Russian Journal of Biomechanics, Vol. 4, Ne 3: 9-16, 2000

BIOMECHANICAL AND HISTOMECHANICAL STUDIES OF THE
MASTICATORY APPARATUS DEVELOPMENT

E.Y. Simanovskaya*, M.Ph. Bolotova*, Y.l. Nyashin**, M.Y. Nyashin**, A.G. Masich**

* Perm State Medical Academy, 39, Kuybishev Street, 614000, Perm, Russia
** Perm State Technical University, 29a, Komsomolsky Prospect, 614000, Perm, Russia, e-mail:
nyashin@theormech.pstu.ac.ru

Abstract: The human masticatory apparatus is a specialized multiunit biomechanical
system. The masticatory apparatus is unique in its shape, functions, anatomical and
morphological structure. In all stages of the masticatory apparatus development there are
changes in its units according to varying mechanical load acting on them. Mechanical
load is one of the governing factors of generation of masticatory apparatus units growth.
Biomechanical and histomechanical studies such tissues and organs as bones, the
enamel, the temporomandibular joint, the periodontal ligament, the palate and so on
favours the view on role of mechanical factor in the masticatory apparatus functioning.
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Study of phylogenesis, ontogenesis and structure of the human masticatory apparatus, its
various functions (food capture and holding, its mechanical and chemical treatment, forming
of a food lump, movement of a food lump from the oral cavity to the throat and then to the
esophagus, taking an active part in voice and speech formations, respiration, swallowing,
facial expression, etc.) allows considering the masticatory apparatus as a specialized multiunit
biomechanical system [7]. This system and all its units have been forming in the process of
adaptation of living organisms to environmental changes. The peculiarities being intrinsic
only to living tissues (for example, biological growth) play an important role in forming the
masticatory apparatus and structure of its units.

The first mentions on this point date from the 19th century. In handbooks on anatomy
the authors called the reader’s attention to the direct relationship between structure and
functions of different organs and tissues.

Folkman (1862) noted that bone growth was caused by pressure, however an
excessive pressure retarded bone growth [14].

J. Wolff had stated the law of bone transformation that each bone function change was
mathematically related with changes in bone architectonics and external form [8]. W. Ru
(1883) had substantiated the theory of the “trajectorial” bone structure and had proved that the
pressure was a biomechanical stimulus of bone growth [14].

A. Anichkin called attention to the fact that structure of all elements of the
temporomandibular joints is changed with age and with changing functions of the dentofacial
system [9].

S.A. Reinberg writes [16] that bone tissue is exceedingly living, changeable one. Bone
is able to remodel and transform, it may adapt to changing environmental conditions.

G.A. lllisarov’s clinical observations have reinforced the statement that tensile stresses
may initiate and sustain bone growth.

Thus literature data as well as those of our clinicoanatomical, morphological and
biomechanical investigations of masticatory apparatus functioning show ability of this
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Fig. 1. Scheme of disposition of the frame units of the masticatory apparatus.

I. The osteomuscular unit in the region of the temperomandibular joints:
1 —the condyle; 2 —the disc; 3 —the temporal fossa; 4 — the articular tubercle;
5 —the zygomatic arch; 6 — the coronal process.

1. The multiunit intermaxillary unit joined dental arches of the maxilla and the mandible
7 —the dental arches; 8 — the alveolar processes.

multiunit system to carry significant load, to transform and transmit it on the facial bones.
Biomechanical models are of great importance in study of peculiarities of bone and soft
tissues functioning taking into account their biological growth, time-varying and age-varying
masticatory load.

Many tissues and organs (the teeth, the alveolar processes, the coronoid and condylar
processes, the maxillary sinuses) of the newborn child’s masticatory apparatus are germinal.
Therefore a newborn child has no an articular joint between the mandible and the maxilla as
well as contact between the lower and upper teeth. An increasing load is the generator of
forming one of the frame units, namely the temporomandibular joint (Fig. 1). In the beginning
a load is associated with sucking, after dental eruption a load is caused by chewing. The
forming the temporomandibular joint is completed to 16 years when the permanent occlusion
is formed. This fact substantiates the conclusion on importance of mechanical load to
processes of growth and development of the jawbones and the joints between them.

Simultaneously with the temporomandibular joint forming the complex changes take
place in the alveolar processes of both the mandible and the maxilla. They are connected with
teeth eruption and arrangement, increase of the occlusion height. As a result the other frame
unit (the intermaxillary unit) is formed by closed upper and lower teeth (Fig. 1).

It should be emphasized that the factors responsible for growth and development of
the frame units, coordination and conjunction of their function are identical. Moreover there
exist osteomuscular and neurohumoral links both between these frame units and with the
central nervous system.

There are clinical, anatomotopographical and morphological evidences of influence of
mechanical load on forming both organs and tissues in the masticatory apparatus. Of special
interest is the process of the tooth crown development. The crowns of different teeth (the
incisors, the canine, the premolar and molar teeth) are markedly distinguished, the amount
and geometry of the roots also vary and depend heavily on the masticatory loads. A
semielliptical shape of the maxilla’s arch, a parabolic shape of the mandible’s arch and their
sizes are in consequence of mechanical loads as well. It is pertinent to note that the enamel is
the hardest material in the human body [10].
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Fig. 2. The crowns of different teeth: a — the incisor, b — the molar
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The role of functional load on structure of the hard dental tissues is thoroughly studied
by analyzing the histograms in [11]. The authors have found out that directions of spiral-like
twisting enamel prisms is not identical in different crown’s regions (Fig. 2). In the neck
region they are almost horizontally directed, in the middle of the crown they obliquely locate,
and near the masticatory surface they are almost vertically directed. Moreover directions of
the prisms appear to vary for different teeth.

Among numerous units of the masticatory apparatus the periodontal ligament is
worthy of notice. 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. In literature, there is no disagreement
concerning the role of the periodontal ligament in providing support for the teeth, but there is
considerable controversy involving the mechanism by which this function is accomplished.
The precise sequence of events that occurs in the periodontal ligament when force is applied
to a tooth was not known.

Such a multifunction of the periodontal ligament depends upon its complex structure.
The periodontal ligament consists mainly of collagen fibres, most of them being arranged into
fibre bundles. Collagen fibres comprise 50% of the periodontal ligament by weight.
Furthermore, the periodontal ligament also contains considerable amount of cells, nerves,
vasculature, interstitial fluid [15].

To explain the mechanism of tooth support by the periodontal ligament we have
conducted experiments in guinea-pigs [3]. It was experimentally shown that under a short-
term load the periodontal ligament may be considered as a porous solid (collagen fibres, walls
of blood and lymphatic vessels) containing a fluid (interstitial fluid, blood, lymph). Moreover
the experiment provided to estimate the permeability coefficient of the PDL. It proved to be in
the order of 10° m%(Pa-sec).

We think that consideration of the PDL as a porous solid containing a free fluid might
help to furnish insights into the mechanism and the nature of the providing tooth support by
the PDL under load as well as other functions of the PDL.

That is why the authors use the Biot’s poroelastic theory to model the PDL. As an
example the behaviour of the interstitial fluid saturating and flowing through a deformable
porous matrix was considered for the case of unconfined compression of such a porous
medium [5].
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Fig. 3. Scheme of disposition of the auxiliary units of the masticatory apparatus.

I. The anterior oralolabial apparatus
1 —the upper lip; 2 — the lower lip; 3 —the mouth entrance; 4 — the teeth and the
alveolar processes; 5 — the oral cavity; 6 — the hard palate; 7 — the tongue.

I1. The posterior pharyngopalatine lock
8 — the soft palate; 9 — the tongue root; 10 — the epiglottis; 11 —the trachea; 12 — the
esophagus.

Moreover from unified biomechanical grounds some problems were formulated and
solved in which the teeth were considered to be loaded by functional, traumatic and
orthodontic loads [2-6, 15]. In particular, the optimization problem of finding appropriate
orthodontic forces was formulated and solved. By appropriate forces we denote forces which
cause predesigned orthodontic tooth movement and satisfy some biological restraints. To
achieve predesigned orthodontic movement of a tooth the exact mathematical definitions of
concepts of a «center of resistance» and a «center of rotation of a tooth» were introduced and
several corresponding theorems were proved.

The soft organs such as the lips, the cheeks, the soft palate, the tongue take an active
part in chewing. Their activity and functions are controlled by the central nervous system and
are dependent on state of chewing and mimic muscles. This units provide mouth opening,
food capture, holding and approbation, its mechanical and chemical treatment, forming of a
food lump which has the form and consistence suitable for movement from the oral cavity to
the throat and then to the esophagus.

The oral cavity (cavum oris proprium) with the occluding teeth or without any tooth
and the mouth entrance are the system of the communicating gaps which are surrounded by
the walls and the protruding organs [12].

Thus the oral cavity and the mouth entrance can be considered as a single
vestibulooral unit fitted with an special musculature (Fig. 3).

Food capture and holding is effected by the oralolabial apparatus. Its sphincter
(musculus orbicularis oris) regulates mouth opening and closing. In the oral cavity a food is
mechanically and chemically treated. Further a formed food lump moves to the tongue root
and then through the complex posterior pharyngopalatine lock. This lock overlaps the
entrance to the nasal cavity and the larynx and thereby promotes food movement to the
esophagus.

In the pharyngopalatine lock functioning five conjugate muscles (musculus tensor veli
palatini, musculus levator veli palatini, musculus uvulae, musculus palatopharyngeus,
musculus constrictor pharyngis superior) take part. The oral and nasal cavities are separated
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Fig. 4. Scheme of the mechanical apparatus in the case of the double-sided palate cleft: a) the teeth-gum
plate; b) the nasal plate; c) the elastic ring; d) palate fragment.

by reflex contraction of the muscles of the soft palate. At the same time the entrance to the
larynx is blocked due to pressure of the muscles of the tongue root to the epiglottis. As a
result a food lump moves easily to the esophagus.

Congenital maxillary anomaly is one of the most commonly encountered disorders of
the dentofacial system. It disturbs such vitally important functions as sucking, swallowing,
breathing, speech and others.

We have elaborated the method of stepwise preoperative orthopedic reconstruction of
the defective maxilla [17]. The key to this method is to bring down the hard palate fragments
from the nasal cavity to the oral cavity. Fig. 4 schematically shows the apparatus after
applying to the separated fragments in the case of the double-sided cleft.

Biomechanical analysis made possible estimating the optimal load developed the
apparatus for successful treatment [1, 13].

Conclusions

The importance of biomechanical studies of the masticatory apparatus is beyond
question. This system is unique in its shape, functions, anatomical and morphological
structure. In the development of the masticatory apparatus it may be recognized typical stages
such as germination, growth, development. In all stages the masticatory apparatus is changed
in accordance with varying mechanical load acting on it.

At the moment it is clear that mechanical load is one of the governing factors of
generation of masticatory apparatus units growth. Biomechanical studies allow objectively
understanding the processes taking place in living tissues and individualizing the treatment of
patients. It is especially important to diagnose and choose method of treatment of a very
complex system, namely the masticatory apparatus.
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M3YHYEHUE OUHAMUKUN POCTA U PA3SBUTUA XKEBATEJIbHOIO
AMNMAPATA METOOAMU BUOMEXAHUKN U TUCTOMEXAHUKU

E.lO. CumaHoBckas, M.®. BonotoBa, HO.U. HawwnH, M.IO. HawwuH, A.l'. Macnuy
(Mepmb, Poccus)

W3y4yenue puiiorenesa, OHTOreHe3a, CTPYKTYphl U (PYHKIIMHU KEBaTEIBHOTO arapara,
MHOTOTPaHHOCTh M CIENU(UIHOCTD BBHITIOTHICMBIX UM (DYHKIIMI (3aXBaThbIBAaHHE, yIEPIKAHHUE
MUY, €€ MEXaHWYecKas U (PU3HKO-XHUMHUYecKas 00paboTka, 00pa3oBaHUE MHUIIECBOTO KOMKA,
MPOBEJICHUE €ro B TIOTKY M THINEBOJ, a TaKKe AaKTHBHOE y4YacTHe B TOJOCO- H
pedyeoOpa3oBaHMM, JIBIXaHWH, TJIOTAHWH, MUMHYECKOH M TUIACTUYECKOW BBIPA3HTEIbHOCTH
JMIa) TO3BOJIIOT pacCMaTpUBaTh JKEBATEIbHBIN ammapaT Kak CIeNHaTu3HPOBAHHYIO
NOJMMOJABHYI0 MHOTOOJIOUHYIO OMOMEXaHHYECKYI0 CHUCTeMY, C(HOpPMHPOBABINYIOCS B
MpoIlecce MHOTOATAIHBIX MPEOOpa30BaHUK M TMPHCIIOCOOJICHUIA KMBOTHBIX OPTaHU3MOB K
YCJIOBHUSIM OKPY’KaIOIEH UX CPEMBI.

DTO OTKpHIBAET BO3MOXXHOCTH JUII HOBBIX METOJOJIOTMYECKHX ITOAXOJOB KaK JUIs
pa3paboTku BOMPOCOB (HOpMOOOpa30BaHUS ITOUM CIOKHOW CHUCTEMBI, TAK M HCIIOJIb30BAHUS
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METOJI0B MAaTeMaTU4YeCKOr0 MOJAETHPOBAHUSA (YHKIMOHHPOBAHUS €€ OTIENbHBIX OJIOKOB,
3aTBOPOB, KJIAIIAHOB, BCEH CHCTEMBI B LIEJIOM IOJ JEHCTBUEM HM3MEHSIOILIEHCS C BO3pacTOM
JKE€BATEIbHON HArPY3KHU.

B neprosx HOBOPOXKIEHHOCTH psii TKAHEBBIX 00Opa30BaHUIl U OPraHOB JKEBATEIBHOTO
amrmapara HaXxOsTCs B 3a4aTOYHOM COCTOSIHUHU (3yOBbl, aJbBEOJSIPHBIE OTPOCTKH, BEHEUHBIH
CYCTaBHOM OTPOCTKM HHXXHEW 4YEIIOCTH, BEPXHEUENIOCTHBIE Ma3yXH); B 3TOM BO3pacTe y
pebeHKa OTCYTCTBYIOT CYCTaBHBIE COUJICHEHUS! MEX/1y BETBbIO HIDKHEW YEIIOCTH M BUCOYHOU
KOCTBbIO, MEXJy 3yO0aMu BepxHell M HIKHeH uemocted. ['eHeparopom mpoleccoB
¢opmMooOpa3oBaHUsl  DIEMEHTOB  BHCOYHO-HM)KHEYENIOCTHOTO  CycTaBa  (OCHOBHOTO
KapKacHOTo 0JI0Ka) sIBJISIETCS HapacTarollas Harpyska, M3HadajlbHO MO/ JaBJIEHUEM Ipoliecca
COCaHMs, a C TMpOpe3bIBaHUEM 3YOOB - aKTa >KEBAaHHUSA. 3aBepIIAeTCs MOCITUPOBAHHE
OCHOBHOI'O KapKacHOro Oioka K 16 rogaM - OJHOBPEMEHHO C YCTaHOBJIEHHEM IOCTOSHHOTO
npuKyca. IToT (HakT MOATBEPkKAAET 3HAYMMOCTh MEXAaHMYECKOW Harpy3Ku sl MPOILECCOB
pocCTa M pa3BUTHSI YENIIOCTHBIX KOCTEN M UX COWICHEHUH.

OnHOBpeMEHHO C (OPMHUPOBAHHMEM OCHOBHBIX KapKAaCHBIX OJOKOB B 00JIaCTH
BHUCOYHO-HM)KHEUENIOCTHBIX ~ CYCTaBOB  IPOMCXOJAT  CJIOXHbBIE  IpeoOpa3oBaHUs B
AIbBEOJSIPHBIX OTPOCTKAX Kak BEPXHEW, TaK W HWKHEW YENIOCTeH, CBA3aHHBIE C
IPOpe3bIBAaHUEM, PACCTAHOBKOM 3y0OB M MOJBEMOM BBICOTHI NPUKYCA, YTO, B CBOIO OUYEPEb,
o0ecrieynBaeT MOSBICHHE BTOPOT0 KapKacHOTO 3y00allbBEOJISIPHOTO OJI0Ka, 00pa3yromierocs
IIPY CMBIKAaHUM MEX]ly 3yOHBIMM PsilaMU BEpXHEN M HUKHEH YeTrocTel.

Crnemyer OTMETHTh HISHTUYHOCTh (PAKTOPOB, TE€HEPUPYIOIIUX POCT, pPa3BUTHE U
(dopM0o0Opa30BaHUE OCHOBHBIX KAPKACHBIX OJIOKOB, KOOPJUHUPOBAHHOCTh, CONPSKEHHOCTb U
B3auMoOJIeiicTBHE MX (YHKIMHA, HAJHMYUE KOCTHO-MBIIIEYHBIX U HEHPOTYMOPAIbHBIX CBS3EH
KaK MEeXTy COOOM, Tak U C IIEHTPAIIbHOW HEPBHOW CUCTEMOIA.

B xeBaTenbHOM ammapare MMEKT MECTO OTYETIIMBO BBIPAXEHHbIE KIMHUYECKUE,
aHaToMmo-Tonorpagpuyeckue M MOpPQOJOTMUECKUEe MPU3HAKM, OTpa)Xalollue BIUSHHUE
MEXaHUYeCKOM Harpy3ku Ha (JOpMUpPOBaHHME KaK OPraHHBIX, TAaK U TKAHEBBIX CTPYKTYp. ITO
OTYETIIMBO BUHO IO CTPYKTYpE, CBOMCTBAM M IOBEACHUIO HMaI, IEpHO0HTa, Heba. Kpome
3TOTO B 3aBUCHUMOCTH OT BBINOJIHAEMBIX (PYHKLMH YETKO pa3rpaHUUYMBaIOTCA (opMa KOPOHOK
3y00B (pe3ipl, KJIBIKM, Majble W OOJbIINE KOPEHHbIE 3YyObl), 4ncio, (Gopma, pasMepsl H
reOMEeTPUUECKOe PacIloyioKeHNe KOpHel 3y0oB, (hopMa M pa3mepsl 3yOHBIX AYr (Ha HIDKHEH
YenmoCcTH B (hopMe mapaboibl, Ha BEpXHEH - OTY?IUIHIICA).

Jns obecrieueHust BBIITOJHEHHS BCEX KOMIIOHEHTOB aKTa >K€BaHUSI IOMUMO OCHOBHBIX
KapKacHbIX OJIOKOB aKTHBHAs pOJIb TMPHUHAUICKHUT BCIOMOTATENbHBIM MEXaHH3MaM:
3aTBOpaM, KjarnaHaM, TO €CTh TAKUM MATKOTKaHHBIM 00pa30BaHUAM KaK T'yObl, IIEKH, MITKOE
He00, A3bIK, (PYHKIUN KOTOPBIX HAXOJATCS MOJI KOHTPOJIEM LEHTPAIbHOW HEPBHON CHUCTEMBI,
a TaKKe HAIPSIMYIO 3aBUCAT OT COCTOSIHUS JKE€BATEIbHON U MUMHYECKON MYCKYJIaTypBbl.

Jlig neneit 6MOMEXaHMYECKOI0 OIMCAHUS Mbl pacCMaTPUBAEM MPEIBEPUE U TOJIOCTh
pTa Kak €IWHBIA BEeCTUOYJ0-OpaibHbIN OJOK, CHAOKEHHBIH CHEIUaTbHON MYCKYyJIaTypod U
o0ecrieunBarOIUi IpueM, yaepKanue, mepepaboTKy U MepeMenieHne MHIIH.

Takum oOpa3oM, B HacTosillee BpeMs J0Ka3aHa IyCKOBas POJIb AABIEHHs, KOTOPOE
SIBIISIETCS. MOIIHBIM T€HEPATOPOM pOCTa, MEPECTPONKH W (YHKIIMOHHPOBAHUS OPTaHOB H
TKAaHEW KEBATEJIbHOTO arnapara.

Pa3zpaboTka HOBOH METOHOJOTMH C TO3UIUH OMOMEXaHMKH M THCTOMEXAHHMKH IS
00BEKTHBHOI'O M3y4YEeHHUs MPOLECCOB, MPOUCXOMSIINX B KHUBBIX TKAHAX C YUETOM HE TOJIBKO
POCTOBBIX HM3MEHEHHH, HO ¥ TIPOIECCOB OCTEOT€HE3a, pacUIMpseT, YIrayouser u
O00BEKTHBU3UPYET MCCIEIOBAHUS KaXJIOr0 WHAMBHUIYAIBHOTO IAI[MEHTa B CTaTHKE U
JMHAMUKE. JTO OCOOCHHO Ba)KHO ISl IMAarHOCTHUKH, BbIOOpa MeTo/a JeueHus 3a00eBaHuil
TaKOM CJIOKHOU 10 KOH(PUTypaluy, aHaTOMHUUECKOH (opMe, TUCTOJIOTHYECKOMY CTPOCHHIO U
(GYHKIHSAM CHCTEMBI - 3yOOUETIOCTHOM cuctembl. bubi. 17.
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