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ABSTRACT

Weakening of the chewing act, typical for modern humans due to consumption of soft food, causes a deficit of chewing
load and has a negative effect on the dental system. To combat hypodynamia of the masticatory apparatus with the aim of
preventing destructive processes in its structures, a gnathotraining system was developed, including electrical stimulation
of the masticatory muscles themselves in physiological parameters, which develops the effect of “imaginary chewing”, and
gnathotraining using chewing gum. In addition, functional training of the masticatory apparatus using chewing exercises was
proposed. Considering that chewing gum practically does not compensate for the deficit of chewing load observed in modern
society, the staff of the Kazan State Medical University and the Kazan National Research Technological University developed
the “Denta Fit" dental trainer and a dental training system. It has been established that dental and jaw training stimulates
secretion of saliva, its mineralizing potential, functional resistance of tooth enamel, allows achieving a good level of oral
hygiene, reduces the rate of increase in the intensity of dental caries, as well as the severity of muscular-articular disorders of
the temporomandibular joints, enhances neuromuscular activity of the masticatory muscles and regional blood flow. In children
with permanent bite, dental and jaw training maintains the hydrogen index (pH) of oral fluid at a neutral level and provides, in
combination with a toothbrush, optimal hygienic dental care, contributes to the formation of a correct dental occlusion. Thus,
the effects of increased neuromuscular activity of the masticatory muscles, as well as regional vascular tone, arising during
dental and jaw training, indirectly indicate that the dental and jaw system receives adequate mechanical loads necessary for
the normal functioning of all its links. The results of the conducted studies indicate the effectiveness and feasibility of using
dental training to improve dental status, which serves as a new approach to the prevention and treatment of dental diseases.
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dddeKTUBHOCTD KOppeKLUKU AedULMUTa XKeBaTesIbHOU
Harpy3Ku B KIMHU4ECKOM CTOMATOJIOrM4YeCcKOM npaKTuke

C.C. Kcembaes!, A.K. Canaxos', I'.T. Caneesa', U.H. Mycun?, P.A. Canees’

THa3aHCKuin rocynapcTBeHHbIR MeaMUMHCKUA yHUBepCuTeT, T. KasaHb, Poccus;
2Ka3aHCKMIA HaLMOHATbHBIN UCCNe0BaTeSbCKNIA TEXHONOMMYECKMIA yHuBepeuTeT, T. KasaHb, Poccus

AHHOTALMA

OcnabneHue aKTa }eBaHUA, CBOICTBEHHOE COBPEMEHHOMY YesI0BEKY BCleACTBUE NOTPebNeHUs MATKOM NULLYM, BbI3bIBAET fe-
(UUNT JKeBaTeNbHOW Harpy3KM W OKa3bIBaeT HeraTMBHOE BNMAHWE Ha 3ybouentocTHyto cucteMy. [ina 6opbbbl ¢ runoguHamuert
)KeBaTeNIbHOro annapata C Lefbi NpoGUIaKTUKK AeCTPYKTVBHBLIX NPOLLECCOB B €ro CTPYKTypax bbiia paspaboTaHa cucteMa
THaTOTPEHWHTa, BKIIHOUABLLASA MEKTPOCTUMYNALMIO CODCTBEHHO }EBATENbHBIX MbILLIL, B (HM3MONOTMYECKUX NapaMeTpax, KoTopas
pa3BWBaET IPPEKT «MHUMOrO EBAHMS», U THATOLAMHAMOTPEHUHT C MOMOLLbH) eBaTeNIbHOM pe3uHKu. KpoMe Toro npeasioxeHa
(QYHKUMOHabHas TPEHUPOBKA XeBaTeNbHOrO annapata C MOMOLLbIO JKEBATESbHbIX YNpaXKHEHWN. YUuTbIBas, YT eBaTeNbHas
Pe3KHKa NpaKTUYECKM He BOCTIONHAET fedUUMT eBaTesbHOI| HarpysKu, HaboaaeMblil B COBpeMeHHOM 06LLecTBe, COTPYAHM-
Kamn KasaHcKoro rocyaapCcTBeHHOr0 MeAMLMHCKOTO yHUBepcuTeTa U KasaHCKOro HaumMoHanbHoro UccneoBaTesibCKoro TeXHO-
NOTMYECKOro YHUBepcuTeTa bbinn paspabotaHbl 3ybouentocTHoM TpeHaxep «[eHta Gut» 1 cucTeMa 3yboyentocTHOMo TPEHNH .
YcTaHOBREHO, YTO 3yO04ENHOCTHOWM TPEHUHT CTUMYNIUPYET CEKPELIMIO CIIOHbI, €€ MUHEPaNM3YIOLLMIA NOTeHUMan, GyHKLUMOHaNb-
HY0 PE3MCTEHTHOCTb 3Manu 3y00B, NO3BONAET AOCTMYb XOPOLLIETO YPOBHS MMIMEHBI pTa, CHUXAET NMoKa3aTeslb NPUpoCTa UHTEH-
CMBHOCTM Kapueca 3yboB, a TakXKe BbIpaXKeHHOCTb MbILIEYHO-CYCTAaBHbIX HapyLUEHU BUCOYHO-HUKHEYENHOCTHBIX CYCTaBOB,
YCUIMBAET HEMPOMBILLEYHYI0 aKTUBHOCTb XEBaTEe/bHbIX MBILULL U PErMOHapHbIA KPOBOTOK. Y [eTeil C MOCTOSHHBIM MPUKYCOM
3yb04enoCTHOM TPEHWUHT NOALEPHUBAET BOAOPOAHbIN NoKasatenb (pH) poToBoi XMAKOCTM Ha HeWTpanbHOM YpoBHeE W obe-
CreyMBaeT B KOMMJEKCE C 3yOHOM LLETKOWM ONTUMabHbIA TMIMEHMYECKMIA YXOA 3a 3y06aMu, cnocobcTeyeT GopMMpoBaHUIo Npa-
BWJIbHOIO 3ybHOr0 NpuKyca. TakuM 06pa3oM, BO3HWKatoLLMe Npy 3y604ENIOCTHOM TPeHWHre 3 EKTbI YCUNEHUA HEHPOMBILLEY-
HOM aKTMBHOCTM }KEBATE/bHbIX MbILLLL, @ TaKXKe PerMoHapHOro COCYAMCTOr0 TOHYCa, KOCBEHHO CBUAETENLCTBYIOT O MONyYeHUN
3y604enoCTHOM CUCTEMOIA aEKBATHBIX MEXaHUYECKMX Harpy30K, He0OX0AMMBIX 1 HOPManbHOIO GYHKLIMOHMPOBAHMS BCEX e€
3BeHbeB. Pe3ynbrathl NPoBeAEHHBIX UCCNIE0BaAHMIA CBUAETENLCTBYIOT 06 3 PEKTUBHOCTM U LienecoobpasHOCTM UCMOb30BaHUA
3y604eNCTHOTO TPEHWHIA ANS YyYLLIEHUS CTOMATONOrMYECKOro CTaTyca, YT CYXKUT HOBLIM MOAX0LOM K MPOGUIAKTUKE U Ne-
YEHW0 CTOMATONOTMYECKUX 3aboneBaHMi.

KnioueBble cnoBa: ctoMaTonorus; 3y604entocTHON TPEHUHT; 3y60YesoCTHbIE TPEHAXEPbI; PYHKLMOHANbHAA NPOdUIAKTHUKA.
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CLINICAL EXPERIENCES

Chewing contributes to the normal functioning of the dental
system, plaque removal from teeth, and saliva production.
Poor chewing has negative effects, especially on the perio-
dontium [1].

Additionally, eating soft foods does not remove food par-
ticles from teeth's surface. Heat processing, softening, and
crushing of food improves the taste of food and reduces time
for chewing and eating. Concentrated food reduces eating and
chewing time, time spent in the mouth, and stress on the den-
tal system. This gradually contributes to lazy chewing and de-
creases the load on the entire dental system. Lazy chewing
and concentrated food consumption significantly contribute
to the decreased natural self-cleaning ability of the human
mouth, which, along with sugar consumption, leads to tooth
decay [1, 2].

Study of the functional morphology of a human skull re-
vealed the main trend of its evolution: progressive size re-
duction of the chewing system, including the upper and lower
jaws and teeth. For example, the chewing surface of human
teeth has nearly halved over the past 100,000 years [1]. Addi-
tionally, changes in the way the third molars (wisdom teeth)
form, develop, and erupt are obvious, visible, and well-known
signs [1].

Jaw reduction has led to the fact that in the majority of
the general population, even immature third molars are un-
detected; in many cases, they form inside the jaw and do
not erupt [1]. When they do erupt, they are difficult to erupt
or should be removed owing to lack of space [1]. There-
fore, eventually, humans are predisposed to complete loss
of the third molars, which is one of the main consequences
of dental system reduction [1].

In addition to microbial factors, local hemodynamic and
tissue perfusion abnormalities are believed to be crucial
in the pathogenesis of periodontal and dental diseases [2].
They are pathogenetically triggered by functional changes in
the periodontal vessels due to decreased masticatory load,
which leads to tissue hypoxia [3].

Masticatory load is the main functional load applied to
periodontal tissues, resulting in functional hyperemia. The re-
sponse of the periodontal vasculature to masticatory load de-
pends on the use of available functional reserves and status
of blood flow regulation [2, 3].

Moreover, the mechanical factor of masticatory load in-
creases the mineralization level of the hard tissues of the in-
tact masticatory teeth and decayed teeth, which can be used
to prevent dental decay when employing the optimal additio-
nal masticatory load [4].

A gnathotraining system guided by functional diagnostic
techniques was developed to hinder hypodynamia of the mas-
ticatory apparatus to prevent destructive processes in its
structures [5]. It includes electrical stimulation of the mas-
seter muscles for physiological parameters mimicking a che-
wing effect and gnathodynamic training using chewing gum.
Electrical stimulation is used in cases of significant chewing
dysfunction.
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A study by Park et al. showed that neuromuscular elec-
trical stimulation synchronized with chewing exercises is
more effective in increasing biting force and masseter mus-
cle thickness [6]. Functional training improves chewing in pa-
tients with mandibular prognathism [7].

It was found that jaw exercises are an effective treatment
and are recommended for patients with temporomandibular
joint (TMJ) pain and jaw dysfunction [8, 9].

A systematic review revealed the beneficial effect of
exercise in treating myogenic and arthrogenic TMJ dysfunc-
tion. Notably, active and passive oral exercises may be effec-
tive in reducing musculoskeletal pain and improving oromo-
tor function [10].

Considering the fact that chewing gum does not com-
pensate the deficit of masticatory load in modern society,
so-called gnatotraining (use of chewing gum) by NK Logino-
va was developed in 2000 by authors from the Kazan State
Medical University headed by Professor SS Ksembaev, which
was joined in 2008 by the Department of Medical Enginee-
ring of the Kazan National Research Technological Universi-
ty headed by Associate Professor IN Musin [11]. The result of
this joint work was a Russian Denta Fit dental trainer, which
was then scaled up for industrial production [12].

The dental jaw trainer was developed using IR-21 silicone
rubber and manufactured at the Department of Chemistry and
Technology of Elastomer Processing of the Kazan National
Research Technological University [13].

The potential of including dental and jaw training in a pro-
gram of treatment and preventive measures has been de-
monstrated, which allows to improve dental status and in turn
prevent dental decay and periodontal diseases and form an
appropriate dental occlusion in children [13].

The use of the dental trainer increased the neuromuscu-
lar activity of the masseter muscles and improved regional
blood flow (i.e., increased linear velocity of blood flow and
decreased resistance coefficients). The stimulating effect of
dental and jaw training on the rate of saliva secretion and its
mineralizing potential and the functional resistance of tooth
enamel have been demonstrated. Regular use of the dental
trainer was shown to decrease the rate of decay progres-
sion [14].

The stimulating effects of dental and jaw training on
the functional status of the salivary glands and periodontal
microvascular network were a relevant increase in the sali-
vary flow rate, a decrease in the total white blood cell (WBC)
count, and an increase in the live WBC count in oral fluid.
During the rehabilitation period, dental and jaw training com-
bined with toothbrushing improved personal oral hygiene in
patients [15].

Mathematical modeling of the hydrodynamic effect con-
firmed the effectiveness of using a dental trainer to clean
the vestibular, palatal, lingual, and buccal surfaces of teeth.
Study of the effects of dental training on the composition
and properties of the oral fluid revealed no abnormalities in
the periodontium. This indicated that dental training does not
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activate the prooxidant system, which prevents an abnormal
reaction resulting in degenerative lesions and periodontium
destruction [16].

The need for myofunctional disorder treatment in combi-
nation with orthodontic treatment is well established. The au-
thors noted that treating myofunctional disorders with appro-
priate loading during exercise may reduce treatment time for
dentoalveolar anomalies [17].

The effectiveness of this approach has been confirmed
in patients with mandibular fractures. Dentoalveolar training
improved severity of muscular and articular TMJ disorders
(using the short Hamburg test), bringing the parameters of
the main group almost to the functional norm, compared to
those of the control group, which remained at risk. Therefore,
adding dental and jaw training to a rehabilitation program for
mandibular fractures was found to reduce associated muscu-
loskeletal disorders [18].

Dental and jaw training in children with permanent oc-
clusion induces a stimulating effect on the salivary secretion
rate, maintains the hydrogen index (pH) of the oral fluid at
a neutral level, and, in combination with toothbrushing, pro-
vides optimal dental hygiene [13].

New challenges stimulate improvement of the dental
trainer. For example, devices for treating myofunctional dis-
orders of the dental system [19] and TMJ dysfunction [20] as-
sociated with adverse changes in masseter muscle function
have been developed.
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Studies confirmed the effectiveness and feasibility of
using dental trainers to improve dental health as a new ap-
proach for the prevention and treatment of dental disease.

The effects of increased neuromuscular activity of
the masseter muscles and regional vascular tone indirectly
indicate that the dental system receives adequate mechanical
load for the normal functioning of all its elements.
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