“Bulletin of Dentistry”

15

“Bicnuk cmomamono2ii”, N 1(114), T 39 — 2021

I ORTHODONTIC SECTION

DOI 10.35220/2078-8916-2021-39-1-15-19
UDC 616.314.2-031.2-053.2/.6-089.23:[531.072:51]

S.1. Doroshenko, M.D., S.M Savonik

Private Education Institution «Kyiv Medical University»,
Kyiv Ukraine

MECHANICAL AND MATHEMATICAL
MODELING OF THE PROCESS
OF TREATMENT OF DENTITION DEFECTS
OF THE FRONTAL AREA IN CHILDREN
AND ADOLESCENTS

ABSTRACT

Topicality of research. Treatment of dentition defects of
the frontal area in children and adolescents involves the
usage of special devices, that is prosthesis appliances,
that have specific design features. Such devices create or-
thodontic forces. As the force is a vector characteristic, it
means that it is necessary to determine the magnitude, di-
rection and the point of the force application to provide
treatment.

The purpose of research. Was improvement of the meth-
ods of treatment of dentition defects, in particular, the
frontal area in children and adolescents based on the
process of mechanical and mathematical modeling using
a non-removable orthodontic prosthesis appliance on the
upper jaw.

Materials and methods. The subject of the research was a
system consisting of a dento-maxillaire complex of a pa-
tient and an orthodontic device for treatment of dentition
defects of the frontal area in children and adolescents on
the upper jaw during orthodontic treatment. The research
was carried out by the method of theoretical mechanics
and mechanics of a deformable solid.

Results. The point of application and direction of the or-
thodontic force significantly influences teeth movement.
According to the way the orthodontic force is applied, it
can produce a translation movement of a tooth or transla-
tion-rotational one.

The type of teeth movement depends on the relative posi-
tion of the orthodontic force vector and the resistance
forces that are applied from the jaws’ bone tissue. Re-
sistance forces are applied to the tooth root surface and
their action can be replaced by an equal force that passes
through the center of the resistance of the tooth. The cen-
ter of the resistance is the point through which the result-
ant pasese that prevents teeth from movement. The center
of tooth resistance is in the middle part of the tooth root.
Here is the case when the orthodontic force vector is ap-
plied in the direction parallel to the occlusal plane and
passes through the center of the resistance of the tooth
root. The action of orthodontic force causes the appear-
ance of normal stresses, which are evenly distributed at
the point that passes through the axis of the tooth. Since
the vectors of the resultant resistance force and orthodon-
tic force coincide in the direction, the tooth moves
translationally and parallel to the occlusal plane in the
direction of the orthodontic force.

When the orthodontic force vector passes through the
center of the resistance of the tooth root at some angle to
the occlusal plane, it causes the appearance of not only
normal but also tangential stresses. The tooth will move
translationally (bodily) in the direction of the orthodontic
force.

The case of orthodontic force, the vector of which passes
between the apex of the tooth root and the center of the
resistance of the tooth causes the appearance of evenly
distributed tangential and unevenly distributed normal
stresses in the axial section of the tooth. The vectors of
the resultant resistance force and the orthodontic force do
not coincide in the direction, which leads to translational
and rotational movement of the tooth. The tooth in this
case rotates clockwise. If the vector of orthodontic force
passes between the crown of the tooth and the center of
the resistance of the tooth root, the action of the ortho-
dontic force will cause the appearance in the axial section
of evenly distributed tangential and unevenly distributed
normal stresses. But the tangential stresses in this case
will act in the opposite direction, restraining the vertical
movement of the tooth. The tooth rotates in this case
counterclockwise.

Conclusions. The point of application and direction of the
orthodontic force significantly influencs the teeth move-
ment. Depending on how the orthodontic force is applied,
the tooth movement can be translational, or translational-
rotational.

If the orthodontic force vector is applied in the direction
parallel to the occlusal plane and passes through the cen-
ter of the resistance of the root, the tooth moves
translationally and parallel to the occlusal plane. When
the action of orthodontic force, the vector of which passes
between the apex of the root and the center of the re-
sistance of the tooth, it leads to translational and rota-
tional movement of the tooth clockwise. If the orthodontic
force vector passes between the crown of the tooth and
the center of the resistance of the tooth, in this case, the
tooth rotates counterclockwise. If the orthodontic force is
not directed through the center of the resistance, the or-
thodontic force will cause in addition to the translational
movement in the direction of the orthodontic force, also
its rotation around the axis of the tooth.

The work is a fragment of a topic of the academic re-
search works "Differentiated approach in the choice of
treatment of dentition defects of the frontal area in chil-
dren and adolescents” (state registration number
(0116U008918))

Key words: defects in the dentition rows, the place of ap-
plication of force, the direction of action of orthodontic
force.

© Doroshenko S.1, Savonik S.M., 2021.



16
“Bulletin of Dentistry”

“Bicnuxk cmomamonoz2ii”, N 1(114), T 39 — 2021

C.1. /lopowenko, 0. meo. n., C. M. Casonik

IIpuBaTHuil BuMii HaByabHUM 3aknaz «KuiBcbkui
MeIMYHUH yHiBepcuTeT», KuiB Ykpaina

MEXAHIKO-MATEMATUYHE
MOJEJIIOBAHHSI IPOLIECY JIIKYBAHHSI
JE®EKTIB 3YBHUX PSI/IIB ®POHTAJIbHOI
JOLISIHKM Y JITEN TA OUIJIITKIB

AHOTANIA

Axmyansnicms oocnioxycennsa. Jlixysanns oegexmis 3y-
OHUX psodie ¢ppoumanvHoi dinsinku y Oimeti ma nionimKie
nepeobauac BUKOPUCMAHHA  CHeYianbHUX HPUCMpOis,
mobmo anapamie — npome3sis, AKi MarmMv Ne@Hi KOHC-
mpykmugni ocobnusocmi. Taxi npucmpoi cmeopioromo
opmodonmuyni 3ycunia. OCKiibKu 3yCUNIA € 8eKMOPHOIO
8EIUUUHOIO, MO O/l NPOBEOCHHS OPMOOOHMUYHO20 TIK)-
8aHHA HEOOXIOHO 8UHAYUMU BEIUYUHY, HANPAM MA MOY-
KV NPUKIAOAHHS YUX 3)YCUTD.

Mema o0ocnidicennsa. € yOOCKOHANEHHS MEMOOUK JiKy-
6anHs Oeghekmis 3YOHUX pAdi8, 30Kpema PpOHMANbHOI Oi-
JSIHKY Y Oimeti ma nionimKie Ha OCHOBI NPoyecy MexaHi-
KO-MAmMeMamuiHo20 MOOeI08AHHS 3d O0ONOMO20I0 He3Hi-
MHO20 OpPMOOOHMUYHO2O ANApaAma-npome3a Ha 6epxHiO
weneny y dimeti ma nionimkis.

Mamepianu ma memoou. [Ipeomemom oocniddxicenus 0y-
Ja cucmema, AKa CKIaoanacs iz 3y6oujenennozo KoMniex-
Cy nayieHma ma opmoOOHMUYHO20 NPUCMPOIO Ol JIK)-
6anHs Oepexmis 3YOHUX psidi6 PPOHMANLHOI OUIAHKU Y
dimetl ma nionimKie Ha 8epXHIO Wjeneny 8 npoyeci opmo-
OOHMUYHO20 NIKY8aHHA. J{OCTIONCEHHST NPOBOOUNIU MEmO-
00M MeopemudHoi Mexauiku ma Mexauiku oepopmisHoco
meepodoeo mina.

Pesynomamu. Micye npukiadanus ma Hanpsm 0ii opmo-
OOHMUYHO20 3YCUNLIA ICHOMHO GNIUBAIOMb HA Nepecy-
eanHs 3y0i8. B 3anesxcnocmi 610 mozo, sk RpUKIad0aemocsi
OpmMOoOOHmMUYHe 3YCUNIA, 3Y0 Modce nepecysamucs noc-
MynanvHo, abo NOCMYNAaibHO-00ePMAalbHO.

Cnocib nepecysanns 3y0i6 3anexcums 8i0 634EMHO20 NO-
JIOJCEHHST BeKMOPA OPMOOOHMUYHOI CUIU A CUTL ONOPY,
sKI Oitomb 3 00Ky Kicmkoeoi mxkanunu wieaen. Cuau onopy
Oitomb Ha NoepxHI0 Kopens 3y6a i ix 0ito MOdCHA 3aMi-
HUmMu pi6HOOIIOUOI0 CUNIOIO0, AKA NPOXOOUMb Yepe3 YeHMp
onopy (pe3ucmenmnocmi) 3yoa. Llenmp pesucmenmuocmi
— ye mouka, uepes 5Ky npoxooums piGHOOIOUA CUJ, SIKI
npomuditoms nepemiwennio 3yoa. ILlenmp onopy 3y6a
3HAXO0OUMbCSL 8 CEPeOHill YACMUHI KopeHsl 3y0a.
Pozensanemo eunadox, koau 6exmop opmoooOHmMuUYHO20 3y-
cunis 0i€ 8 HaNPAMI NAPAIEIbHOMY OKTIO3IUHIL HAOWUHI |
npoxooums uepes yeHmp onopy kopems 3yoa. /lis opmo-
OOHMUYHOI CUNU BUKIUKAE NOAEY HOPMALLHUX HANDY-
JHCeHb, KL PIBHOMIDHO PO3NOOLIAIOMbCSL HA NEPEMUHI, SIKe
npoxooums uepe3 gicb 3y06a. OCKiNbKU 8eKMOpU pe3yilb-
MYHYoi cuu Onopy i OpmMoOOOHMUYHOT CUIU CRIGNAOArOMb
nO Hanpsmy, mo 3y0 nepemiuy€mvcs NOCMynaibHo ma
napanenvbHo OKO3IUHIL NIOWUHI 8 Hanpami O0ii opmooo-
HMUYHO20 3YCUTLIA.

Konu eexmop opmodonmuynozo 3ycunis npoxooums e-
pe3 Yewmp pe3UCMeHmHOCmI KOpeHsi 3y0a nid OesKum
KYmMoMm 00 OKAIO3IUHIUHOI NIOWUHU, MO Ye UKIUKAE NOs-
8y He MINbKU HOPMANbHUX, ale 1l OOMUYHUX HANPYICEHb.

3y6 6Oyoe nepemiwgysamucs ROCMYNAIbHO (KOPNYCHO) 6
Hanpami Oii opmoOoHMUYHOL Cull.

Bunaoox 0ii opmodoHmuun020 3ycunis, 6eKmop K020
npoXooums MidiC 8epXiBKOoI0 KOpeHs 3y6a ma yeHmpom
onopy 3y6a BUKIUKAE NOABY 8 0CbOBOMY NepemuHi 3y0a
PIBHOMIDHO PO3NOOLNIEHUX OOMUYHUX | HEPIBHOMIDHO PO3-
NoOiNeHUx HOPMATbHUX HanpydceHb. Bexmopu pesynomy-
04Ol CUNl pe3UCmenmHoOCmi I OpmMOOOHMUYHOI CUIU He
Cnignaoarms no HanNPaMy, wo npu3eooums 00 HOCMyna-
JIbHO-00epmanbHo20 nepemiujenus 3y0a. 3y0 6 ybomy 6u-
naoky 0b6epmaemuvcs 8 200UHHUKOBOMY HANPAMKY. Axujo
8EKMOP OPMOOOHMUYHO20 3YCUTLIA NPOXOOUMb MIdNC KO-
POHKOIO 3y0a ma YeHmpom Onopy KopeHsi 3yoa, mo 0is
OpMOOOHMUYHO20 3YCUNIS BUKTIUYE NOSABY 8 OCLbOBOMY Ne-
PemuHi PiIGHOMIPHO PO3NOOIIEHUX OOMUYHUX [ HEPIGHOMI-
PDHO pO3N00iNeHUx HOPMANbHUX HANpYicens. Ane domuuni
HAanpysiceHHsi 8 Ybomy unaoxy 6yoyms Oiamu 6 360pom-
HOMY HANPAMKY CIMPUMYIOUU 8EPMUKAIbHE NepeMiljenHs
3y0a. 3y6 obepmacmovca 8 yboMy 8UNAOKY Npomu Hanpsi-
MY PYXY 200UHHUKOBOI CIMPIIKU.

Bucnoeku. Micye npuxkiadanua ma Hanpsm Oii opmooo-
HMUYHO2O 3YCUNLIA ICMOMHO 6NIUBAIOMY HA NEPECYBANHS
3y0i6. B 3anexcnocmi 8i0 mozo, AK Npuxiaoaemvcs op-
MOOOHMUYHE 3YCUNIA, 3Y0 MOdCe Nnepecy8amucs nocmy-
nanvbho, abo NOCMynaIbHO-00ePMAIbHO.

Axrujo 6exkmop opmoOoHMUYH020 3yCulisa Oi€ 8 Hanpsami
napaneibHoOMy OKIO3IUHIN NIOWUHI § NPOXOOoums uepes
yewmp onopy KOpeHs, mo 30 nepemiugyemscs nocmyna-
JIHO Ma napaneivbHo OKo3iHIL naowuni. Konu 0isa op-
MOOOHMUYUHO20 3YCULIA, BEKIMOP AKO20 NPOXOOUTNb MidC
8EPXIBKOI0 KOPEHsI ma YeHmpoM onopy 3yoa ye npu3eo-
oums 00 ROCMYNAILHO-00epMANbLHO20 nepemiujenist 3y0a
30 200UHHUKOB0I0 CIMPLIKOI0. AKW0 6eKmop opmoooHmu-
YHO020 3YCUNIL NPOXOOUMb MIJIC KOPOHKOIO 3y06a ma
yewmpom onopy Kopeusa 3yba. Y maxomy eunaoky 3y6
obepmaemvcs NPOMU HANPSAMY PYXy 200UHHUKOBOI CIpI-
JaKku. Axujo opmooonmuyHe 3yCuiia CHpAMOSAHO He Yepes
YeHmp pe3ucmenmHoCmi, mo OpmoOOHMUYHe 3YCUILIS BU-
KIude KpiM ROCMYNANbHO20 PYXY 8 HaAnpami Oii opmooo-
HMUYHO20 3YCULIA, We U 1020 NOBOPOM HABKOJIO OCi 3)0d.
Poboma € ¢ppaecmenmom memu Haykoo-0ocnionoi pobo-
mu «ugepenyitiosanuti nioxio y eubopi memooy iiKy-
6aHHs Oepexmie 3YOHUX ps0i6 PPOHMANLHOI OLIAHKU Y
dimell ma nionimkiey (Homep OepicasHoi peccmpayii
(0116U008918)).

Knrouosi cnosa: depexmu 3yonux psoie, micye npuxia-
OaHHA Cunu, Hanpam Oii OPMOOOHMUUHOO 3YCUTLIA.

Topicality of research. Lack of teeth in child-
hood leads to interference of growth physiological
processes, improper formation of the masticatory
apparatus and the overload of the remaining teeth.
This prevents the process of teeth eruption, uneven
growth of the jaws, the formation of pathological
forms of occlusion, dento-maxillaire deformities and
the appearance of profound morphological and func-
tional changes in the dento-maxillofacial complex.
Treatment of such defects of the frontal dentition in
children and adolescents during the change of tem-
porary teeth should ensure proper formation of den-
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tition, normal development of jaws, timely eruption,
correct position of permanent teeth in the alveolar
bone, normal tongue development, mastication and
swallowing functions. In addition, such treatment
should prevent secondary dental deformities in the
form of shortening of the dental arch, the occurrence
of dentoalveolar lengthening and displacement of
the teeth around the defect [1, 2].

Treatment of dentition defect of the frontal area
in children and adolescents involves the usage of
special devices, that is prosthesis appliances, that
have specific design features [3, 4]. Such devices
create orthodontic force. As the force is a vector
characteristic, it means that it is necessary to deter-
mine the magnitude, direction and the point of force
application to provide treatment [5].

Purpose of research. was improvement of the
methods of treatment of dentition defects, in particu-
lar the frontal area in children and adolescents based
on the process of mechanical and mathematical
modeling using a non-removable orthodontic pros-
thesis appliance on the upper jaw in children and ad-
olescents.

Materials and methods. The subject of the re-
search was a system consisting of a dento-maxillaire
complex of a patient and an orthodontic device for
the treatment of dentition defects of the frontal area
in children and adolescents on the upper jaw during
orthodontic treatment. The research was carried out
by the method of theoretical mechanics and mechan-
ics of a deformable solid.

Results. The absence of some teeth and the in-
correct position of others creates functional and aes-
thetic problems for patients. For treatment of denti-
tion defects of the frontal area in children and ado-
lescents, an orthodontic prosthesis appliance was de-
signed, that is presented in Fig. 1, by means of
which the normalization of the transverse sizes of
the jaws was performed and dentition defect was
compensated during the temporary and mixed peri-
ods of occlusion.
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Fig. 1. The scheme of the prosthesis appliance for treatment of
dentition defects in the frontal area in children and adolescents.

By unscrewing the orthodontic screw 2, an or-
thodontic force is created, which is applied through

the rods 4 and teeth gap bands 3 on the teeth of a pa-
tient 7, thus expanding the upper jaw. Expansion of
the upper jaw is achieved by lengthening the upper
dentition and creating space for permanent teeth that
are to erupt. The rods 5, which are fixed with one
end in the parts of the base 1, support the artificial
teeth 6, which perform the function of biting food,
compensate for aesthetic defects and do not allow
adjacent teeth to lean towards the missing teeth.

The point of application and direction of the or-
thodontic force significantly influencs the teeth
movement. Depending on how the orthodontic force
is applied, the tooth movement can be translational,
or translational-rotational Fig 2.

Fig. 2. Tooth movement caused by the force in the direction of
the cheek through the center of tooth resistance.

1 — normal sresses o,;

2 — orthodontic force X;

3 — position of a tooth before movement;

4 — centre of tooth root resistance;

5 — position of a tooth after movement

The type of tooth movement depends on the rel-
ative position of the orthodontic force vector and the
resistance forces that are applied from the jaws bone
tissue. Resistance forces are applied to the tooth root
surface and their action can be replaced by an equal
force that passes through the center of the resistance
of the tooth. The center of the resistance is the point
through which the resultant pasese that prevents
teeth from movement. The center of tooth resistance
is in the middle part of the tooth root.

Here is the case when the orthodontic force vec-
tor is applied in the direction parallel to the occlusal
plane and passes through the center of the resistance
of the tooth root. The action of orthodontic force
causes the appearance of normal stresses, which are
evenly distributed at the point that passes through
the axis of the tooth. Since the vectors of the result-
ant resistance force and the orthodontic force coin-
cide in the direction, the tooth moves translationally
and parallel to the occlusal plane in the direction of
the orthodontic force Fig 3.
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Fig. 3. Tooth movement caused by the force, that deviates from
the horizon and directed through the center of the resistance of
the tooth:

1 — tangential stresses o;

2 —normal stresses o,;

3 — orthodontic force X;

4 — position of a tooth before the movement;

5 — centre of tooth root resistance;

6 — position of a tooth after the movement.

When the orthodontic force vector passes
through the center of the resistance of the tooth root
at some angle to the occlusal plane, it causes the ap-
pearance of not only normal 2 but also tangential
stresses 1. The tooth 4 will move translationally
(bodily) in the direction of orthodontic force 3.

The case of orthodontic force, the vector of
which passes between the apex of the tooth root and
the center the of resistance of the tooth that is shown
in Fig. 4 causes the appearance of evenly distributed
tangential 1 and unevenly distributed normal 2
stresses in the axial section of the tooth. The vectors
of the resultant resistance force and orthodontic
force do not coincide in direction, which leads to
translational and rotational movement of the tooth
from position 4 into position 6. The tooth in this case
rotates clockwise.

Fig. 4. The tooth movement cause by the force, that is directed
between the apex of the tooth root and the centre of tooth root
resistance and is applied at some angle to the occlusal plane:

1 — tangential stresses o,;

2 —normal stresses o,;

3 — orthodontic force X;

4 — position of a tooth before the movement;

5 — centre of tooth root resistance;

6 — position of a tooth after the movement.

If the vector of the orthodontic force passes be-
tween the crown of the tooth and the center of the
resistance of the tooth root, which is shown in Fig.5,
the action of the orthodontic force will cause the ap-
pearance of evenly distributed tangential 1 and une-
venly distributed normal 2 stresses in the axial sec-
tion. But the tangential stresses in this case will act
in the opposite direction, restraining the vertical
movement of the tooth. The movement of the tooth
will be translational-rotational which will move the
tooth from position 4 to position 6. In this case the
tooth moves counterclockwise.

Fig. 5. Tooth movement caused by the force, that is aplied at
the angle with respect to the horizon and directed between the
tooth crown and the center of the resistance of the tooth:

1 — tangential stresses o,;;

2 —normal stresses o,;

3 — orthodontic force X;

4 — position of a tooth before the movement;

5 — centre of tooth root resistance;

6 — position of a tooth after the movement.

The cases considered above (Fig. 2-5) con-
cerned the movement of the tooth in the plane pass-
ing through the tooth axis. The movement of the
tooth in the plane perpendicular to its axis is shown
in Fig. 6. The force 6 is applied to the tooth 5 di-
rected through the center of the resistance of the
tooth root 4. The orthodontic force 6 in the axial sec-
tion of the tooth causes tangential 1 stresses and
normal stresses 2. The tooth moves translationally
from position 5 to position 3.

_‘.«‘"1 2\ 3 4 5 ""‘«.‘6

Fig. 6. The tooth movement in the plane perpendicular to its ax-
is caused by the force directed to the centre of the tooth root re-
sistance:

1 — tangential stresses o;;

2 — normal stresses c,,;

3 — orthodontic force %;

4 — position of a tooth before the movement;

5 — centre of tooth root resistance;

6 — position of a tooth after the movement.
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If the orthodontic effort is not directed through
the center of the resistance Fig. 7, the orthodontic
force 6 will cause its rotation around the axis of the
tooth in addition to the translational movement in
the direction of the orthodontic force.

12 03 4 516

Fig. 7. The tooth movement in the occlusal plane caused by the
force that does not coincide with the tooth axis:

1 — tangential stresses o,;;

2 — normal stresses o,,;

3 — orthodontic force X;

4 — position of a tooth before the movement;

5 — centre of tooth root resistance;

6 — position of a tooth after the movement.

Therefore, the point of application and the di-
rection of the orthodontic force significantly influ-
ences the type of the tooth movement. If it is neces-
sary to move the tooth translationally, then the or-
thodontic force should be applied to the tooth so that
its vector passes through the center of the resistance
of the tooth root, which is approximately halfway
between the neck and the apex of the root.

If the tooth inclination is necessary parallel to
the translational movement of the tooth, then the
vector of the orthodontic force must pass through the
axis of the tooth root above or below the center of
the resistance. If it is necessary to simultaneously
move traslationally and rotate the tooth around its
axis, it is necessary that the orthodontic force vector
does not pass through the axis of the tooth.

Discussion. Today, it is especially important to
conduct informative and educational work among
children and their parents in order to early detect
disorders of the dento-maxillaire system in children,
provide timely dental prosthetics to prevent persis-
tent deformities of the dento - maxillofacial area.

In addition, a scientific and mechanical — math-
ematical substantiation of rational methods of re-
placement of dentition defects is planned in order to
determine the most acceptable vector of the ortho-
dontic force during treatment with a fixed orthodon-
tic prosthesis appliance on the upper jaw.

Conclusions. The prosthesis appliance was
made taking into account individual anatomical and
medical features of patients on the basis of their di-
agnostic models. The clinical application of the pro-
posed device provided an impact on the transverse

sizes of the jaws, correction the position of incor-
rectly positioned teeth, free eruption of permanent
teeth and meeting the physiological and aesthetic
needs of patients.

The use of methods of mechanical and mathe-
matical modeling allows to create a mathematical de-
scription of the processes that occur during treatment,
and improve it. The point of application and direction
of the orthodontic force significantly influences tooth
movement. According to the way the orthodontic
force is applied, it can produce a translation move-
ment of a tooth or translation-rotational one.

If the orthodontic force vector acts in the direc-
tion parallel to the occlusal plane and passes through
the center of the resistance of the root, the tooth
moves translationally and parallel to the occlusal
plane. When the action of the orthodontic force, the
vector of which passes between the apex of the root
and the center of the tooth resistance, it leads to
translational and rotational movement of the tooth
clockwise. If the orthodontic force vector passes be-
tween the crown of the tooth and the center of the
resistance of the root of the tooth, in this case, the
tooth rotates counterclockwise. If the orthodontic
force is not directed through the center of the re-
sistance, the orthodontic force will cause in addition
to the translational movement in the direction of the
orthodontic force, also its rotation around the axis of
the tooth.

Directions for future research. Development
and implementation in the medical practice of a non-
removable orthodontic prosthesis appliance to re-
place dentition defects of the frontal area in children
and adolescents.

Conflict of interests. Absent.
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