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Zlo ocHOBHMX yMOB, siKi 3a6€3re4ytoTb XOPOLLi (DYHKLIIOHa/IbHI SIKOCTi | JOBrOBIYHICTD MPOTE3HUX KOHCTPYKUIY 3 TOYKM
30py bioMexaHiku, 6E3CYMHIBHO, BIHOCUTLCS OITUMA/IbHWI CroCi6 GikcaLlii YacTKOBOro 3HIMHOIO NnpPoTEe3a, SIKMi Nossrae
B 1paBusibHOMY BMOOPI CUCTEMM KIIAMEDIB, L0 3abe3MeYyoTe HaaiiHy gikcauito npotesa B 3aAaHOMy MOJIOXKEHHI i B TOU
)K€ Yac 3aBAaE MiHIMyM LLKOAM OMOPHUM 3y6aM, a TaKoX HavbifibLL paLioHabHWI PO3IIOAIT OK/MO3IIHUX HaBaHTaXeHb
LYO rEPEAArOTHECS Ha OrMOPHI TKaHWHY, Tak SIK came Ui QakTopy BU3HaHatoTb JOBrOTPUBA/IICTE QYHKLIOHYBaHHS 3HIMHUX
nportesis. MeToro BUKOHYyBaHUX GIOMEXaHIYHNX AOC/IDKEHb € aHasli3 HarpyXeHO-Ae@OopMOBaHOro CTaHy OropHux 3ybis
4acTKOBMX 3HIMHUX MPOTE3iB, L0 3aMilaroTb BK/IIOHEHMN | KIHLEBI AegeKTu 3y6HOro psay npy ikcauii npotesis Ha
ornopHux 3ybax 3a AOMOMOIrow yTPUMYIOHUX Ta OMNOPHO-YTPUMYIOYMX KamepiB. [JOC/TIKEHHS] BUKOHYBa/MCS Ha MoAesi
HWKHBOI Lenern 3 rabaputHuMu po3mipamn ronePEYHoOro rnepepisy, BIAMNOBIAHUM AESKUM YCEPEAHEHUM PO3MIpaMM.
lleplia 06'eMHa KiHLEBO-€/IEMEHTHA MOAE/L PO3pobeHa /18 AOC/IIKEHHS HaIPY)XeHO-Ae(hOPMOBaHOIro CTaHy 38'S30K
repiofoHTa oropHuX 3y6iB i OrOPHUX TKaHUH SCEH NPy 3aMilyeHHI BK/IIOYEHOIrO | JBOCTOPOHHBOIO KiHLIEBOIro AEQMEKTIB
3y6Horo psaay (1 knac 1 nigknac 3a KeHHEL() HWKHBOI Lenenu 3HIMHUM rpoTe30M 3 QiKcalliero yTpuMyoummu Kiamepa-
MU Ha iknax i nepmx rpemosnsapax. Jpyra o6'€eMHa KiHLEBO-€/1EMEHTHA MOAE b PO3pob/IeHa A1 AOCTIKEHHS Harpy-
JKEeHO-AEGOPMOBAHOro CTaHy 3B'S30K NepIoAOHTa OMOpHUX 3y06iB | OMOPHUX TKaHUH SICEH NPy 3aMilieHHI BKTIOYEHOro i
JIBOCTOPOHHBOIO KiHUEBUX AEQDEKTIB 3yOHOro psAy HUXHLOI Lyeneny 3HiMHUM GroresibHUM rpoTe3oM 3 ¢ikcalliero ornop-
HO-YTPUMYIOYUMU K/IaMepamu Ha ikaax | nepLimMx rpemosispax 3 OfOPHUMU [iednMa KIamepis 3 ANCTasbHUX CTOPIH
npemosisipi. B pe3ysibTati BUKOHaHUX AOCTIAKEHb MOXHA 3D00UTU HACTYIHI BUCHOBKN: B 060X po3r/isiHyTuX BapiaHTax
@ikcauii 3HIMHUX GHOre/IbHNX MPOTE3IB HABaHTAKEHUX MAaKCUMAIbHUMM 3HAYEHHSIMU EKBIBASIEHTHNX Harpy)XeHb B
rEPIOAOHTI OropHUX 3yOIB JIOKa/li30BaHi y BEPXIBKN a/IbBEO/ISIPHOIO rpebeHs, WO CBIAYNTL Mpo nepegady OroresibHuM
npoTesom came "po3xuTyrounx” oropHi 3ybm 3ycusib. MakcumasibHi 3Ha4YE€HHSI EKBIBASIEHTHUX HArpyXXeHb B MEDIOAOHTI
ornopHux 3y6iB ripu @ikcauii 3HIMHOro 6Hore/IbHOro nPOTe3a OrMOPHO-YTPUMYIOHYUMY KIaMEPaMN Ha IK1ax | nepLumx rpe-
MOJISIpax NEPEBULLYIOTH BIAINMOBIAHI 3HAYEHHS EKBIBA/IEHTHUX Harpy>XXeHb Ha BIAMIHY Bi BUNAAKY ikcauii npotesa yTpu-
MyroummMn Knamepamm Ha 30 - 140%! 3i 36i/bLieHHSIM MiAAaTIMBOCTI SICEH, 3HAYEHHSI E€KBIBAJIEHTHNUX HAIpPyXXEeHb B
nePIOAOHTI oropHux 3y6iB fpu  @ikcauii 3HIMHOro O1ore/IbHOro npoTe3a yTPUMYIOYUMYU  KiaMepamm 3MiHIOIOTECS
HECYTTEBO B Mexax 25%, a 36i/1bLUeHHS BiANOBIAHNX EKBIBASIEHTHUX HANPYXXeHb Py BUKOPUCTAHHI OrTOPHO-YTPUMYHOYMX
K/1aMEDPIB MOXe CTaHoBUTH 65%. 3 MeTo 3a6e3reqYeHHs] MaKCUMAasIbHOIrO LYagHOro PEXUMY TKaHWH NEPIOJOHTa Ornop-
Hux 3y6iB | IK HAC/TIAOK - MOXIIMBICTL HaVOIfIbLL TPUBAE/IONrO KOPUCTYBAHHS MPOTE30M 6€3 PO3XMTYBaHHS OropHWX 3y6is B
AaHIVl KHIYHI cuTyauii 6iibll  AOUIIBHUM BUAAETLCS BiAAAaBaTU EPEBArY 3aCTOCYBAHHIO OKOresibHUX rpoTesiB 3
Qikcaljiero came yTpUMyroYnMyu KiaMepam.

Knro4oBi cnoBa: Knammep, gedekT 3ybHoro psigy, MaTeMaTu4He MOAENOBaHHS, opToneanydHa cToMaTororist

The basic conditions that ensure good functional qualities and durability of prosthetic structures from the point of view of
biomechanics, undoubtedly include an optimal way of fixing a partial removable prosthesis, which consists in the correct
choice of the clamping system that ensures reliable fixation of the prosthesis in the given position and at the same time
causing a minimum of harm supporting teeth, as well as the most rational distribution of occlusal loads transmitted to
the supporting tissues, since it is these factors that determine the durability functioning dentures. The purpose of biome-
chanical studies is to analyze the stress-strain state of the supporting teeth of partial removable prostheses replacing the
included and terminal defects of the dentition when fixing the prosthesis on the supporting teeth with the help of holding
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and supporting-retaining clamps. The studies were performed on a model of the mandible with overall dimensions of the
cross section corresponding to some average dimensions. The first volumetric finite element model was developed to
study the stress-strain state of periodontal ligaments of supporting teeth and supporting gingival tissues when the in-
complete and bilaterial end defects of the dentition were replaced (1 class 1 subclass by Kennedy) of the mandible by a
removable denture with fixation by retaining clamps on the canines and the first premolars. The second volumetric finite
element model is designed to study the stress-strain state of periodontal ligaments of supporting teeth and supporting
gum tissues when the included and two-sided end defects of the dentition of the lower jaw are replaced by a removable
clasp prosthesis with fixation of support-retaining clamps on canines and first premolars with support arms of clamps
from the distal sides of premolars. As a result of the studies performed, the following conclusions can be drawn: In both
considered variants fixation of removable clasp prostheses loaded with maximum values of equivalent stresses in the pe-
riodontium of the supporting teeth is localized at the apex of the alveolar ridge, which indicates the transfer of the
"clutching" supporting teeth of the clasp prosthesis. The maximum values f equivalent stresses in the periodontitis of the
supporting teeth during fixation of the removable clasp prosthesis by the support-retaining clamps on the canines and
the first premolars exceed the corresponding values of the equivalent stresses for the case of fixing the prosthesis with
retention clamps by 30-140%! With an increase in gum compliance, the values of equivalent stresses in the periodontitis
of the supporting teeth during fixation of the removable clasp prosthesis by the retaining clasps vary insignificantly
within 25%, and an increase in the corresponding equivalent stresses with the use of support-holding clasps may be
65%. In order to ensure the maximum sparing regimen of periodontal tissues of supporting teeth and as a result - the
possibility of the most prolonged use of the prosthesis without loosening of the supporting teeth, it scems more expedi-
ent to give preference to the use of clasp prostheses with the fixation of the retaining clasps.

Key words: Clammer, dentition defect, mathematical modeling, prosthetic dentistry

The main conditions ensuring good functional quali- state., They contain all main structural components: the
ties and durability of prosthetic structures from the point alveolar bone, which includes both the cortical layer and
of view of biomechanics undoubtedly include the optimal the spongy substance; soft gum tissue; ligamentous ap-
method of fixing a partial denture, which is the correct paratus of the periodontium; teeth consisting of a crown
choice of a system of clasps [1, 3] ensuring reliable fixa- with enamel and neck, and the root part. The main di-
tion of the prosthesis in a predetermined position and mensions used in modeling the profiles of the abutment
same time causing minimal damage to the supporting and prosthetic teeth are taken according to the recom-
teeth, as well as the most rational distribution of occlu- mended dimensions for modeling [1].
sal power transmitted to  the  supporting tissue, since Studies were performed on the model of the lower jaw
these factors determine the duration of the functioning of with the overall dimensions of the cross section corre-
removable prostheses [2] . sponding to some averaged sizes. The consolidation of

The purpose ofthe biomechanical studies is the the three-dimensional model of the lower jaw was carried
analysis of stress-deformed state of abutment teeth par- out in the nodes of the final elements located in the areas
tial dentures, and the second substitute terminal included of the temporal mandibular joints and places of attach-
defects in dentition during fixation prostheses on the ment of masticatory muscles Fig. 1.

abutment teeth by means of retaining and supporting-
retaining clasps.

Materials and methods

The primary criterion when compared fixing denture
clasps for different designs can receive force

(stress O e ) in the periodontal abutment teeth, arising
from the impact on the prosthesis functional loads.

The study of the stress-strain state of abutment teeth,
which undertake some of the functional loads transmitted
through the clasp prosthesis, is most expediently per-
formed using a finite-element analysis, which is promis-
ing for solving various biomechanical problems in con-
temporary orthopedic dentistry and has been recently in-
creasingly confirmed in the works of both foreign and
domestic authors.

Mathematical modeling was performed using the well-
known NASTRAN modeling and finite element analysis
package, designed for implementation in a Windows en-

vironment on a personal computer. The package with Fig. 1. Volumetric finite element model of the lower jaw with
which the considered models are constructed and ana- partial removable arc denture fixation with retaining clasps
lyzed on the basis of a finite-element procedure deter- The main dimensions used in modeling profiles of
mines the displacement of each node of the final element supporting canines and premolars are taken according to
along three coordinate axes, normal and tangential the recommended sizes for modeling. The width of the
stresses, as well as equivalent Huber-Mises stresses. periodontal gap of the abutment teeth is within 0.15 -
The studies were performed using elastic volumetric 0.3 mm, and the thickness of the soft tissues of the gums
models of partial removable arc dentures replacing the above the top of the alveolar process is up to 2.5 mm.
distal and included defects of the mandibular tooth row. The physicomechanical characteristics of the structural
We developed three-dimensional finite-element mod- components of the ultimate element model of the lower

els of the lower jaw for the analysis of the stress-strain
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jaw and the partial denture are presented in Table. 1, ac-
cording to the values given in [2] and [3].

The use of contact elements (working only under com-
pression) in the finite element model between the lower sur-
face of the prosthesis base and the upper surface of the
gum tissues, as well as the surfaces of clasps and abutment
teeth, prevents the transfer of forces from the clutch pros-
thesis to the supporting tissues of the dentary segment in
the absence of contact between the contacting surfaces.

Table 1.

Physico-mechanical characteristics of the structural components
of the finite element model of the mandible fragment used

in the calculations

The modulus . ,
Material of elasticity E, Po:jizn s gt.rer'c/lg;g
M p and "

Cortical bone layer 2:10° 0,3 45
Spongy bone 510° 0,3 15
Periodontium 0,5-50 0,45 3,8
Gum 0,75-75 0,25 -

Dentine 2:10° 0,3 24
Enamel tooth 4,0-10° 03 34
Plastic prostheticseafl  2,5:1 0’ 0,3 50
Alloy metal | 2210° 0,32 800

When creating a mathematical model as functional
loads (occurring during chewing of the food) taken
load applied to the occlusal surfaces of teeth crowns and
denture substitutable directed along the axes of the re-
spective teeth. To eliminate the stress concentrations ob-
served at the points of application of forces, the load was
evenly distributed over the occlusal surfaces of the re-
placement teeth of the removable denture. The absolute
values of the load have little influence on the solution of
the problem (since any reference load value can be used
to compare the maximum values of the equivalent
stresses in the periodontium using different shaped
molded clasps of removable clasp dentures).

The first volumetric finite element model is designed
to study the stress-strain state of the periodontal liga-
ments. The abutment teeth and the supporting gum tis-
sue in the substitution included and double terminal de-
fects dentition (1 Class 1 subclass by Kennedy) mandibu-
lar denture retaining latching clasps in canines and a first
premolar.

Under a load of a removable prosthesis, all possible
options for the localization of the food lump were consid-
ered along the length of the prosthesis saddle. As can be
seen from the Table. 2.

Table 2.

The results of calculations of equivalent stresses in the periodontal teeth of the lower jaw with fixation of a removable prosthesis with
retaining and supporting-retaining clasps the maximum values of the equivalent stresses in the periodontal teeth of the abutment teeth
occur when placing the food lateral incisor and over the second molar and are respectively 1,408 MPa and 1,315 MPa.

Maximum equivalent stresses in periodontal (MPa) at localization of the functional load on
Clammer view when fixing -
the prosthesis Central incisor Lateral incisor The second Thefirst | The second
premolar molar molar
The modulus of elasticity of the gums E = 7.5 MPa
holding 1,209 1,408 1,103 1,19 1,315
support-holding 1,374 1,736 1,822 1,215 1,323
The modulus of elasticity of the gums E=5 MPa
holding 1,359 1,691 0,982 1,122 1,329
support-holding 1,623 2,139 2,187 1,184 1,33
The modulus of elasticity of the gums E=2,5 MPa
holding 1,723 1,132 1,279 0,996 1,382
support-holding 2,305 2,989 2,817 1,527 1,374

The second volumetric finite element model was de-
veloped to study the stress-strain state ligaments perio-
dontal supporting teeth and the supporting gum tissue in
the substitution included and double end s defective s
dentition mandibular detachable clasp prosthesis with the
fixation support-retaining clasps for canines and first
premolars to the support clumps shoulders from the distal
sides of the premolars.

The results of the calculation of equivalent stresses in
the tissues of the periodontal abutment teeth are pre-
sented in Table. 2 (second line). As can be seen from the
table. 2, bolus for all localization equivalent embodiments
is a strain periodontal supporting teeth during fixation of
the prosthesis-supporting retaining clasps exceed the
corresponding values of x are equivalent strain minutes
arising during fixation of the prosthesis retaining clasps.
Maximum Feed M values of the equivalent stresses in
the periodontal supporting teeth arise when bolus and in
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the vicinity of the supporting teeth on the lateral incisor
and the first premolar respectively equal to 1,736 MPa
and 1,822 MPa.

For greater clarity in Fig. 2, the fields of equivalent
stresses of the periodontal abutment teeth are presented
for cases of fixation of the clasp prosthesis with retaining
and supporting-retaining clamps.

The maximum values of the equivalent stresses in the
supporting periodontium of teeth on their partial denture
fixation cases arise at the top of the alveolar crest. This
distribution of stresses indicates the transfer of the efforts
that are loosening the abutment teeth to the cusp, since
with the application of the axial component of the func-
tional load directly to the abutment teeth, the equivalent
stresses in the periodontal are distributed more evenly
and their maximum values are observed at the apex of
the tooth root.
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1.105
1.036
0.967
0.898
0.829
0.76
0.691
0.622
0.553
0.483
0.414
0.345
0.276
0.207
0.138
a 0.0691
0

Fig. 2. The fields of equivalent stresses of the periodontal abutment teeth are presented for cases
of fixation of the clasp prosthesis with retaining and supporting-retaining clamps.

Further studies | performed with varying Hovhan the
values of the elastic modulus of the gum tissue (deter-
mining the gingival compliance) for the cases of fixation
of the clasp prosthesis with retaining and supporting-
retaining clasps. The maximum equivalent stresses in the
periodontal teeth of the abutment, taking into account
the different compliance of the gums for the case of fixa-
tion of removable clasp prostheses with retaining and
supporting-retaining clasps on the canines and the first
premolars are presented in Table. 2 (lines 3-6).

Conclusions

1. In both these embodiments fixation removable den-
ture clasp s loaded with maximum values of equivalent
voltages at the periodontal abutment teeth are localized
at the apex of the alveolar ridge, which indicates the
transfer of the efforts that are “loosening” the abutment
teeth by the clutch prosthesis.

2. The maximum values of equivalent stresses in the
periodontal teeth of the supporting teeth when fixing a
removable clasp prosthesis with supporting-holding
clasps on the canines and first premolars exceed the cor-
responding values of equivalent stresses for the case of
fixation of the denture by clasps by 30 - 140%)!

3. With an increase in the gingival compliance, the
values of equivalent stresses in the periodontal teeth of
the abutment teeth when fixing a removable clasp pros-
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thesis with retaining clips do not change significantly
within 25%, and an increase in the corresponding equiva-
lent stresses when using support-holding clasps can
be 65%.

4. In order to ensure maximum gentle treatment of
periodontal tissues of the supporting teeth and, as a re-
sult, the possibility of the most long-term use of the pros-
thesis without loosening of the supporting teeth, it
is more appropriate to give preference to the use of the
clasp prostheses with fixation of precisely the retainings
clasp.

References

1. Korol M D, Korobeinikov LS, Kindiy DD, Yarkoviy VV,
Skripnikov PM. Atlas of anatomy with a homeowner of a
chewing apparatus. Poltava: Formula Base;2002. 224.

2. Polyakova TV, Gavryushin SS, Arutyunov SD. Simulation
of the planning of the installation of temporary implants
under the support of prototype bridges for the period of
osseointegration of two-stage dental implants.
Engineering Journal: Science and Innovation. 2016;12:1-
15.

3. Chuiko AN, Vovk BE. Features biomechanics and in den-
tistry: Monograph. H.: Prapor: 2006: 304.

4. Ugrin M.M., Chuiko A.N. Features of biomechanics in chil-
dren's dentistry. Russian dental magazine. 2014,;2:19-23.

Marepian Haaiviwos fo pegakuii 14.02.2019 p.



