co3AaHbl TPEXMepHble MoJen MUKPOMMIIAHTaToB B Nporpam-
Me «Komnac-3D» (Poccus), aHanus pacnpefeneHus HanpsieHun npoBogumnca B nporpamme «Autodesk Inventor» (CLUA).
[MKoBbIE 3HA4YEHWA HANPSXKEHWUI Ha MUKpoMMNaHTaTbl He npeBblwanu 0,218 MIla npu npegenbHbix 3HaveHusx 880 Mla.
MaKcuManbHble 3Ha4eHUs HaNpSXKEHW B KOCTHOW TKaHuU OKasanuch He Bobiwe 0,024 MIla. Takum obpa3oM, ypoBeHb nony-
YeHHbIX HaMNpsXKeHHO-LeOPMUPOBaHHbLIX COCTOSHMIA KaK B KOCTHOM TKaHM, TaK U B MUKpOMMMNaHTaTax sBnsetca besonac-
HbIM JJ151 FTOPU30HTAMbHBIX Harpy3oK.

KnioueBble cnoBa: OPTOAOHTUYECKNE UMNJIAHTATbI; METO KOHEYHbIX 3JIEMEHTOB; pacnpenesieHme HaI'IpFIH{EHI/IVI.
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BACKGROUND

Currently, orthodontic implants are a widely used
treatment option in modern dental practice. They are
actively used because they provide fixed support, which
allows for the movement of teeth and their groups
[1-10].

In addition to providing a fixed support for tooth
movement, orthodontic implants can also provide tempo-
rary support for provisional prosthetic crowns in patients
with partial tooth loss. This allows for the restoration of
the integrity of the dentition during orthodontic treatment
before prosthetics and consequently the elimination of
traumatic occlusion and restoration of masticatory func-
tion throughout the orthodontic treatment period [11].

Nevertheless, the use of conventional orthodontic im-
plants as a provisional support for provisional crowns is
associated with certain disadvantages, such as difficul-
ties in the laboratory fabrication of crowns, disruption of
crown fixation, and the need for additional restoration
of the crown base after fabrication. These issues arise
because the supragingival aspect of conventional orth-
odontic implants is not intended for use as a foundation
for a provisional prosthetic crown. In light of these con-
siderations, we proposed a microimplant system, and its
design can be used as a provisional support for a provi-
sional orthopedic structure (Fig. 1) [12].

A previous study investigated the effect of vertical
loading on orthodontic implants using finite-element
mathematical modeling, which demonstrated the safety
of vertical loading.

This study aimed to examine the effect of horizontal
loading on our proposed microimplant system using the
finite-element method.

The finite-element method is a mathematical ap-
proach to calculating the physical capabilities of mate-
rials and systems within a computer environment. This
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is achieved through differential equations. The method
is founded upon the partitioning of the subject matter
into virtual fragments of a specified magnitude, through
which the strength characteristics of the primary object
are calculated [2, 14-16].

When studying the stress distribution in the microim-
plant area, the following tasks were set:

1) Characterizing the stress distribution patterns un-
der horizontal loading of the microimplant.

2) Determining possible differences in stress dis-
tribution in bone tissue in the presence of cancellous
bone only and cancellous bone covered with the compact
lamina.

3) Determining the microimplant zones that experi-
ence maximum stresses.

MATERIALS AND METHODS

Geometric models of orthodontic implants and two
bone tissue models were developed to solve the given
tasks. The first model consisted only of spongy sub-
stance, whereas the second model included spongy
substance and compact lamina. The two experimental
models of bone tissues were created because in the area
of missing teeth in the upper jaw, spongy bone without
a pronounced cortical layer is commonly found, whereas
in the lower jaw, the spongy bone is often surrounded by
a pronounced compact lamina.

The following bone tissue parameters were used:
compact lamina thickness of 1.5 mm, spongy substance
density of 1400 Hounsfield units (HU), and compact lami-
na density of 1800 HU [17]. The horizontal load applied to
the microimplants was equivalent to the maximum force
level of intraoral elastic traction, amounting to 1.7 H [18].

Six groups of geometric models were constructed
based on the orthodontic implant and bone tissue models,
with variations in implant size and bone tissue model.

Support platform

Transgingival
part

Fig. 1. Model of the orthodontic microimplant performing the function of a temporary support for an orthopedic structure developed

by R.A. Fadeev and M.A. Cheban
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Table 1. Physical and mechanical characteristics of the bone tissue and titanium
Ta6nuua 1. Ou3nKo-MexaHNYeCKIMe XapaKTEPUCTUKN KOCTHOM TKaHU U TUTaHa

Material Modulus of elasticity, hPa Poisson’s ratio Yield strength, MPa Tensile strength, MPa
g(s);\lep;act lamina of bone 13.70 0.26 B 40
Spongy bone 1.37 0.30 - 60
Titanium 113.80 0.32 880 -

Table 2. Magnitude of stresses in the first bone tissue model (spongy substance only)
Tabnuua 2. BenmumnHa HanpsieHuii B NepBoil MOLENM KOCTHOI TKaHu (TOMbKO rybyaToe BeLLecTso)

Microimplant size, mm

Maximum stress in the microimplant,

Maximum stress in bone tissue,

MPa MPa
2x8 0.204 0.003
2x10 0.187 0.004
2x12 0.201 0.004

Subsequently, the following finite-element models were
developed for the aforementioned groups: Group 1
consisted of a bone model and a microimplant with an
internal part size of 2x8 mm (thread height, 6 mm;
transgingival height, 2 mm); group 2, bone model 1 and
a microimplant with an internal part size of 2x 10 mm
(thread height, 8 mm; transgingival part height, 2 mm);
group 3, bone model 1 and a microimplant with an inter-
nal part size of 2x 12 mm (thread height, 10 mm; trans-
gingival part height, 2 mm); group 4, bone model 2 and
a microimplant with an internal part size of 2x8 mm
(thread height, 6 mm; transgingival part height, 2 mm);
group 5, bone model 2 and a microimplant with an inter-
nal part size of 2x 10 mm (thread height, 8 mm; trans-
gingival part height, 2 mm); group 6, bone tissue model
and a microimplant with an internal part size of 2x12
mm (thread height, 10 mm; transgingival part height,
2 mm);

The study employed a mathematical modeling ap-
proach to investigate the stress—strain states within
the microimplant surrounding bone tissue system. This
involved reproducing the material properties and pa-
rameters of the microimplant and the surrounding bone
tissue through the finite-element method. For the analy-
sis, three-dimensional models of microimplants were
constructed in “Compass 3D,” (Russia) and a stress dis-
tribution analysis was performed in “Autodesk Inventor”
(USA).

The physical and mechanical characteristics (elastic
modulus, Poisson'’s ratio, yield strength, tensile strength)
of the bone tissue and titanium were obtained from spe-
cialized literature sources and are presented in Table 1
(2, 15, 16, 19, 20].

DAl https://doiorg/1017816/uds633508

RESULTS

The results of the finite-element method study in-
vestigating stress distribution in microimplants and sur-
rounding bone tissue are presented below.

Group 1 consisted of a bone tissue model and a mi-
croimplant with an inner part size of 2x8 mm (Fig. 2);
group 2, bone tissue model 1 and a microimplant with
an internal part size of 2 x 10 mm (Fig. 3); group 3, bone
tissue model 1 and a microimplant with an internal part
size of 2x12 mm (Fig. 4); group 4, bone model 2 and
a microimplant with an internal part size of 2x8 mm
(Fig. 5); group 5, bone model 2 and a microimplant with
an internal part size of 2 x 10 mm (Fig. 6); group 6, bone
model 2 and a microimplant with an internal part size of
2x12 mm (Fig. 7).

Tables 2 and 3 illustrate the maximum stress values
in microimplants and bone tissue, respectively, as a func-
tion of the bone tissue model.

The characteristics of stress distribution under hori-
zontal loading on the microimplant were evaluated, and
the maximum stresses were concentrated in the area of
the supragingival part of the construct. In this area, the
stresses ranged from 0.187 to 0.218 MPa. In contrast, the
load was distributed evenly in the area of the intraosse-
ous and transgingival parts.

The study of stress distribution in the bone tissue
demonstrated that when a load was applied to a microim-
plant situated solely within the cancellous bone, uniform
stresses were observed throughout the microimplant’s
body. Upon examination of the stresses in the second
bone tissue model, the compact plate within the bhone
did not result in the accumulation of stresses within the
area of this layer. Instead, the stresses were primarily
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Fig. 2. Group 1: stress distribution in the microimplant (a) and bone
tissue (b)

Puc. 2. Tpynna 1 — pacnpefienenne HanpsiKeHUA B MUKPOUM-
nnauHTare (@) U KocTHoW TKaHu (b)

Nodes: 12944
Elements: 7767
Type: Mises voltage
Unit: MPa

0.2005 max

Nodes: 12910
Elements: 7743
Type: Mises voltage
Unit: MPa

0.003926 max

0.1838 0.003602

(U] 0.003278

I 0.002954
I 0.00263

0.002307
0.001983 |
(0001659
i 0.001335
0.001011
U 0.000688
0.000364

0.00004 min

a b

Fig. 4. Group 3: stress distribution in the microimplant (a) and bone
tissue (b)

Puc. 4. Tpynna 3 — pacnpegeneHne HanpsKeHWd B MUKPOUM-
nnaHTare (@) u KocTHoW TKaHu (b)
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Fig. 6. Group 5: stress distribution in the microimplant (a) and bone
tissue (b)

Puc. 6. 'pynna 5 — pacnpefeneHne HanpsKeHUA B MUKPOUM-
nnaxTare (@) 1 KOCTHO# TKaHm (b)
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Fig. 3. Group 2: stress distribution in the microimplant (a) and bone
tissue (b)

Puc. 3. Tpynna 2 — pacnpefieneHne HanpspKeHUA B MUKPOUM-
nnaurare (@) 1 KocTHoW TKaHu (b)
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Fig. 5. Group 4: stress distribution in the microimplant (a) and bone
tissue (b)
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Fig. 7. Group 6: stress distribution in the microimplant (a) and bone
tissue (b)

Puc. 7. Tpynna 6 — pacnpefefieHne HanpsiKeHWi B MUKpPOUM-
nnauTare (a) U KOCTHOW TKahu (b)
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Table 3. Magnitude of stresses in the second model of bone tissue (spongy substance and compact plate)
Tabnuua 3. BenmunHa HanpsKeHMI BO BTOPOM MOLEIM KOCTHOM TKaHW (rybyaToe BeLL,eCTBO M KOMNAKTHas NNacTUHKa)

Microimplant size, mm

Maximum stress in the microimplant,

Maximum stress in bone tissue,

MPa MPa
2x8 0.211 0.016
2x10 0.197 0.019
2x12 0.218 0.024

concentrated in the cancellous bone along the microim-
plant’s body.

CONCLUSIONS

1. The results demonstrate that microimplants can
withstand horizontal loads without compromising their
structural integrity.

2. The maximum stresses experienced by the micro-
implants do not exceed 0.218 MPa, with a limit value of
880 MPa.

3. The application of a horizontal load to the micro-
implant resulted in the distribution of stresses predomi-
nantly around the cancellous bone, irrespective of the
presence of the compact lamina. The maximum stress
values in the bone tissue were <0.024 MPa, indicating a
high reserve of bone tissue strength at the current load-
ing level.
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