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Abstract: The masticatory apparatus of a modern man generated as a result of the
prolonged process of the phylogenesis is a complicated system. This system participates
in an initial stage of receiving and treatment of food, forming of a food lump, its movement
from the oral cavity to the throat and then to the esophagus. Clinical, topographic and
morphologic studies of the masticatory apparatus allow distinguishing two principal frame
units 1) the osteomuscular unit arranged about the temperomandibular joints; 2) the
dentoalveolar unit joined the upper and lower teeth. Clinical studies of deterioration of
masticatory apparatus functions allow distinguishing three disturbance stages, namely
the compensated, subcompensated and decompensated ones. The objective
assessment of heaviness degree of deterioration of the masticatory apparatus function
can be realized by biomechanical modeling for every unit. An analysis of force factors
(directions and magnitudes of forces and moments) allow receiving the objective criteria
for choice of the optimal treatment method for every patient, choice of prostheses,
implants and other orthopedic appliances, etc. In this paper, the elements (enamel,
periodontal ligament, temporomandibular joint, etc.) of the masticatory apparatus units
are analyzed in the connection with their ability to carry and transfer a force load. It is the
authors’ opinion that a complex consideration of the masticatory apparatus as an adapted
biomechanical system enables us to study more closely the normal and pathological
behavior of the different elements of the units. At present the specialists on biomechanics
in Perm State Technical University and Perm State Medical Academy are engaged in
scientific work on mathematical modeling of the discussed biomechanical system
elements and interactions of these elements (periodontal ligament as a two-phase solid-
liquid medium, congenital clefts of the hard palate and the lips and their treatment,
optimal design of dental prostheses and implants, operation of maxillary sinusotomy,
traumas of the dentofacial system, etc.).
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The necessity of adaptation of tissues and organs to environmental changes is a generator of
changes in anatomical form of the masticatory apparatus in the process of the phylogenetic
development of living organisms (cartilaginous fishes, osteocartilaginous fishes, amphibians,
reptiles, mammals) [1].

Changes of anatomical architectonics of the masticatory apparatus depend on a kind of
food, its treatment and assimilation. That is why the perfection of the masticatory apparatus in
the process of organism evolution is a dominating factor dependent on the conditions of food
receiving, mechanisms of its physico-chemical treatment and evacuation from the oral cavity
to the esophagus. Here dialectical appropriateness of the relationship “form - consequence of
function” becomes apparent [12]. The transformations are expressed in anatomical forms of
bone, cartilage and muscular structures of the cerebral and visceral cranium. The doctrine on
physiological links and reflexes of the masticatory apparatus is a basic theoretical postulate in
physiological investigations [11].
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The masticatory apparatus of a modern man is a complicated multiunit system
ensuring an initial stage of receiving and treatment of food, forming of a food lump, its
movement from the oral cavity to the throat and then to the esophagus. The mastication
mechanism involves the combination of the unconditioned and conditioned reflexes of
different degree of complexity. Osteomuscular links of the masticatory apparatus take part in
the masticatory regulation.

Clinical, topographic and morphological studies of the masticatory apparatus allow
distinguishing two principal frame units: 1) the osteomuscular unit arranged within the
temporomandibular joint, 2) the dentoalveolar unit joined the upper and lower teeth (Fig. 1).

For scientific and practical stomatology, information on objective function of these
units and force magnitudes in different links of the masticatory apparatus is very important.

This question has a special interest in connection with diseases and injuries of the
dentofacial system. These anomalies have the congenital genesis as well as appear in the
process of organism vital activity. They are accompanied by local and generalized
deformations of tissues and organs. It causes deterioration of process of force load
transformation, appearance of overloading and underloading zones and as a result progressive
dysfunction of the system as a whole.

Clinical study of deterioration of the masticatory apparatus function allows
distinguishing three stages.

1. Compensated stage: defects of the enamel and the dentine (caries, hypoplasia,
aplasia); anomalies of form and quantity of the teeth and their disposition in the dental arch;
unreplaced single defects of the dental arch; etc.

2. Subcompensated stage: unreplaced plural defects of the dental arch; sagittal,
vertical and transversal malocclusion; chronic arthritis; dysartrosis of the temperomandibular
joint; extra-articular contracture; tumor formations.

3. Decompensated stage: absence of all teeth; atrophy of the alveolar process; defects
of the alveolar process, the maxilla and the mandible; ankylosis of the temporomandibular
joint; congenital cleft of the upper lip, the alveolar process, the soft and hard palates; jaw
neoplasm.

Fig. 1. Scheme of disposition of frame units of facial sceleton.
I. Osteomuscular unit in the region of temperomandibular articulation

1. Head of joint process. 2. Articular disc.
3. Articular fossa. 4. Articular tubercle.
5. Zygomatic arch. 6. Coronal process.
I1. Multiunit dentoalveolar unit joined dental arches of the maxilla and mandible.
7. Dental arch. 8. Alveolar process.
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Fig. 2. Cranium in disassembled form.

An objective assessment of heaviness degree of deterioration of the masticatory
apparatus can be accomplished by mathematical modeling for every unit. The changes of
force factors (direction, magnitude, velocity of change) are objective criteria for choice of
correction time, appliances, prostheses, etc.

The data obtained by this method have many advantages over clinical and
physiological methods of the masticatory apparatus assessment which are used at present
(physiological masticatory test, masticatiography, gnathodynamometry, myography) [7, 8,
11]. Biomechanical methods are more objective, informative and mathematically justified.

The study of mechanism of force load transformation which arises in mastication
process shows the presence of the adapto-compensating system. This system coordinates
force action and by this means prevents from deterioration of dental and bone tissues of the
visceral and cerebral cranium.
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The supporting sections of the masticatory
apparatus carry and transform a functional load.
They include dental arches and numerous bones of
the wvisceral cranium and have anatomical
peculiarities. For example, the bones of the visceral
and cerebral cranium, exclusive of the mandible, are
connected between themselves by syndesmosises. By
them the ends of connective fibers grow into the
bones, connecting them between themselves (18
bones of the visceral cranium, 32 dentoalveolar
articulations, 2 temporomandibular joints, 7 bones of
the cerebral cranium) (Fig. 2).

In mastication process, the force load is
initially carried by teeth. Note that their anatomical
form and structure are unique in the organism. The
enamel has the highest hardness which ranges up to
about 400 kg/mm? [11]. The enamel thickness is
variable from 0.01 mm near the dental neck to 3.5
mm near the masticatory surface in the tubera area.
In paper [3], the histoarchitectonics of the enamel Fig. 3. Scheme of disposition of a tooth in
was mve_stlga_te.d and peculiarities of the enamel the C'avity, its structure, fixation system
prisms disposition were found. It was the authors’ and directions of force load under
opinion that the general appropriateness is a S- mastication.
shaped prism bend with formation of different angles
in relation to the enamel surface. The magnitudes of these angles are distinct in different parts
of the dental crown and in different dental integration. For example, the incisors have gradual
change of inclination angle of the enamel prisms from the horizontal direction in the neck
zone to 257-287? near the equator and close to the cutting edge this angle is right. The canines
have almost identical appropriateness: near the neck the prisms are disposed radially, near the
equator the enamel prisms angle with the horizontal plane is 45?-507?, at the cutting edge the
prisms bundles are almost vertical.

The molar teeth in contrast to the incisors and the canines have the masticatory surface
with increased twisting of the prism bundles. The formation of curls, especially in zones of
the prism knolls, resembles a disposition of a crushed grass with a sharp deviation aside. The
mentioned data show the causal and effective relationship between tooth architectonics and
functional load. This relationship verifies the dependence of the enamel structure on a load.

The periodontal ligament is a dense connective tissue that surrounds the root of the
tooth and attaches it to the alveolar bone. The periodontal ligament plays a broad spectrum of
functions. The primary functions are providing tooth support and blood supply. It was
experimentally shown [6, 17] that there are the ways for fluid movement in the periodontal
ligament and that the periodontal ligament fluid may flow under pressure. The periodontal
ligament fluid flow and its effect on load amortization was theoretically investigated in [18].
The influence of the periodontal ligament on the adapto-compensating process of the
orthodontic tooth movement was biomechanically studied in [16].

The process of transformation of masticatory pressure spreads to the tooth root
system. It can be justifies by anatomical form, sizes, number and geometrical disposition of
teeth roots (Fig. 4). The examples of active participation of bone tissues in the processes of
force unloading are intumescence of cortical layer (counterfort) in the maxilla and formation
of spongy substance consolidation zones in the mandible. These zones are situated according
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Fig. 4. Interrelation of permanent teeth of the maxilla and the mandible: form, quantity, root geometry in
dependence of their load.

Fig. 5. Disposition of force loads arising in process of mastication and their transformation.

to the lines of the maximal force load. The justification of this fact is the absence of it in
the children’s jawbone structure.

The force load weakened by successively situated amortizing structures of the
mandible is distributed in the direction to the temporomandibular joint. Here the interarticular
disc takes the amortizing function upon itself. It prevents a thin bone plate of the temporal
bone from deterioration. This bone separates the joint cavities and the cerebral cranium. In the
maxilla the load reduction occurs with the participation of the symmetrically situated
counterforts. The frontonasal counterfort balances the forces developed by the canines, the
zyromatic counterfort does the forces developed by the masticatory teeth, the pterygopalatine
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Fig. 6. Scheme of disposition of auxiliary units of masticatory apparatus.
I. Anterior vestibular apparatus.

1. Upper lip. 2. Lower lip.
3. Entrance to the mouth. 4. Teeth and alveolar process.
5. Oral cavity. 6. Hard palate.
7. Tongue.
. Posterior palatopharyngeal lock.
8. Soft palate. 9. Root of the tongue.
10. Epiglottis. 11. Trachea.

12. Esophagus.

counterfort does the forces developed by the posterior teeth. The palatal counterfort balances
the forces acting in the transversal direction.

The correlated, successively situated, coordinating mechanisms of the masticatory
apparatus ensure smooth slackening of a load and its attenuation within the dentofacial system
(Fig. 5).

Any pathological process of both congenital character and connected with disease or
injury arising at any age can disturb functioning links of the specialized system. It results in
dysfunction of mastication and facial skeleton deformation of different heaviness degree.
From this viewpoint it is important to elucidate the causes of these pathologies using
biomechanical modeling.

The biomechanical investigation of behavior of the children’s hard palate bone
structures with congenital cleft was conducted in [13, 14]. The author created the
mathematical model of complicated biomechanical system: disconnected palate fragments -
orthopedic apparatus. As a first approximation, the palate bone process was considered as a
homogeneous growing cantilever loaded by an apparatus force. The algorithms to determine
parameters of growth of the palate fragments were proposed and the optimal force to prevent
fragments displacement from the nasal cavity to the oral cavity was found.

The biomechanical analysis of the masticatory apparatus functions includes the
consideration of the structural peculiarities of the soft tissue formations incorporating into the
system. By this means it is very interesting to analyze the lips taking an active part in food
receiving by the action of reflex contraction of the orbital mouth muscle. This muscle
functions as a sphincter-lock and contributes to subsequent food movement to the oral cavity.
The oral cavity is a system of fissures opened to each other and surrounded by walls and the
oral cavity organs projecting from them [5]. In the oral cavity food is subjected to tasting,
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physical and chemical treatment and is transformed into a food lump. The important role
belongs to the muscular organ (tongue) experienced complicated changes in the masticatory
apparatus phylogenesis and having universal sensory and motor functions.

The tongue is a strong auxiliary muscular masticatory organ fixed only at the region of
its root. It functions according to the principle of the first kind lever. Displacements of the
middle and especially front parts are accomplished with large amplitudes. It allows the tongue
to contact with almost all the parts of the oral cavity forming by this means distinct miniunits.
The tongue takes part in formation of a food lump and its displacement. The lump moves
firstly to the tongue back and then to the tongue root. The subsequent path of the food lump to
the throat is regulated by the posterior palatopharyngeal lock which is analogous to the
anterior vestibular lock. The palatopharyngeal lock is generated by six pair muscles of the soft
palate, the throat and the tongue root (m. Tensor, m. Levator velli palatini, m. Uvulae, m.
Palatopharyngeus, m. Constrictor superior, m. palatoglossus).

Transition of the food lump into the throat is possible only under preservation of
anatomical integrity of all the elements of the palatopharyngeal lock. For this purpose it is
necessary 1) to shut the entrance to the nasal cavity by reflex contraction of the soft palate
muscles raising the palatal curtain, 2) to shut the entrance to the trachea by displacement of
the epiglottis under the pressure of the contracting muscles of the tongue root.

Movement of the food lump into the throat and further to the esophagus is possible
only under anatomical integrity of all the elements of the palatopharyngeal ring. This
condition is lacking in the children with congenital developmental defect of the hard and soft
palate (Fig. 6).

In such a manner the study of the anatomical and topographical peculiarities of tissues
and organs of the masticatory apparatus not only confirms the dialectical relationship between
form and functions but also proves a leading role of function as a generator of adapting
processes which change and transform all the system in accordance with the life conditions.

Conclusions
The methodological approach must allow us to differentiate multiunit character of
anatomic structure of the masticatory apparatus and to study functional mechanisms of every
unit, sphincter-lock and on the basis of numerical data to create their mathematical models.
These models must reflect activity of every unit by itself and integrate the masticatory
apparatus as a specialized biomechanical system by normal and different pathological
processes.
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®YHKUUOHAINBbHO-NMPUCNOCOBUTEJIbHLIE U AOANTALUMOHHO-
KOMMEHCATOPHbLIE MEXAHU3MbI XXEBATEJIbHOIO AMNMAPATA KAK
CneunAnIM3INPOBAHHOU BUOMEXAHUYECKOU CUCTEMBbI

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

JXeBarenbHbIN anmapaT COBPEMEHHOI'O 4YENOBEKa, OOpa30BaBILMICA B pPE3yJbTaTe
JUINTEIBHOTO Tporiecca (uaoreHe3a, SBISETCS CIOXKHON cHUCTeMOM, oOecrneunBaroiei
HAYaJIbHYIO CTAIUI0 TIpreMa M 00pa0oTKu Uiy, (opMooOpa3oBaHUs MUIIEBOTO KOMKA, €ro
MIPOJIBUKEHHE U3 TOJOCTH PTa B TJIOTKY U MHUIIEBO.

Knuanueckoe u Tomorpado-mopdonornyeckoe M3ydeHHE >KEBATEIBHOIO ammapara
MO3BOJISIET  BBIJCNUTh JBAa OCHOBHBIX KapKacHbIX Oloka: 1) KOCTHO-MBIIIEYHBIH,
PaCTIONIOKEHHBI B BHCOYHOHWKHEUCTIOCTHBIX CYyCTaBax; 2) IEHTOAIbBEOJSPHBINA OJIOK,
COWICHSIOMMKA 3yOHBIE PSAABI BEpXHEH W HIKHEH democTedl. KiamHumdeckoe u3ydeHHE
HapylIeHW (QYHKIMA >KEBAaTENhHOTO ammapara IO03BOJSET BBIICIUTH TPH CTAJIUU
HapYIICHUI: KOMIIEHCHPOBAHHYIO, CYOKOMIIEHCUPOBAHHYIO U JIEKOMIIEHCUPOBAHHYIO.

OObeKkTHBHAs OICHKA CTENEHW TSOHKECTH HapylmieHuH (QYHKIHH KeBATEILHOTO
amnmnaparta MOXKeT OBbITh OCYIIECTBIIEHA MyTeM OMOMEXaHMYECKOTO MOJAETUPOBAHUS KaXJIOTO
O5l0Ka B MHAMUKE JICYCHHS Pa3IMYHBIX 3a0oJeBaHMi. VI3MeHEHUs MoKa3aTelnel CHIIOBBIX
¢bakTopoB (HampaBlieHHE, BEIWYMHA CHJI U MOMEHTOB) MO3BOJISET MONYUYUTh OOBEKTHBHBIE
KpUTepUH JJii BbIOOpa ONTHMAIBHOTO METOJAa JICYCHHS JTaHHOTO TAIMeHTa, BhIOOpa
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IPOTE30B, UMIUIAHTATOB, APYTHUX OPTOMEIUYECKUX MPUCTIOCOOICHUH, CpoKa MX NEHCTBUSA H
T.J.

B pabote ananu3upyroTcs 37€MEHTHI OJIOKOB YKEBATEIbHOW CHUCTEMBI B CBSI3M C HMX
CHOCOOHOCTBIO BOCIIPUHUMATh M I€peaBaTh CUIIOBYIO Harpy3Ky (3Malb 3yOOB, MEPHOIOHT,
BHCOYHOHM)KHEUENIOCTHOHN cycTaB). [Io MHEHUIO aBTOPOB, U3yUE€HUE MOBEIEHUS Pa3IMUHbIX
3JIEMEHTOB OJIOKOB B HOPME U B IATOJIOIMU TPEOYET B TO jK€ BPeMsl KOMIUIEKCHOTO MOAX0a K
JKEBATEJIbHOMY allllapary Kak aJalTHpPOBAaHHOW OMOMEXaHUYECKON CHUCTEME.

B Hacrosmee BpeMs crienuanucTsl 1Mo 6uomexanuke IlepMckoro rocyaapcTBeHHOTO
TEXHUYECKOTr0 yHHUBEpcUTeTa U [lepMCKON TOCy1apCTBEHHOW MEIUIIMHCKOW aKaJeMHUH BEIYT
paboTbl 1O  MaTeMaTHMYeCKOMY  MOJCIMPOBAHUIO  3JEMEHTOB  paccMaTpUBaeMOM
OMOMEXaHMYECKOW CHUCTeMbl M WX B3aUMOACWCTBUI (MEPUOJOHT Kak JByX(aszHas
TBEPJOKUKAsE Cpela, BPOXKAECHHBbIE pACIIEIMHBI TBEpIOro HebGa M Ty0 M HX JIe4YeHHe,
ONTUMAJIbHOE NMPOEKTUPOBAHUE 3YOHBIX MPOTE30B U UMILJIAHTATOB, ONEepalis raiMOPOTOMUH,
TpaBMBI 3yOOUYETIOCTHON CUCTEMBI | T.1.). buom. 19.

KiroueBble cioBa: »KeBaTeIbHBIN alrrapar, onoMexaHHJecKas CHUCTEMA, OJOMaAJlb SY6OB,
NEpHUOAOHT, BHCOYHOHMKHEUCSTIOCTHOM CyCTaB
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