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Abstract. In this article, the influence of masticatory loads on shape and structure of
different parts of the dentofacial system is analyzed. Special attention is given to
consideration of the temporomandibular and intermaxillary units, their formation and
interaction.

Key words: adaptation, mastication, dentofacial system, tooth, temporomandibular joint

Mastication is an executive act of conditioned and unconditioned reflexes representing
coordination of contraction of the masticatory, mimic and tongue muscles. Activation of the
masticatory system is accompanied by changes of biomechanical homeostasis, and it is
determined by alternations of positional relationship of jaw-bones, transformation of chemical
energy into mechanical one, changes of plasticity, elasticity, power of the retractive
actomyosin complex of their sarcoplasmic reticulum. It excites sensory endings of V, VII, IX,
X cranial nerves, activates nuclei of stem and suprastem structures — generators of action
potentials which set going the dentofacial system in the functional mode at the molecular
level and modify mode of reflex regulation of the dentofacial system at the stem and cortical
levels. Contraction of the masticatory muscles sets the mandible in motion about the maxilla,
food is situated within the dental arches and is bitten, broken to pieces. Being cloddy formed,
a food lump moves due to tongue muscles in the direction of the back palatopharyngeal seal
and then the gullet.

The temporomandibular joint plays an active role in mastication. This complicated
multicomponent musculoarticular unit provides for occlusion and mandibular movements in
different directions. The originality of this articulation as compared with the other joints lies
in the fact that both temporomandibular joints function simultaneously and hence
“mechanically present the unified combined articulation” [7].

Deep clinical study of processes of the temporomandibular joint formation taking into
account age features of child's organism confirms modeling effect of mastication on joint's
anatomical shape, its conjugation with state of articulating correlation between dental arches
(the intermaxillary unit) all through his life and it is the proof of existence of dialectical causal
relationship between shape and function in biological systems and inter alia in the dentofacial
system.

The cogent argument is increasing growth of child's spongy bone due to mastication in
a period from 6 months to 3 years and further enlargement of jaw-bones in a period from 3
years to 9 years.
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Fig. 1. The articular cavity and articular tubercle of a) a new-born child; b) a fifteen-month-old child;
C) an eighteen-year-old youth [6].

By 13-15 years, there are the marked changes in compact bone, its volume multiplies
up 2-3 times. Activity and intensity of growth processes are extremely higher during dentition

[4].

One of the features of structural changes in the face bones under masticatory loads is
formation of thickening bone tissues (counterforts). They arise in the zones of high
mechanical stresses and constitute support-retentive frame whose construction skeletonizes
pneumatizated thin-walled bones and hence provides masticatory load transformation.

A. Kats studied architectonics of the human mandible and arrived at a conclusion that
bone tissue is distributed subject to direction of work of the jaw-bones [2, 3]. Mandible's
spongy bone structure is anisotropic in concordance with masticatory stress direction.

Mechanical factor greatly influences on eruption and formation of dental arches [6].

It is generally known that a new-born child has no very important element of the
temporomandibular joint - the articular tubercle. Formation of the articular tubercle begins
due to mechanical loads originating in process of suction and quickens with deciduous
dentition and especially with rise of occlusal height (Fig. 1).

It should be noted that conjugation between processes of formation of the
temporomandibular joints and articulation ratio of the dental arches stimulates formation of
all parts and elements of the joint during all human being's life long. In particular, jaw-bones
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Fig. 2. Relationship between the contact surface formed by the posterior teeth and articular tubercle of
the temporal bone [1].

Fig. 3. A schematic sketch of inclination of the incisors' (SS) and molars' (HH) crowns and articular
tubercle of the temporal bone to the horizontal plane [1].
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Fig. 4. Bite (the cheek side):
1 - dentes incisius; 2 - dens canicus; 3 - dentes praemolares; 4 - dentes molares.
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Fig. 5. 1 -trigeminal ganglion; 2 —the third branch of trigeminal ganglion; 3 —mandibular nerve;

4 —lingual nerve; 5-buccal nerve; 6-neurovascular fascicle; 7 —mandibular  foramen;

8 —coronoid process of mandible; 9-condylar process; 10— medial pterygoid muscle;

11 — mandibular canal with fascicle; 12 — molars; 13 —submandibular lymph nodes; 14 — external
carotid artery; 15 — internal jugular vein [5].

contacting due to lost teeth undone their stabilizing function and so the articular head of the
mandible may begin movements back from the articular tubercle. It results in increasing
pressure on a thin plate which separates joint and cranium cavity.

As far back as the 19th century, A. Anichkin wrote about interdependent alternations
in organism's parts, in particular “lack of teeth or a habit to masticate by only one side results
in condylus's shape changes” [1].

Schroder noted that the contact surface produced by osculant teeth intersects the back
part of the articular tubercle (Fig. 2) and that in occlusion (when dental arches are close) the
cutting edges of the lower incisors are set against the palatine surfaces of the upper incisors
(Fig. 3).

Conjugation and coordination of functions of both frame units (temporomandibular
and intermaxillary units) provide static contact of dental tubercles with the corresponding
intertubercular sulci of the antagonists, the lingual tubercles of the upper molars locating
between intertubercular sulci of the lower ones and cheek tubercles of the upper molars
hanging over these of the lower molars. Filigree anatomic shape ensures intersection of axes
of respective teeth strictly in the centerline (Fig. 4).
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A human temporomandibular joint has some features in comparison with these of
other mammals. It is connected with special location of attachment of some muscles and with
structure of the joint itself. For example, the back side of the human articular cavity is
concave like those of predatory animal's one, anterior side is convex like ruminant animal's
one, the zone between these sides corresponds planar clivus like rodent's one [1]. Such
anatomical shape of the articular cavity expands dynamical possibilities and provides for
variety of mandibular movements necessary for mastication.

It should be pointed out on generality of ways for fluid movement, i.e. on systems of
blood and lymphatic vessels. Similar statement may be pronounced about innervation of the
temporomandibular joints and dentoalveolar zones (Fig.5), i.e. there is generality of
craniocerebral innervation which is provided for the central nervous system and divergent
centers (trigeminal, facial, hypoglossal, vagus nerves).

So, the initial stage of mechanical treatment of food which is necessary to satisfy the
human organism's requirements is executed by mastication, i.e. an executive act of
conditioned and unconditioned reflexes.

Clinicoanatomotopographical peculiarities of the dentofacial system's structure and
function allow considering this polymodal complex as function-adaptive biomechanical
system of interconnected tissues. Special attention must be given to role of mechanical
pressure increase in eruption and formation of milk and permanent occlusions. Moreover,
mechanical factor generates growth processes in the face bones and models anatomical shape
and structure of bone tissues.

Thus, it was proved both anatomical and functional direct coupling and feedback
between temporomandibular and intermaxillary units, and the state of the dental arches is very
essential. The mechanisms of interaction of these units must be considered both in their
equilibrium (in statics) and in their functioning, i.e. during mastication (in dynamics) taking
into consideration age anatomical and functional features of these units.
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AOANTALMUA 3YBOYENOCTHOU CUCTEMbI YEJTOBEKA
K ASMEHAIOLWUMCA XXEBATEJIbHbIM YCUINTUAM

E.10. CumaHoBckas, M.®. bonotoBa, KO.U. HawuH, M.KO. HawwuH (Mepmb, Poccus)

XeBanne — WCHOJHUTENBHBIM aKT OE3YCIOBHBIX M YCIOBHBIX pe(IIeKcoB,
MPEJICTABISAIONINX COOON KOOPIWHAIIMIO COKpAIlEHUsl >KEBATENbHBIX MBI, MHUMHYECKON
MyCKyJaTypel W MBI  sA3bIka. [Ipomecc  akTUBamuM  JKE€BAaTEIbHOIO  ammapara
COIPOBOXAAETCS M3MEHEHUSIMU OMOMEXaHUYECKOTO FOMEOCTas3a, YTO OOYCIOBJIEHO CMEHOM
MIOJIOKEHHSI YETIOCTEH COOTHOCUTENBHO IPYT ApyTra, TpaHchopManueld XUMHYECKONW SHEPTHH
B MEXaHUYECKYI0, W3MEHEHHEeM IUIACTUYHOCTH, YIPYrocTH, pPadOThl, MOIIHOCTH,
COKPAaTUTEJIIBHOIO aKTO-MHUO3MHOBOI'O KOMIIJIEKCA MX CapKOIUIa3MaTHUYECKOrO0 PETUKYIIIOMA,
4yTO BO30YXmaeT uyBcTBHTENbHBIC OKOHYaHUS V, VI, IX, X yepenHbix HEpBOB, aKTUBUPYET
g]lpa CTBOJIOBBIX M CYIPACTBOJOBBIX CTPYKTYyp-T€HEpaTOpPOB NOTEHLMAJIOB JEMCTBHUS,
3aIyCKaloIUX JKEeBATEIbHYIO CUCTEMY B (DYHKIIMOHAIBHBIN PEKUM HA MOJIEKYISIPHOM YPOBHE
¥ M3MEHSIOUINX PEXUM pe(IIEKTOPHON PETryISALUHU JKEBATEIHHOTO aIapara Ha CTBOJIOBOM U
KOPKOBOM ypoBHsX. COKpallleHHe >KEeBaTeIIbHOW MYCKYJaTypbl HPUBOAUT B JBUYKEHUE
HIDKHIOIO YeJIIOCTh, IEepeMellasl €€ OTHOCUTENbHO HEMOJBHUKHOW BEpPXHEW 4YEeNoCTH, MpuU
3TOM MHUIIA JAUCIOLUPYETCS B MPOCTPAHCTBO MEXKIY 3yOHBIMU pSAaMH U B 3aBUCHMOCTH OT
TOr0, Ha KaKyl TPYIIy 3yOOB OHAa IOMAJET, NMPOMCXOAUT €€ OTKYChIBaHHE, ApPOOJIEeHHE,
pasManbiBanue. OOpeTas KOMKOOOpa3Hyl (opMmy, NMPU aKTUBHOM YYAaCTUHU MYCKYJIaTyphl
A3bIKA, MMAIIEBON KOMOK IEPEMENIAeTCsl B HAIPABJICHUU 33JHET0 HEOHO-TIIOTOYHOTO 3aTBOpa
U Jjajee B III0TKY.

AKTHBHOE ydYacThe B BBINOJHEHUH (YHKIUU >KEBAaHHUS MPUHAIICKUT BHUCOYHO-
HUKHEUETIOCTHOMY CYCTaBY KaK CaMOCTOSITEIbHOMY U YHUKaJIbHO MOCTPOCHHOMY OJIOKY, TaK
U B acIleKTe €ro B3auMOJICHCTBHS C 3y00aIbBEOSIPHBIM COWICHEHUEM, HOO CKEJET JINIIEBOTO
yeperna B KaX/blii MOMEHT BPEMEHHU sIBIsieTCS PYHKIMEH COCTOsSHUSA 3yOHBIX Myr. BucouHo-
HUKHEUYEIOCTHOM CYCTaB — CIJIOKHBIM MHOTOKOMIIOHEHTHBIN MBIIIEYHO-CYCTaBHOW 33 HUN
KapKacHBIM OJI0K, 00ecreurBarONINi B dKEBATEIBHON CUCTEME YeNIOBEKa pa3HOHANpaBICHHbIE
NepeMeIIeHs] HIKHEW YeTIOCTH, NPUBOJAS IPU 3TOM B CONPUKOCHOBEHHE 3YOHBIE DSJIBI
BEpXHEH M HIKHEW 4YeNIIOCTed. YHMKaIbHOCTh 3TOIO COUYIEHEHHUs, B OTIMYHE OT JAPYTUX
CyCTaBOB B TOM, 4YTO o00a BHCOYHO-HI)KHEUETIOCTHBIX CyCTaBa (YHKIHOHHUPYIOT
OJIHOBPEMEHHO, 4, CJEAO0BATENbHO, TPEICTAaBIAIOT B MEXAHMYECKOM CMBICIE OJHO
KOMOWHUPOBAaHHOE COUJICHEHHE.

YrnyOneHHOe KIMHUYECKOEe H3y4deHHe TpoleccoB (OpMHUPOBAaHUS BHCOYHO-
HIDKHEYETIOCTHOTO CYyCTaBa C YYETOM BO3PACTHBIX OCOOCHHOCTEH JIETCKOTO OpraHu3Ma,
MOATBEPXKIAET HE TOJBKO MOJEIUPYIOIIEE BIUSHHE JKEBATEIbHONM HAarpy3ku Ha
aHATOMHYECKYIO (hOpMY CYCTaBa, HO M €€ CONMPSIKEHHOCTh C COCTOSTHUEM apTHKYIISIIMOHHBIX
COOTHOIIEHUI MeXIy 3yOHBIMH pSIaMH BEpXHEH U HIDKHEW 4YellocTed — TepeTHUM
KapKacHBIM 3y0OabBEOJIIPHBIM OJIOKOM, KaK B TEPHOJA MOJIOYHOTO, TaK U MOCTOSTHHOTO
MPUKYCa, YTO SIBJISETCS JOKA3aTeIbCTBOM HAJIMYMs UAJTEKTHYECKOM B3aMMOCBSA3U MEXKIY
¢dopmoit 1 PpyHKIHEH B OMOIOTHYECKUX CHUCTEMAX, U B YaCTHOCTH, B )KE€BATEIILHOM armapare.

HaGmroaercss ycuiieHue TMpoleccoB pocTa ry04yaToro BeliecTBa y peOeHKa B
BO3PAaCTHOM TMepuoa OT 6 MecsleB 10 3 JIeT MOJA BIMSHUEM aKTa >KEBaHHs, a TakKxke
MOCJIEIYIOIIEE 3aMETHOE YBEJIMUEHUE Pa3MEPOB YETIOCTHBIX KOCTEH, B BO3pacTe ot 3 10 9 ner
W HapacTaHWe CTPOHHOCTH CTPYKTyphl TyOuaroro BemectBa. K 13-15 romam 3ameTHBIMU
CTaHOBATCA M3MEHEHHUS KOMIAKTHOTO BEIIeCTBAa, 00bEM KOTOPOro BoO3pacTaeT B 2-3 pasa.
AKTHBHOCTh M MHTEHCHBHOCTb POCTOBBIX IIPOILIECCOB OCOOEHHO YCHJIMBAETCS B TEPHOMIBI
MpOpe3bIBaHMs 3y00B.
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JlanHbIe TUTEpaTyphl MOATBEPKIAIOT 3HAYUMOCTh OMOMEXaHUYECKUX BO3/ICUCTBUN Ha
MpOLECcChl pocTa U (POPMHUPOBAHUS YENIOCTHBIX KOCTEH, U B YACTHOCTH, (PU3HOIOTHUECKOTO
aKTa TMpope3bIBaHUS 3yOOB W CTAaHOBIEHHE 3YOHBIX pSAIOB, OTpaXkas OIHOBPEMEHHO
B3aMMO3aBHCHUMOCTh MEXIy OSTUMH (PaKTOpaMU OHTOTeHe3a, OOYCIOBIMBAIOIIMMU POCT
KOCTHBIX 00pa30BaHMii 1 OCOOCHHOCTH UX apXUTEKTOHHKH.

Y HOBOPOXAECHHOTO peOEHKa OTCYTCTBYET OY€Hb BAXKHBIH OJJIEMEHT BHCOYHO-
HIDKHEYETFOCTHOTO CyCTaBa — cCycTaBHOW Oyropok. dopMupoBaHHE CYyCTaBHOTO Oyropka
HAUYMHAETCS TMOJ1 BIMSHUEM Harpy3kH, BOSHUKAIOIIEH B MPOIECCE aKTa COCAHUs, YCUITUBACTCS
NapajuleJIbHO C IPOPE3bIBAHUEM MOJIOUYHBIX 3yOOB M, OCOOEHHO C TMOJBEMOM BBICOTHI
npuKyca, T.€. MO/ BIMSHUEM aKTa >KeBaHUs, YTO CIOCOOCTBYET 3aBEpIICHUIO (POPMHUPOBAHUS
CYCTaBHOTO OYTrOpKa TOJBKO K 6 - 7 JIeTHEMY BO3pacTy peOeHKa.

B cnenuanbHO#l nuTepaType, OTpaxkaromied BOMPOCHI aHATOMHUHU, THUCTOJOTHUH,
SMOPHOJIOTHN TIOJIOCTH pTa M 3yOOB, oOpamiaercss BHUMaHHE Ha OCOOCHHOCTH CTPOCHHS
BHCOYHO-HIKHEUENIOCTHOTO CyCTaBa «y 4YeJNOBeKa, B OTIWYHE OT CTPOCHHUSA JPYTUxX
MJIEKONIUTAIOIINX, YTO, 110 MHEHHUIO aBTOPOB, CBSA3aHO KaK C pAaclOJOXKEHUEM TOYeK
MPUKPETTICHUST OTAEIbHBIX TPYII MBI K HUKHEH YeTIOCTH, TaK U CO CTPOCHHUEM CaMOro
CyCTaBa, ¥ B YaCTHOCTH, Yy YeJIOBEKa CyCTaBHas SIMKa B 33JHEH 4acTH BOTHYTa Harmomooue
CyCTaBHOM SIMKH XWIIHHKA, B TepeaHeidl uactm Beimykma (tuberculum articulare), kak
CyCTaBHasl MOBEPXHOCTh Yy KBAYHBIX, U MEXJY NEpPEeIHEeH M 3aJHEd YacThIO MPEJCTABISET
MJIOCKUH CKaT HarojoOue CycTaBHOW siMKHM Tphi3yHOB» (B. BopoObeB, I'. SIcBomn, 1936),
ABTOpBI CUMTAIOT, YTO TaKO€ AaHAaTOMUYECKOE CTPOECHHUE CYCTaBHOM SIMKM BHCOYHO-
HUPKHEUETIOCTHOTO CyCTaBa pacuIupseT TUHAMHUYECKHE BO3MOXKHOCTH M OOecreunBaeT
pa3zHooOpa3ue JBUKEHUM HI)KHEW 4eTI0CTH, He0OXOIUMBIE /ISl COBEPILEHUS CII0KHOTO aKTa
JKEBAHUSI.

AHamm3upyss  (aKTOpbl COMPSDKEHHOCTH W CHHXPOHHOCTH (DYHKIIMH BHCOYHO-
HUYKHEUETIOCTHOTO CyCTaBa U 3y00aibBEOISIPHOTO COUJICHEHHUS], CTIeAyeT OOpaTUTh BHUMaHUE
Ha OOIIHOCTH MyTeH, MPOBOASIINX >KUIAKOCTH U pa3zlpakeHus, T.e. Ha KPOBOOOpalleHHE,
cucTeMy JTUM(AaTHYECKHX CBS3ed M MHHEPBAIMIO BHCOYHO-HW)KHEUETIOCTHOTO CYCTaBa W
3y00aJIbBEONIIPHOTO COYICHEHHUS, T.€. €AMHCTBO UYEPENHO-MO3TOBOM MHHEpBALlMU, KOTOpas
obecrieunBaercss [IHC wu, B YacTHOCTH, OTXOASIIMMH OT €€ IEHTPOB: TPOWHUYHOTO,
JIUIEBOTO, MOABS3BIYHOTO U OTYACTH OJTyKIalolero yepenHsix HepBoB (Puc. 5).

TakuM 00pa3oM, cpear MHOTOYHMCICHHBIX (DYHKIIMN, BBITOJHIEMBIX KEBATEIHHBIM
anmapaToM — HadaJbHBINA Tan MeXaHU4eCKoi 00pabOTKU MUIIH, HEOOXOJUMON YeTTOBEKY IS
YIIOBJIETBOPEHUS SHEPreTUUECKUX notTpeOHOCTeH OpraHusma, obecrieunBaeTcs
UCIIOJTHUTENIbHBIM aKTOM O€3yCIIOBHBIX U YCJIOBHBIX MHUIIEBBIX PEPIEKCOB — >KEBAHHEM.
Knunuko-anaromoromnorpadgudeckiue OCOOCHHOCTH CTPYKTYpHl M (DYHKIMH KEBAaTEIbHOTO
anmapara ¢ y4eTOM BO3PAaCTHBIX OCOOEHHOCTEMW, MO3BOJSIOT pacCMATPUBATH 3TOT CIOXKHBIN
NOJMMOJATBHBI  KOMIUIEKC KakK (DYHKIIMOHAIBHO-TIPUCIIOCOOUTENEHYIO MHOTOOJIIOUHYIO
OMOMEXaHHUYECKYIO CUCTEMY CHeHalIN3UPOBAaHHBIX TKaHEBbIX o0Opa3oBaHmii,
B3aMMOCBSI3aHHBIX MEX]y cO00# reHeTHYecKH, aHaTOMU4ecKd U (QyHKIHOHAIBEHO. Ocoboro
BHUMAaHUs 3aCIIy’)KMBAeT BOMPOC O POJU YCHIIEHHUS MPOIECCOB JaBIEHUS, MPOUCXOIALIINX B
COOTBETCTBUU C 3aKOHAMH MEXaHUKH, B TIEPHOIBI TPOPE3LIBAHUS 3y00B M ()OPMUPOBAHUS KaK
MOJIOYHOTO, TaK U IOCTOSHHOTO MpUKyca W JEUCTBYIONIMX HE TOJBKO KaK TeHepaTopa
POCTOBBIX IPOLIECCOB B KOCTSIX JIMIIEBOIO CKEJETa, HO M KaK KOMIIOHEHTAa, MOJEIHUPYIOIIEro
aHATOMUYECKYI0 OpPMY U CTPYKTYpPY KOCTHBIX TKaHel. buou. 7.

KnroueBple croBa: ajanTanus, >KeBaHUE, 3YyOOUENIOCTHAas cHUcTeMa, 3y0, BHCOYHO-
HUKHEYEIIFOCTHOM CYCTaB
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