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Peslome

B manHOM mccemoBaHum ObUT TPOBENEH
0030p CIeNManbHOI JUTEPATYPBl C LE/bI0
I/I3Y‘I€HI/I$[ OCHOBHBIX TUIIOTE3 U TeOpI/H/uI, O6'I)-
SACHAKMNVX MEXaHN3M OPTOAOHTNYIECKOTO I1€-
pemerenns 3y6os. Ha npotspkennu gonroro
BpEeMeHN JIIOf{U JIe/Iaii MOMBITKM OOBICHUTD
XapakTep OMOMIOTMYECKOTO TIPOIeCca, OTBET-
CTBEHHOTO 32 BO3MOXXHOCTD JICKYCCTBEHHOTO
cmeeHust 3y6oB. [Tapa/ienbHO ¢ pasBUTH-
eM Croco60B 1abOPATOPHOTO UCCIENOBAHMS
UL HAYYIHOTO COOOIeCTBA OTKPBIBA/IOCH BCe
6orble 0COOEHHOCTEN peakuny OKOmo3y6-
HBIX TKaHell Ha 5K30reHHble MeXaHUYeCKlie
CTMMyHbI. 9TO, B CBOIO O4Y€peb, IPMBOANIIO K
06pa3oBaHNI0 GOIBIIOTO KOMMIECTBA TEOPUIT
I TUIoTes, O6’I)FICHHIOIIH/IX MEXaHN3M OpPTO-
JTOHTMYECKOTro mepeMertenus 3y6os. Hecmo-
TPsI Ha TO, ITO B HACTOsIIIIEE BPEMS HAM CTaIO
M3BECTHO OOJBIIOE KOMMIECTBO MHPOpMA-
VM, KACAMOIIENCcs OGMOMOTMIeCKUX IMPOIiec-
COB, IIPOMCXOAAIINX BO BpeMs BO3MENCTBUA
OPTOAOHTNYECKNX AIlIIapaTOB, HUKTO OO CUX
IIOp HE MOXXET OommNcaTb TOYHBIN MEXaHN3M,
3aIIyCKAIOLWiT 9T1 mporecchl. CoBpeMeHHbIe
MCCTIENOBAHMS COCPENOTOUYEHBI Ha HECKOTIb-
KIUX aKTYaIbHBIX MOpP]O-6MOIOrndecKmx
TEOPMAX OPTOAOHTUYIECKOIO IIEPEMEIICHNA
3Y6OB, YITO TOBOPUT O HATNYINMN IIO3HABATEIIb-
HOTO MHTEPECa OPTOTOHTOB K 9TOI TEME.

KiroueBbie coBa: mexausm 0pmoooH-
muuecko20 nepemeujerue 3y608, meopuu op-
moodoHmuueckozo nepemeuerusi 3y606, 6uo-
JI02UMeCK ULl Acnexm.

BBeneHue
Jlo HacToAIIero BpeMeH! 661710 BBIIBUHYTO MHO-
TO I'MIIOTE€3 OTHOCUTEIBHO IIPOLIECCOB, IIPONCXOAA-
- X B TKaHAX HapO,I[OHTa BO BpeMH OpTOHOHTI/I‘{e—
140 ckoro neuenus, a Taxke chopmupoBano 60nbInoe
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Summary

In this study, a literature review was con-
ducted to examine the main hypotheses and
theories explaining the mechanism of orth-
odontic tooth movement. For a long period
of time, people have made attempts to ex-
plain the nature of the biological process
responsible for possibility of artificial tooth
displacement. Along with the development
of methods of laboratory investigation, more
and more facts about the periodontal tissues’
response to exogenous mechanical stimuli
have been revealed to the scientific commu-
nity. This, in turn, led to the formation of
many theories and hypotheses to explain the
mechanism of orthodontic tooth movement.
Although a wealth of information concern-
ing the biological processes occurring during
exposure to orthodontic appliances is now
known, no one is yet able to describe the exact
mechanism that triggers these processes. Cur-
rent studies focus on several morpho-biologi-
cal theories of orthodontic tooth movement,
which indicates that there is a cognitive inter-
est in this topic among orthodontists.

Key words: orthodontic tooth movement,
theories of orthodontic tooth movement, bio-
logical aspect.

Introduction

Up until now, many hypotheses regarding the
processes occurring in the periodontal tissues dur-
ing orthodontic treatment have been proposed and a
large number of theories of the mechanism of orth-
odontic tooth movement have been created.

The gradual emergence of new research meth-
ods (histological, radiological, etc.) has contributed
to a new level of understanding of the biological
processes that take place during orthodontic treat-
ment.



KOJIYEeCTBO TeOpMil MEXaHM3Ma OPTOJOHTIYECKOTO
HepeMelieHus 3y60B.

[TocTeneHHOE TOsB/IEHNE HOBBIX CIIOCOOOB MC-
CrTeoBaHus (TUCTONOTMYECKOE, PEHTTeHOOT T IeCKoe
¥ [Ip.) CIIOCOOCTBOBAJIO BHIBEIEHIIO IIOHMMAHSI 6110~
JIOTMYECKUX IIPOLIECCOB, MPOMCXONALIMX BO BpeMs
OPTOJOHTIYECKOTO IeYeHNs1, Ha HOBbI YPOBEHD.

MHorue 13 BBIIBUHYTBIX paHHee IIPeJIOoNoxKe-
HMIT ObUIM PACKPUTUKOBAHBI U YIpasfgHEHBI. JIpy-
Tie, C BOI0 OouYepefib, YAanoch He TONbKO IMOATBEp-
IWUTb, HO ¥ PACKPBITh, IOTIONIHASA HOBBIMYU JAHHBIMIU.

Tem He MeHee, O cuX IIOp B JMTepaType HET
OITHO3HAYHOT'O OTBETAa Ha OAMH M3 BAKHENIINX BO-
IIPOCOB: KaKOil MeXaHU3M obecrednmBaeT INpeood-
pasoBaHME 3K30T€HHOJ MEXaHMYECKOV HarpysKu
B CTMMYJI, CIOCOOHDI BBI3BATh TAKOJ CIOXHBIN 1
MHOTOOOPa3HBIIl OMOTIOINYECKUT OTBET OKOI03y0-
HBIX TKaHEIL.

Lenb nccneposannsa:

TeopeTnyueckast OLjeHKa OCHOBHBIX TUIIOTE3 I Te-
OpHit, 06BACHAIOLINX MEXaHNM3M OPTOFOHTUYECKOTO
HepeMelieHus 3y60B.

3apgaum nccnegoBaHusA:

1) peTpOCIeKTUBHBIN aHA/IN3 CHeLMaNTbHO JIN-
TepaTypbl, Kacamolleiicad pasBUTUA IMOHMMaHNA Me-
XaHM3Ma OPTOJOHTUYECKOTO IepeMelleHns 3y0oB,
aKLIeHTUPYsS BHMMaHME HA BOKHENIINX OTKPBITUAX
B 3TOIT 0OIACTH.

2) ocBenieHye Harbomee 3HAYMMBIX TEOPUIT Me-
XaHN3Ma IepeMeleHus 3y60B BO BpeMsi OPTOLOH-
TUYECKOTO JIeYEeHM.

MeTogonorua or6opa NCTOYHUKOB NuTEepa-
Typbl

WUcrounnkn:

B pamkax faHHOTO MCCIeROBaHNs ObIIA UCIIOND-
30BaHa MHpoOpManMs u3 cratell, yie6HIKOB 1 web-
CTpaHNI] HA AHITIMIICKOM, PYCCKOM M PYMBIHCKOM
sI3bIKE, HAIJICHHBIX B 9/MEKTPOHHBIX MCTOYHMKAX.
Lt 3ydenus nHdoOpMannu UCIONIb30BaTIOCh TOMb-
KO OpUTMHATIbHOE COflep>KaHme CTaTell 6e3 mepeBo-
na. B xadecTBe 6a3bl JaHHBIX OBUIM MICIIOIb30OBAHBI
w1athOpMBbl, cofepKaliie MEAUIIMHCKIE CTaTbyU U
VIOB/IETBOPSIOLIIIE KPUTEPHUSIM ITOUCKA:

e PubMed

e ScrienceDirect

e Reserch4Life

e Oxford Academic

Kpurepun nmoncka:

IIpu ncnonb3oBaHMM Ka>KIOTO CaliTa 37IeKTPOHHOI
6a3bl JTAHHBIX IPYMEHSIIVCD CTIEAYIOLVIe (PUIBTPBL:

e Tumn tekcra (full-text)

e Tun cratby (MeTa-aHa/IN3, CUCTEMATIYECKIIT

0030p, OpUTHHATIBHOE MCCIETOBAHNE)

e A3bIK (AHIIMIICKUIN)

KnroueBblie cmoBa:

KiroueBble c10Ba, € IOMOIIBI0 KOTOPBIX HaMm
YA/I0Ch HAITV HeOOXOAMMbIE CTaThlt OBUIN CIIEHYI0-

Many of the earlier assumptions have been criti-
cised and abolished. Others, in turn, have not only
been confirmed, but also uncovered and further ex-
tended.

Nevertheless, there is still no clear answer in the
literature to one of the most important questions:
what mechanism ensures the conversion of exog-
enous mechanical loading into a stimulus capable of
inducing such a complex and diverse biological re-
sponse of the periodontal tissues.

The aim of the study:

A theoretical evaluation of the main hypotheses
and theories explaining the mechanism of orthodon-
tic tooth movement.

Research objectives:

1) A retrospective analysis of the specialized lit-
erature concerning the development of the under-
standing of the mechanism of orthodontic tooth
movement, focusing on the most important discov-
eries in this field.

2) To highlight the most significant theories of
tooth movement mechanism during orthodontic
treatment.

Methodology for selection of literature so-
urces

Sources:

Information from articles, textbooks and web
pages in English, Russian and Romanian found in
electronic sources was used in this study. Only the
original content of the articles without translation
was used. Platforms containing medical articles and
meeting the search criteria were used as a database:

— PubMed

— ScrienceDirect

— Reserch4Life

— Oxford Academic

Search criteria:

The following filters were applied to each elec-
tronic database site:

— type of text (full-text)

— type of article (meta—-analysis, systematic revi-

ew, original study)

— language (English)

Keywords:

The keywords with which we were able to find
the required articles were: tooth movement, ortho-
dontics, biological tooth movement, pressure-ten-
sion theory, bone-bending theory, bioelectricity,
biological electricity, history of orthodontics.

Exclusion criteria:

Articles that contained the terms ‘Drugs, ‘Medi-
cation, ‘Orthodontic appliances, and ‘Orthodontic
techniques’ were excluded because this study was
conducted to assess the development of an under-
standing of the mechanism of orthodontic treatment,
but not the methods of that treatment or the effects
of medication on it.
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mye: tooth movement, orthodontics, biological tooth
movement, pressure-tension theory, bone-bending
theory, bioelectricity, biological electricity, history of
orthodontics.

Kpurtepun uckmodeHns:

BB MCKITIOYEHBI CTATbH, KOTOpPBbIE COfepiKa-
o tepmunbsl “Drugs’, “Medication”, “Orthodontic
appliances”, “Orthodontic techniques” mo mpuunse
TOTO, YTO JAHHOE MCCIIefjOBaHMe ObIIO IPOBEIEHO
IIsL OLIEHKM PasBUTHUS MOHMMAHVs MeXaHU3Ma Op-
TOJJOHTUYECKOTO JIeYeHNs], HO He METOJ[OB 9TOTO JIe-
YeHMs U He BIVSAHUA Ha HEro JIeKapCTBEHHBIX IIpe-
apaToB.

VI3 17 oTo6paHHbIX cTaTeil 14 mpefoCTaBIsINCh
0eCIIaTHO B IIOJIHOM IOCTYIIE, JOCTYI K IOITHOMY
TEKCTY 3-X IUIATHBIX CTaTeil OBUI MOMYYeH C ITOMO-
I[bI0 3TIEKTPOHHOTO KIII0Ya, IPEJOCTABIEHHOIO CO-
TPYAHMKAMM HAYYHON MeIMIVHCKON 6MOnInoTeKn
I'YM® ,,Nicolae Testemitanu®

Paseumue noHumanus mexanusma OpmoooH-
muueckozo nepemeujeHus 3y606

ITepemerrienne 3y60B IOf, AEIICTBMEM MeXaHUUe-
CKOJ CUJIBI 3BECTHO ellle C PEeBHUX BPeMeH.

Tak, Asn Lenbc (Aulius Celsus), >xuBimnii B me-
puop 25 net 1o H. 3. — 50 71eT H. 3., TOBOPUI O TOM,
4TO “HpM HEOOXORMMOCTM IePeMeCTUTDb ITOCTOSH-
HbII1 3y0, MAIVEHT [JO/DKEH C IIOMOIIbIO TTa/Iblla IPK-
K/Ta/ibIBaTh K 3y0y CI/Iy B HY)XHOM HAaIIpaB/IeHUN B
TedeHue [OITOro BpeMeHM! 10 TeX IIOop, [oKa 3y6 He
3aiiMeT MPaBMUIbHOE OMOXKeHe” [9].

Tem He MeHee, HUKTO B TO BpeMs He MOT 00bsic-
HITb, I0YEMY U KaK 3TO IIPOMCXOJUT.

Hantncr 19 Bexka Hopman Kunrcemm (1825—1896
rT.) roBopw: “KocTb MOXeT ObITh pacTBOpeHa WK
BOCCO3/jaHA IIOf] B/IMSIHMEM BHEIIHMX (HaKTOPOB.
[TepemeleHHBII 3y06 CO3[aeT HaBIeHNE, PacTBO-
psitoriee Kocth” [9]. Takoe mpenronoxxeHue Impex-
CTaB/LSIIO COOO0IT OHY U3 TIEPBBIX IPABJOIOZOOHbIX
HOIBITOK OODBCHEHMS] MeXaHM3Ma IepeMelleHMs
3y60B.

MHTepec K 610IOrMYeCKUM IIpOLieccaM, MpOuC-
XOZIAIIMM BO BpeMs MCKYCCTBEHHOTO IepeMeleHIsI
3y60B ¢ Tex mop, He yraca. [lossieHne nabopaTop-
HBIX METOJOB BU3Ya/lU3aLNN MUKPOCTPYKTYP OKO-
JI03yOHBIX TKaHeJl IOMOITIO HayYHOMY CO00IIecTBy
ObICTpee IIPOJIBIHYThCS B JAHHOM HAIllPAB/ICHUIL

Baxnenmmmmy 13 TaKux METOIOB ABJIAIOTCA CBe-
TOBas MUKPOCKOIIVS, 37IEKTPOHHAs MUKPOCKOINA,
KJIETOYHOE Ky/IbTMBMPOBaHMe in vitro, pagmorpa-
¢bus [18].

g nccnepoBanys Hadana 20 BeKa XapaKTEpHO
B OCHOBHOM CTpeMJ/IeHIe aHaM3UPOBATh IMCTONIO-
TUYecK1e U3MEHeHNUs B OKOIO3yOHBIX TKaHAX I1OCIIe
HepeMelleHns syba.

OTH MCCIeOBaHNUS ONUCHIBAIA PA3HOOOPAsHYIO
K/IETOYHYIO aKTUBHOCTD B IEPUOJIOHTE, OABEprILIe-
MYyCsl MEXaHMYeCKOIl Harpyske, BK/IIOYAs [esTe/Ib-
HOCTb $ubp06/IaCcTOB, SHAOTENNOLUTOB, OCTE06a-
CTOB 1 OCTEOIUTOB [12].

Of the 17 selected articles, 14 were available free
of charge in full access, while access to the full text of
3 for-pay articles was obtained with an electronic key
provided by the staff of the Medical Scientific Library
IP USMF ,Nicolae Testemitanu®.

Developing an understanding of the mechanism
of orthodontic tooth movement

The movement of teeth through mechanical force
has been known since ancient times.

For instance, Aulus Celsus, who lived between 25
BC and 50 AD, said that ,,if there is a need to move a
permanent tooth, the patient should use his finger to
push it in the right direction for a long time until the
tooth reaches the correct position® [9].

However, no one back then could explain why or
how this happens.

The 19th century dentist Norman Kingsley
(1825—1896) said, ,,Bone can be dissolved or re-
constructed by external influences. A moved tooth
creates a pressure that dissolves the bone“ [9]. This
assumption represented one of the first plausible at-
tempts to explain the mechanism of tooth movement.

Interest in the biological processes that occur dur-
ing mechanically induced tooth movement has not
waned since then. The advent of laboratory methods
to visualise the microstructures of the periodontal
tissues has helped the scientific community to move
faster in this direction.

The most important of these methods were light
microscopy, electron microscopy, in vitro cell culti-
vation, and radiography [18].

Research at the beginning of the 20th century was
mainly characterised by a desire to analyse histologi-
cal changes in the tissues surrounding the tooth after
a tooth movement.

These studies described a variety of cellular ac-
tivities in the periodontium subjected to mechanical
stress, including activities of fibroblasts, endothelio-
cytes, osteoblasts and osteocytes [12].

In 1904 — 1905 the scientist Carl Sandstedt was
able to demonstrate convincingly that movement of
the tooth is caused by processes of bone resorption
and opposition [18].

In addition, mechanical stress was found to mod-
ify the structural properties of periodontal tissues at
the cellular, molecular and genetic levels [12].

The nature of these changes was not yet clear
for that time, but nowadays the current literature is
already full of data on both molecular and genetic
levels of cellular response to orthodontic treatment
[1,16,18].

Referring to the results of his own histological
and radiological studies of the alveolar bone of a re-
positioned tooth Sandstedt wrote that ,,the (alveolar)
wall apparently moves“ due to processes of bone op-
position on one side of the wall, which is compen-
sated by bone resorption on the opposite side and
vice versa [16].

In the 1950s, Reitan extended the world’s under-



B 1904 — 1905 rogpy yuensrit Carl Sandstedt cy-
MeJT YOeIUTeIbHO MPOAEMOHCTPUPOBATD, YTO Hepe-
MelleHNe 3y6a 00YC/IOBIEHO MpolLieccaMy KOCTHOI!
pesopbuyy 1 onmosuuyn [18].

Kpome aroro, 6610 06HApY>KEHO, YTO MeXaHMU-
YeCKMII CTPecc MPUBOAUT K M3MEHEHWIO CTPYKTYp-
HBIX CBOJICTB TKaHeil IE€PMOJOHTA Ha KJIETOYHOM,
MOJIEKY/IAPHOM U TeHeTUYEeCKOM YPOBHSIX [12].

XapakTep 3TUX M3MEHEHMII U1 TOrO BPEMEHU
OBIII ellje HesICeH, HO B HACTOsAI[ee BpeMsI COBPEMEH-
Has JIMTepaTypa yoKe IOTHA JAHHBIMU KaK O MOJle-
Ky/IAPHOM, TaK U TeHETUYECKOM YPOBHE KJIETOYHOTO
OTBeTa Ha OPTOOHTIYeCKOe TedeHne [1,16,18].

Ccplmasich Ha pes3y/nbTaTbl COOCTBEHHBIX IUCTO-
JIOTMYECKUX M PaJAMONIOTUYECKUX MUCCIe[OBAHNUIL
KOCTV a/bBeOsIbl IepeMerntaeMoro 3yba Sandstedt
ICaJl, 9TO “‘cTeHKa (a/bBEOsIbl) BUAMMO [ABIKETCH
6rmarogapst mpoleccaM OIMO3UIUK KOCTI C OfHOI
CTOPOHBI CTEHKM, KOTOpas KOMIICHCUPYETCA pe-
30p01IMelt KOCTU C MPOTUBOIIOIOKHOI CTOPOHBI U
Haobopor [16].

B 1950-e roppr Reitan ¢ momouipo rucromMop-
(bOMeTpUUECKOTO MCCTIeNOBaHMsI TKAaHell denoBeKa
pacimMpuI MpeACTaBIeHNs] MUPOBOTO CoobIiecTsa
0 OPTOJOHTHYECKOM IlepeMellieHI 3y60B, OCBellas
OTBEeT OKO/O3YOHBIX TKaHeil, KOTOPBIN 3aBUCUT OT
BEIMYMHbI CUJIBL, TUIIA TlepeMellieHIst 3y6a 1 MH/M-
BU/Iya/IbHBIX 0COOEHHOCTeIT opranusma [6].

C Haya/oOM aKTMBHOTO MCIIO/Nb30BAHUSA Pajmo-
rpa¢un B 1960-x romax BriepBble BOSHMK/IM OIM-
CaHMs TOro, KaK IIOJl JEeCTBMEM MeXaHW4eCKOI
HArpy3Ki TKaH IEePUOJOHTA [IeIICTBOBA/IM KaK “Bs3-
KO3TIACTUYECKIUIT TeNb’, KOTOPBI “YIPyro OTTaIKM-
BaerT (bounces) KpaTKOBpeMeHHBbIE CWJIBI, HO BBI-
TaB/IMBAETCS U3 TIEPMOLOHTAIBHOTO IPOCTPAHCTBA B
CIIy4ae eiiCTBIUS IPOJO/DKUTENbHOM CUbI [16].

OpHoBpeMeHHO B 1960—1970 ropbl BHMMaHMe
yUeHbIX IpUBJIEKIa Teopus “Okarusi koctu (Bone-
bending theory) npu oprofoHTHYecKOM HepeMelie-
HIUM 3y6OB 11 MeTaboMMdIecKne MpOoLecchl, K KOTO-
PBIM 9TO CXXaTye IpUBOAuIo [16].

Hna 1970-x romoB XapaKTe€pPHO AKTMBHOE W3-
ydeHMe MOJIEKY/LSIPHBIX IPOLIECCOB IepeMeleHIst
3y60B, KOTOpOE MOMOIJIO YYEeHBIM IPUITU K OffHO-
3HAYHOMY BBIBOJY O TOM, ITO OPTOJOHTUYECKNE Ha-
TPy3KM Ha 3yOBl CTUMY/IUPYIOT KJIETOUHYIO aKTWUB-
HOCTb U MOJIEKY/LIPHYIO aKTMBHOCTb OKOJIO3YOHBIX
TKaHeil, KOTOpasi B CBOI0 O4Yepefib MOAYIMPYET aK-
TUBHOCTD CITeln(pUIeCKNX KIeTOK, OTBETCTBEHHbIX
3a U3MEHEeHNe MONOXKeHMs 3y6a B Mpefenax ruipo-
AMHAMMYECKOTO IIPOCTPAHCTBA MEPUOMOHTA U aJlb-
BEOJIAIPHOI KOCTH.

Takoe OTKpBITHE HMPUBEIO K HOSIBICHNUIO U Pas-
BUTIIO HOBOII TeOPUIL, 0OBSICHSIOIEl epeMeleHe
3y60B — Teopumu “maBneHus-HaTsDKeHus (6, 16],
KOTOpas JI0 CUX ITOP AB/AETCA CAMOI IIOIYIAPHOI.

B 1991 B crarbe “Tooth Movement” Davidovitch
Z. IpOBe KPUTUYIECKUI aHa/II3 9BOMIOLUN KOHIIETI-
Ta 6MONOrNYECKIX OCHOB OPTOJOHTUYECKOTO THepe-
MelleHNs1 3y60B 1 ITOAPOOHO OMMcan 6ONbIINHCTBO

standing of orthodontic tooth movement by illumi-

nating the response of the periodontal tissues, which

depends on the magnitude of the force, the type of
tooth movement and the individual characteristics of

the body [6].

With the beginning of the active use of radiogra-
phy in the 1960s, descriptions of how the periodontal
tissues acted as a ,viscoelastic gel, which ,,bounces®
short-term forces, but squeezes out of the periodon-
tal space when subjected to prolonged force, first
emerged [16].

In 1960—1970, the Bone-bending theory in
orthodontic tooth repositioning, and the metabolic
processes resulting from it, also attracted scientific
attention [16].

The 1970s were characterised by an active study
of the molecular processes of tooth movement, which
helped scientists to reach the clear conclusion that
orthodontic loads on the teeth stimulated the cellular
activity and the molecular activity of the periodon-
tal tissues, which in turn modulated the activity of
specific cells responsible for changing the position of
the tooth within the hydrodynamic space of the peri-
odontium and the alveolar bone.

This discovery led to the emergence and develop-
ment of a new theory to explain tooth movement, the
»Pressure-tension theory“ [6,16], which is still the
most popular theory.

In 1991, Davidovitch Z. performed a critical anal-
ysis of the evolution of the concept of the biological
basis of orthodontic tooth movement in his article
»Tooth Movement“ and described in detail most
of the known mechanical and biological processes
known at the time [18].

Davidovitch Z. analysed 287 sources of literature
to create his article.

The most important results of the study included
the following:

e The two most important hypotheses of the 20th
century which explain tooth movement include
the ,Bone bendig ttheory“ and the ,Pressure-
tension” theory. Modern histological studies have
confirmed the occurrence of both processes si-
multaneously;

e The effects of the processes of bone bending and
tension-pressure of the PDL lead to a biologi-
cal response in the cells and non-cellular com-
ponents of the periodontium and alveolar bone,
which eventually leads to bone remodelling;

e In vitro studies of cell cultures have demonstra-
ted that alterations in cell shape can lead to cell
activation through the opening of cell membrane
ion channels or crystallization of cytoskeleton fi-
laments. At the same time, mechanical alteration
of collagen structures, both mineralized (alveolar
bone) and non-mineralized (periodontium), can
lead to a bioelectrical phenomenon.

e Isolated human periodontal cells produce a bi-
ochemical response to exogenous chemical and
mechanical stimuli.
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M3BECTHBIX MEXAHMYECKMX U OMOIOTMYECKMX Mpo-

11eCCOB, M3BECTHBIX Ha TOT Hepnox [18].

Ins cospanus coeit cratbyt Davidovitch Z. mpo-
aHa/M3MpoBasl 287 UCTOYHMKOB JINTEPATYPBL.

Bakneiimme pesynpTaTbl UCC/IENOBAHNA BKIIIO-
Jau CIefyolee:

e JIBe BaxkHenmue rumnoressl 20 BeKa, 0ObACHS-
Iol[ye TepeMellieHe 3y00B, BKIIOYAI0T TEOPHIO
“oxarTms KOCT U TEOPUIO “[aBJIeHMsI-HATsIKe-
Husi. CoBpeMeHHbIe CTaTbe TUCTONOTMIECKIe
UCCTIelOBAHNs TOATBEPAIN, BO3HUKHOBEHME
060X IIPOIIECCOB OffHOBPEMEHHO;

e CreicTBUEM IIPOLECCOB CXKATISI KOCT U TaBIIe-
HIsI-HATSDKEHVS CBSI3OK IIPUBOUT K Omomornde-
CKOMY OTBETY CO CTOPOHBI K/I€TOK 11 HeKJIeTOU-
HbBIX KOMIIOHEHTOB IIePMOJOHTA I a/IbBEOJIIPHOIL
KOCTH, KOTOPBbIiT B KOHEYHOM pe3yJIbTare IPUBO-
IUT K peMOJeTMPOBAHUIO KOCT;

e JlccnemoBaHMA KIETOYHBIX KY/IBTYp in vitro
IPOIEMOHCTPUPOBAIIY, YTO M3MeHeHIe (GOpMbI
K/IeTOK MOXKET IIPMBECTY K MX aKTUBALUM IIO-
CPEfICTBOM OTKPBITUS JMOHHBIX KaHA/IOB MeM-
OpaHbI K/IETOK WAV KpUCTamIn3anumu GumaMeH-
TOB LIUTOCKe/IeTa. B TO )ke BpeMs, MexaHIIecKoe
U3MEeHeHNe KOJIATEHOBBIX CTPYKTYp, KaK MMU-
HepajM30BaHHBIX (aJIbBEOJIAPHOI KOCTM), TaK
Y HEMUHEPa/M30BaHHbIX (IIEPMOTOHTA), MOXET
HIPUBOANUTh K BO3HMKHOBEHMIO OMO3IEKTpHUUe-
CKOTO (peHOMEHa.

e l3onupoBaHHbIE [IEPUOLOHTAIbHbBIE K/IETKN 4e-
JI0OBeKa AT OMOXMMUYECKIUIT OTBET Ha 9K30TeH-
HbIe XUMIYECKIe I MEXaHNYeCKIIe CTUMYIIBL.

e Tucromornyeckre M MMMYHOTMCTOXMMUYECKME
UCCTIeIOBAHNS JIOKAa3a/Iy IepeMelleHne mepuo-
TOHTA/IbHOI YKUIKOCTU BO BpeMsI IIepeMelleHNs
3y6a

e DBasoakTuBHbIE HENPOTPAHCMUTTEPHI
00X/JAI0TCsT 13 HEPBHBIX OKOHYAHMII IePUOJOH-
Ta, YTO MPUBOJUT K MUTPALNY JIEHKOLUTOB U3
MECTHBIX KallWJIIAPOB. JIeIKOoLUTbL B CBOIO O4Ye-
penb BBICBOOOXK/AIOT PAL LUTOKMHOB U PaKTO-
POB pocTa, KOTOpPble CTUMYINPYIOT aKTUBHOCTD
K/IeTKOK IIePMOJOHTA U a/IbBEOJIAPHOI KOCTH,
3aIyCKAIOIIYI0  IIPOLECC  PeMOfIeTMPOBAHMS
KOCTHOJ1 TKaHIL.

e Pemopenupyiomas aKTMBHOCTb CIOCOOCTBYIOT
HepeMelleHnIo 3yba B HaIIpaBIeHNN yIacTKa pe-
30p6unu Koctu [6].

Takum ob6pasom, Davidovitch mpusen mmposoe
coo06111ecTBO K (pyHIAMEHTAIbHOMY BBIBOLY O TOM,
94TO OMONOTMYECKNIT OTBET HA OPTOJOHTUYECKOE
HepeMelieHne 3y0OB BKIIOYaeT aKTMBHOCTb HEPB-
HOJI, UMMYHHOJ ¥ SHIOKPVHHOJ CUCTEMbI U YKa3al
Ha BOXHOCTD JIa/IbHENIIEr0 U3y4YeHNs BCeX feTalen
BO3HUKAIOIINX KI€TOYHBIX U OMOXMMUYECKNX IPO-
1eccos [6].

Jlydiree moHMMaHMe OMOIOTMYECKUX OCHOB IIe-
pemerenns 3y60B, mo MHeHuto Davidovitch, momx-
HO HPUBECTHU K 6oJIee MpeficKasyeMOMY pe3y/IbTary
OPTOJOHTMIECKOTO TedeHns [6].

BBICBO-

e Histological and immunohistochemical studies
have proven periodontal fluid movement during
tooth movement

e Vasoactive neurotransmitters are released from
the nerve endings of the periodontium leading
to the migration of leukocytes from the local ca-
pillaries. Leukocytes in turn release a number of
cytokines and growth factors that stimulate peri-
odontal and alveolar bone cell activity, triggering
the process of bone remodeling.

e Remodeling activity promotes the movement of
the tooth towards the bone resorption site [6].
Davidovitch has thus led the world community

to the fundamental conclusion that thebiological re-

sponse to orthodontic tooth repositioning involves
nervous, immune and endocrine system activity and
pointed out the importance of further studying all
the details of the cellular and biochemical processes

involved [6].

A better understanding of the biological basis
of tooth repositioning, according to Davidovitch,
should lead to a more predictable outcome of orth-
odontic treatment [6].

At the beginning of the 21st century, Krishnan
and Davidovitch [12, 13] further expanded their
understanding of the process of orthodontic tooth
moving, while separately highlighting the reactions
occurring in the hard, soft periodontal tissues as well
as in the local nerve and vascular network.

In their articles, the authors described the known
information about the signalling mechanism in re-
sponse to mechanical stress: mechanosensing, trans-
duction and cellular responses.

The authors also described the different compo-
nents of the interconnected biological response chain
between cells and extracellular matrix (ECM) in an
organised sequence, highlighting the relationship be-
tween it and the results of clinical observations [13].

Theories of orthodontic tooth movement

There is enough information in the literature
about the morphological and biochemical reactions
of the periodontal tissue to the mechanically induced
tooth movement.

Currently, most scientists agree that the primary
mechanism of orthodontic tooth movement is the
processes of bone resorption and bone opposition.

By the correct application of orthodontic forces,
the dentist stimulates the molecular and cellular re-
sponse of the body in such a way that it in turn pro-
motes optimal progression of both resorption and
opposition.

Nevertheless, there is still no clear answer in the
literature to one of the most important questions:
what mechanism ensures the conversion of an ex-
ogenous mechanical load into a stimulus capable of
inducing such a complex and diverse biological re-
sponse of the periodontal tissues.

Numerous authors have put forward their hy-
potheses on the mechanism of tooth movement dur-



B navane 21 Beka Krishnan u Davidovitch [12,
13] ewte 607blIIe PACUIIPYIN TIPEACTABIEHNS O IPO-
1jecce OPTOJOHTIYECKOTO MepeMelleH s 3y00B, Ipn
9TOM OT/Ie/IbHO OCBellast Peakiyy, MPOUCXOIIIEe
B TBEPABIX, MATKUX OKOITO3YOHBIX TKAHIX, 8 TAKXKE B
MECTHOI HEPBHOI M COCY/IMCTOM CETH.

B cBOMX cTaThsiX aBTOPBI OMMCANTU U3BECTHYIO
MHPOPMALMIO O CUTHAJIBHOM MeXaHM3Me B OTBET
Ha MEXaHMYEeCKYI0 HarpysKy: MeXaHOBOCHPUATHUE
(mechanosensing), TtpaHcaykius (transduction),
kietouHsit oTBeT (cellular responses).

ABTOpBI TaK)Xe OMMCAIN Pa3IIHble KOMIIOHEH-
ThI B3aMMOCBSI3aHHOII L[eIY OMOIOIMYECKOTO OTBE-
Ta MEX/Y KIeTKaMI U MEXK/IeTOYHBIM BelleCTBOM
(extracellular matrix (ECM)) B opraHmsoBaHHOI
HOC/Ie0BATe/IbBHOCTH, OCBEIIast CBA3b MEX/Y HUM 1
pe3y/nbTaToB KIMHIYECKMX HabmoeHnit [13].

Teopun MexaHmUsMa HepeMelleHUs 3y60B MO
BO37IeiiCTBIEM OPTOJOHTIYECKIX CUIT

B cnenuanpHO nMTEpaType MOCTATOYHO WH-
dbopmaruy 0 MOpOIOTNIECKUX 1 OMOXMMIIECKIX
peakIMAx OKOJO3YOHbBIX TKaHell Ha MICKYCCTBEHHOE
nepemelexye 3y60B.

Ha nHacrosmmit MOMEHT GONBIIMHCTBO yYEHBIX
CXOIMTCS B OJTHOM — I€PBOCTEIIEHHBIM MeXaHI3-
MOM OPTOJJOHTHYECKOTO IiepeMellieHIst 3y0O0B sIBJIs-
I0TCS1 IIPOLIECChI KOCTHOI pe30opO1My U OIIIOSUIIUIA.

[Ipy mpaBWIBHOM NPUMEHEHUU OPTOJOHTHYE-
CKMX CUJI Bpad CTUMY/IVPYeT MOJIEKY/ISIPHbIIL 1 KIle-
TOYHBIIl OTBET OpPTaHM3Ma TAaKUM 0OpasoM, 4TOOBI
OH B CBOIO OYepefib CIOCOOCTBOBA/I OITUMATBHOMY
IPOTEKAHNIO KaK Pe30pOINy, TaK U OIIIOSUIIUIL.

Tem He MeHee, IO CMX IIOp B JIMTEpaType HeT
OJIHO3HAYHOTO OTBETA Ha OJMH U3 BaKHENIINX BO-
IIPOCOB: KaKOil MeXaHU3M obecrmednmBaeT INpeod-
pasoBaHMEe 35K30T€HHOJ MEXaHMYECKOV HarpysKu
B CTMMYJI, CIOCOOHDII BBI3BATh TAKOJ CIOXHBIN 1
MHOTOOOPa3HBIIl OMOTOINYECKNUT OTBET OKOI03y0-
HBIX TKaHEI.

MHO>XeCTBO aBTOPOB BBIBUIANIO CBOV TUIIOTE-
3bI MeXaHM3Ma IepeMelleHns 3y60B IpU OPTOLOH-
TUYECKOM JIeUeHNL.

Bosnbiiras 9acTh 13 HUX Cpasy MOfIBEpraaach Kpu-
THUKe ¥ IIPU3HABAIACh YYEHBIMM U KIMHUI[UCTAMU
HeCOCTOSITE/IbHOI, UTO B CBOIO OdYepefib IOMOTaIo
UCCTIefloBaTe/leM MCKaTh HOBbIE NyTH OOBICHEHMS
3TOr0 OMOJIOTMYECKOro IpoIiecca.

VI3 Bcero MHOT0OOpasusi TeOpuit MeXaHM3Ma Ie-
peMelieH1st 3yO0B BO BpeMsI OPTOLOHTUYECKOTO JIe-
4eHMs1 OOTIBIINHCTBO aBTOPOB CXO[UTCSI BO MHEHU,
4TO HabosIee 3HAUMMBIMI SIB/ISIIOTCS TPUL:

(1) Teopus Hanpsixenust Koctu (cuH. Bone-Ben-

ding theory, Farrar theory)

(2) Teopus 6uomornvecknx TokoB (cmH. Biolo-
gical Electricity Theory, 6uoanexrpudeckas
Teopusi)

(3) Teopus maBmeHus-HaTsDKeHus: (cuH. Pressu-
re-Tension Theory, Oppenheim theory)

XOTA KaKJas U3 9TUX TEOPUIL pery/IApHO KPUTH-

ing orthodontic treatment.

Most of them were immediately criticised and
considered untenable by scientists and clinicians.
This in turn helped researchers look for new ways to
explain this unique biological process.

Out of the variety of theories of the mechanism of
tooth movement during orthodontic treatment, most
authors agree that three are the most significant:

(1) Bone-Bending theory (syn. Farrar theory)

(2) Biological Electricity Theory (syn. Bio-elec-

tric theory)

(3) Pressure-Tension Theory (syn. Oppenheim

theory)

Although each of these theories had been criti-
cised in present-day articles, no study can com-
pletely disprove any of them. Nevertheless, a review
of the literature indicates a prevailing tendency for
researchers to favour the latter theory.

Bone-bending theory (syn. Farrar theory)

Farrar (1888) was the first to suggest that the
bending of the alveolar bone was of paramount im-
portance in orthodontic treatment [12, 15].

According to his theory, the orthodontic force ap-
plied to the tooth extends simultaneously to all sur-
rounding tissues, namely the tooth itself, the bone
and the periodontal ligament.

Since the bone has more elasticity than the other
periosteal tissues, it is the first and most to bend [12,
15].

Bone bending, in turn, leads to active remodel-
ling of the alveolar bone and renewal of the cellular
and mineral components of bone and periodontium.
These processes are greatly accelerated as the bone
remains in the bent state [12, 15].

This hypothesis was later confirmed by Baum-
rind in his paper ,,A reconsideration of the property
of the pressure tension hypothesis“ in laboratory ex-
periments on rats and by Grimm in his original ar-
ticle ,Bone-bending, a feature of orthodontic tooth
movement“ [9].

The same authors later also pointed out that ,,not
only the lamina dura but also the surface of each of
the cancellous bone trabeculae is reorganised.

The orthodontic force, by bending the bone,
spreads along the bone in the form of stress lines, and
is the factor that stimulates the biological response of
the cells lying perpendicular to these lines [12].

The cellular response, in turn, leads to changes in
bone shape and internal organization, representing
an adaptation mechanism to exogenous (orthodon-
tic) forces [12].

This theory has many supporters in the scientific
world, because it can be used to explain some of the
known facts about orthodontic tooth movement,
such as[12]:

1) a relative delay in the rate of orthodontic tooth
movement while attempting to move a large
group of teeth, which obviously requires ben-
ding a larger volume of bone.
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KyeTCsI B HOBBIX CTaTbsX, HI OJJHO MCC/IeflOBaHIe He
MOXET IOTHOCTBIO OIPOBEPTHYTh MI0OYI0 13 HUX.
Tem He MeHee, ITPOBEJCHHBII AaHANU3 TUTEPATYPbI
yKa3bIBaeT Ha MIPeBaIMPYIOLYI0 CKIOHHOCTD 1CCIIe-
JoBaTesieil K IOC/eHEN TEOPUML.

Teopusa Hanpsokennmsas Koctu (cuH. Bone-
Bending theory, Farrar theory)

Farrar (1888) mepBbIM IIpenIoNoOKuI, 4TO cruba-
HIe a/IbBEOJIIPHOI KOCTHU UTPAeT IepBOCTENeHHOe
3Ha4YeHNe B OPTOLOHTIUYECKOM Tedernn [12, 15].

CoracHo ero Teopuu, OPTOXOHTUYECKAs CUIA,
HIPWIOXKEHHAs K 3y0Y, pacpoCTpaHseTcs OfHOBpe-
MEHHO Ha Bce O/M3/Iexalye TKaH1, a MMEHHO — Ha
caMm 3y0, KOCTb U CBS3KI IEPHOTOHTA.

Tak Kak KOCTb 0o6yagaeT OOJbILIEN 3/IaCTUYHO-
CTBIO, UeM JpyTue OKOM03yOHbIe TKaHU, OHa cruba-
eTCs1 B IIEPBYIO ouepenb u 6ombiie Beero [12, 15].

CrubaHnue KOCTH, B CBOIO Odepeflb, IPUBORUT
K aKTMBHOJ II€PEeCTPOJiKe aJIbBEOJLIPHOM KOCTU U
OOHOB/ICHUIO KIETOYHBIX 1 HEOPTaHMYECKUX KOM-
HOHEHTOB KOCTM U MEPUOLOHTA. IDTU IIPOLECCHI
3HAYNTEIBHO YCKOPSIIOTCS MO Mepe TOro, KaK KOCTb
0CTAeTCs B COTHYTOM cocTostHuu [12, 15].

JlaHHy0 rUmoTesy mosxe moarsepant Baumrind
C TIOMOIIBI0 /TAOOPATOPHBIX SKCIEPUMEHTOB HaJl
KpbICcaMIt B cTaTbe “A reconsideration of the property
of the pressure tension hypothesis” u Grimm — B
opuruHanpHoil cratbe “‘Bone-bending, a feature of
orthodontic tooth movement” [9].

Te ke aBTOpPBI TO3Ke OTMeYan, 4YTO “‘peopra-
HM3ALVS TIPOMCXOAUT He TOTIbKO Ha KOPTMKA/IbHO
KOCTHOI TIIACTMHKE, HO TaKXXe Ha IOBEPXHOCTU
Ka>XKZI0i1 TpabeKy/ibl ry64aToro BelecTBa KOCTI .

OprofonTyeckas cuna, crubas KocTb, pacipo-
CTpaHAeTCA 10 Hell B BUJIE JIMHUII HAIpsDKEHUA, U
AB/sgeTCsl (HAKTOPOM, KOTOPBIN CTUMYIUPYeT 61Oo-
JIOTMYEeCKUIT OTBET K/IeTOK, PACIIO/IATalONINXCs Tep-
HEeHVKY/IAPHO K 9TUM IUHUAM [12].

KieTouHbIIT OTBET, B CBOIO OYepe/b, IPUBOLUT K
U3MeHeHUsAM (GOpPMbI ¥ BHYTPEHHel OpraHM3aIun
KOCTH, HPEACTaBIsAsA co60l1 MEeXaHM3M afalTalun
BO3JEIICTBYOIVM Ha
Hero K 9K30TeHHBIM CH-
nmaM  (OPTOZOHTUYECKIM)
[12].

9rta Teopus
MHOTO CTOPOHHMKOB B Ha-
YIHOM MMUpe 110 IpUYNHEe
TOTO, YTO C IIOMOII[BIO Hee
MOXXHO OO'BSCHUTH HEKO-
TOpble M3BeCTHBIE (haK-
TBl 00 OPTOOHTIYIECKOM
nepemeleHny 3y6os [12]:
1) oTrHOcCHUTenbHOE  3a-

MefJIeHIle  CKOPOCTH

HepeMeleHs P Ho-

IbITKE IePeMeCTUTb

6071bIIyI0 rpyImy

3y60B, IpM KOTOPOM

umeeT

Fig. 1. Schematic representation of the longitudinal section at the
level of the single—rooted tooth during orthodontic movement. The
arrow indicates the direction of the orthodontic force: F — force
applied to the tooth, B— alveolar bone, T — single—rooted tooth,
TS — tension side, (S — pressure side, NB — area of newly
formed bone.

2) acceleration of orthodontic tooth movement
towards the thinner bone, which is more ea-
sily flexed.

3) acceleration of orthodontic tooth movement
towards the socket of the extracted tooth,
where the bone volume is reduced.

4) faster orthodontic tooth movement in chil-
dren who have less mineralization and greater
bone elasticity compared to adults.

Although the Bone-bending theory may ap-
pear very attractive when it comes to explaining the
mechanism of orthodontic tooth movement, con-
vincing information can be found in the scientific lit-
erature that casts doubt or denies the validity of such
a mechanism.

To get a better idea of the biomechanical process-
es that occur in the bone according to supporters of
the “Bone-bending” theory, let us consider the sche-
matic figure nr. 1, which shows a longitudinal section
at the midline of a single-rooted tooth, including the
tooth, periodontium and the surrounding alveolar
bone.

In the surrounding tissues of a tooth moved with
an orthodontic appliance one distinguishes 2 sides:
the side that is aligned with the direction of the orth-
odontic force is called the pressure side and the op-
posite side is called the tension side.

The concepts of tension and compression, al-
though usually referring to the state of the peri-
odontal fibres, are also used in the ,Bone-bending“
[12,15].

According to this theory, on the pressure side the
bone, due to its elasticity, compresses and moves in
the direction of the acting force, while the bone on
the tension side is released from the tension of the
dental hard tissue and moves in the same direction.
The process on the tension side is called ,,shear ten-
sion“ and on the compression side is known as“shear
compression” [15].

The logical conclusion from the ,,Bone-bending®
theory can be made that in order to produce bone
bending, the orthodontically moved tooth should
produce some pressure
on the alveolar wall on
the side that coincides
with the direction of the
applied force.

This pressure, in turn,
should lead to the very
process of bone bend-
ing, followed by the pro-
cesses of modification of
the bone of the alveolar
bone, which should move
the tooth in the direction
of the applied pressure.

However, the current
literature suggests that
in orthodontic treatment
the bone on the ,pres-



OYeBUIHO TPeOyeTCst CKaTh 60MbLINIT 06BEM KO-

cTH;

2) yCKOpeHHe OPTOOHTUYECKOrO MepeMelleHms
3yba B CTOpPOHY 0ojiee TOHKOII KOCTH, KOTOpas
crubaeTcs erde;

3) yCKOpeHHe OPTOLOHTUYECKOrO MepeMelleHNms
3yba B CTOPOHY JIYHKM YAaZeHHOTro 3y6a, rfie
00beM KOCTY YMEHbIIIEH;

4) 6onee OGbICTPOE OPTOTOHTUYECKOTO IepeMelrle-
HIst 3y6a y fieTeil, y KOTOPBIX OTMEYaeTCs MEHb-
mas CTeleHb MUHepanusanuy OOJblas dIa-
CTUYHOCTD KOCTH [0 CPABHEHUIO CO B3POCTIBIMIL
Xotst Teopus crubaHMsA KOCTU MOXKET IIOKa3aThb-

Cs1 OY€Hb IIPUBJIEKATEIHOI [/Is1 OOBSICHEHMST MeXa-

HIM3Ma OPTOJOHTUYECKOTO IlepeMelleHrs 3y6oB, B

HAy4HOIT TUTepaType MOXKHO HATU yOeIUTETbHYIO

nH(OPMAIINIO, KOTOPasi CTAaBUT HOJ], COMHEHME WIN

OTpUIIAET COCTOATENPHOCTb TAKOTO MEXaHM3Ma.
I Toro, 4ToOBI Nydile IMpeACcTaBUTb cebe

OmoMexaHN4YeCKMe IIPOIIECChl, MPOUCXOAAIINE B

KOCTHOII TKaHJ [0 MHEHUI0 CTOPOHHVKOB TEOPUN

“crmbaHmsa” KOCTM, PACCMOTPMM CXeMaTUYeCKUi

PUCYHOK 1, M306paskalomnit IPOOIbHBIL Cpe3 Ha

YPOBHE CpefiHell 4acTy OFHOKOPEHHOT0 3y6a, BKIIIO-

YaIOIUIT caM 3y0, MePMONOHT 1 OKPYXKAOILIYI0 X

KOCTb JTYHKIL.

B oxpy’karommx TKaHs;xX 3y6a, IepeMeIaemMoro ¢
HOMOIIIBI0 OPTOOHTUYECKOTO aIapaTa, BBIE/SIOT
2 CTOPOHBI: CTOPOHA, COBIIA/IAIONIAs C HAIIPABIICHN-
€M JelICTBUA OPTOMOHTUYECKOI CMUJIbI Ha3bIBA€TCS
CTOpOHOII HaByeHust mnn oxatus (pressure side), a
IIPOTUBOIIO/IOXKHASA €l CTOPOHAa — CTOPOHOI HaT:-
>kenus (tension side).

[ToHATHs PACTSDKEHUS U CKATHs, XOTA U OTHO-
CATCsE OOBIYHO K COCTOSIHUIO BOJIOKOH IIEPUOJIOHTA,
TaK)Xe VICIONMB3YIOTCSI B TEOPUM “HATIPSDKEHMsI KO-
ctu” [12, 15].

CorlacHO ZaHHOI TeOPUI, HA CTOPOHE TaB/ICHs
KOCTb, 671arofiapst CBOeit 9MaCTUIHOCTH, CKUMAETCS
U OTOJBMIAETCA II0 HAINPABIEHUIO [EVCTBYIOLIEN
CUJIBL, B TO BpPeMs KaK KOCTb Ha CTOPOHE HaTsDKe-
HIsI OCBOOOXKIAeTCsI OT HAIPSDKEHUs] CO CTOPOHBI
TBePABIX TKaHel 3y6a I IIepeMelaeTcsi B TOM JKe Ha-
npasnenun. IIpu atom, mpouecc, IpouCXoAAIINIA Ha
CTOpOHE HATsDKEHMsI HOCUT HadBaHMe HATsDKEHUS CO
coBurom Koctu (shear tension), a Ha cTOpOHe CXa-
THST — COKatue ee co caBuroM (shear compression)
[15].

PyKoBOACTBYACH IPaBUIAMY U3 TEOPUY “HAIIPSI-
SKEHMA KOCTU , MOYKHO CJI€/IaTh JIOTMYECKIIT BBIBO],
9TO /YIS TOTO, YTOOBI IMPOU3BECTH CXKATME KOCTH,
HOBEPXHOCTDb KOCTM JIyHKU IIepeMeliaeMoro 3y6a Ha
CTOpOHe, COBIA/JAIONIEll C HATIPABIeHNEM OPTOJOH-
TUYECKOII CHJIBL, JO/DKHA MUCIIBITBIBATh JABJIEHIE CO
CTOPOHBI TBEP/bIX TKaHell 3y0a.

9To [1aB/IeHNe, B CBOIO OYepefib, JO/DKHO IIPUBO-
AUTb K TOMY CaMOMYy IIpolieccy crubanms (cxaTus)
KOCTHOIT TKaHM, 32 KOTOPBIM MOCTIEAYIOT IIPOLIECCHI
M3MEHEHsI KOCTY JIYHKH, CIIOCOOCTBYIOIIIIE IiepeMe-
I[eHIIO 3y0a B HAIIPaB/IeHNY OKa3aHHOTO [jaB/ICHIISL.

sure” side of tooth socket is not subjected to pressure.

The authors of the original research study ,,Strains
in periodontal ligament and alveolar bone associated
with orthodontic tooth movement analysed by finite
element® performed micro—-CT scans of human jaw
segments followed by the creation of high precision
electronic models [4].

Using the obtained models, Cattaneo et al. clearly
demonstrated the amount of pressure exerted by an
orthodontic tooth on the alveolar bone wall.

The digital image obtained as a result of the study
shows that an external force applied to the tooth in
the range of 50 cN and up to 250 cN (1 cN=1 g) can-
not cause any significant pressure on the alveolar
bone and only increasing the force to 400 cN leads to
significant compression of the alveolar bone (Fig. 2).

Considering the fact that the force required to
move a tooth in orthodontics usually does not exceed
150 g [20, 19], one can conclude that orthodontic
tooth movement is not related to the pressure exerted
by the tooth on the alveolar bone.

Another factor that puts Farrers theory into
question is the complete neglect of the effect of the
PDL on bone remodelling.

In 1965, Epker B.N. et al. in their original research
paper ,Correlation of bone resorption and forma-
tion with the physical behaviour of loaded bone“ [7]
described the phenomenon of tension and bending
of the alveolar wall bone on the side opposite to the
direction of tooth movement, i.e. on the side of peri-
odontal ligament tension.

The authors attributed this phenomenon specifi-
cally to the effects of the PDL tension on the alveolar
bone.

The theory of ,,bone tension® in turn fails to ex-
plain the mechanism of this process.

Biological Electricity Theory (syn. Bio-electric
Theory)

The theory was proposed by Basset and Becker
in 1962 [15].

The authors of this theory proposed that forces
compressing or straining the alveolar bone cause the
release of electrical signals that trigger the mecha-
nism of alveolar bone remodelling [15].

According to the theory of biological currents,
the pressure exerted by an orthodontically displaced
tooth on the alveolar bone leads to a change in its
crystalline structure [12,15,17], which is known to
produce electrical signals in the bone tissue.

The generated electrical signals, according to Bas-
set and Becker, lead to a change in the metabolism of
the alveolar bone and a specific cell differentiation
that will lead to tooth movement.

The sequence of events of orthodontic tooth
movement suggested by the authors of the theory of
biological currents is illustrated in figure 3.

The authors referred to the piezoelectric nature
of these signals [15, 17]. Therefore, the mechanism
of orthodontic tooth movement in this theory was
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Lingual

Puc. 2. lNonepeuyHblil cpe3 anbBeoNAPHOI KOCTU Ha yPOBHE NPOJONIbHOM OCU KIbIKa, K KOTOPOMY NPUNoXeHbl CUibl B 0paNbHO-
BeCTU6YNnApHOM HanpaBneHun BenuunHoii ot 0 Ao 400 cH (caHTuHbIOTOH). KpacHas CTpenka yKa3biBaeT HanpaBrneHue NpunoxeHHoi K 3y6y
cunbl. OTpuLaTeNbHble 3HaUeHNA Ha BEPTUKANbHOI LIBETHOI LKane COOTBETCTBYHOT YUacTKaM CAABNEHUA, a NONOXKUTENbHbIE — YYacTKax

pacTaxeHusa koctu [4].

Fig. 2. Cross—section of the alveolar bone at the level of the longitudinal axis of the canine, to which forces in the oral—vestibular direction
of 0 t0 400 ¢N are applied. The red arrow indicates the direction of the force applied to the tooth. Negative values on the vertical colour scale
correspond to areas of compression and positive values correspond to areas of bone extension [4].

Tem He MeHee, MMeIOIUECs B INTEPAType CBe-
JeHUsI JAI0T OCHOBAHIE IPEeAINoNararb, YTO KOCTb
JIyHKU Ha CTOPOHe “HaB/eHus1’ B YCIOBMAX OPTO-
JTOHTIYECKOTO JIeYeHMsI COOCTBEHHO [JABJIEHMIO HE
HOJIBEPraeTcsl.

ABTOpbI  OPUTMHA/IBHON  MCCTIE0BATETbCKOM
crarpy “Strains in periodontal ligament and alveolar
bone associated with orthodontic tooth movement
analyzed by finite element” mposenu Mukpo-KT cka-
HIPOBAHNE CETMEHTOB YeTOBEYECKUX UeTIOCTeNl C
HOCTIEAYIOIIVIM CO3/JaHMEM UX BBICOKOTOUHBIX 9/IEK-
TPOHHBIX Mofienelt [4].

C momompio momydeHHBIX Mogeneil Cattaneo
M COABTOPBI HAIIIAHO ITOKA3a/Iy, KaKoe [aBjIeHue
OKa3bIBAET OPTOJOHTIYECK ITepeMeIaeMblii 3y0 Ha
KOCTHYIO CTEHKY a/IbBEOJIBL.

Ha monmyueHHOM B pesyinbraTe MCCIELOBAHISI
9JIEKTPOHHOM I/[306pa)KeH]/H/I BIUITHO, YTO BHECIUIHAA
CIIa, IPWIOXKEHHAS K 3y0y B AManasoHe BeINYIH OT
50 cH Btots 1o 250 cH (1 cH=1

based on the piezoelectric effect occurring in the
bone and collagen structures of the periodontium.

The properties of piezoelectric signals include
(a) the rapid rate of decay, i.e. signals occur when a
force is applied but disappear rapidly thereafter, even
when the force is still active; (b) the product of an
equivalent oppositely directed signal when the force
is ceased [9, 14].

When some force is applied to a crystalline sub-
stance (such as bone and collagen fibres of the peri-
odontium), a current is generated with its rapid dis-
appearance (even though the applied force is still
acting on the tissue). At the moment when the ex-
ternal force ceases, the opposite current is generated
(Fig. 4) [17).

Thus, the piezoelectric effect is the result of elec-
trons moving through a crystal structure, which
changes its shape under the action of an external
force and returns it when that force ceases [15,17].

I), He CII0COOHA BbI3BaTh 3aMeT-
HOTO JIaBJIEHMsI CO CTOPOHBI 3y6a
Ha KOCTb Q/IbBEOJIBI, U TO/IBKO
HOBBILIEHNE BE/INIVHBI CHIIBI 1O
400 cH npuBOAUT K BBIPa>KE€HHO-
MY CHQBJIEHMIO KOCTHOI TKaHM
TyHKH (puc. 2).

[TpuHuMas BO BHMMAHNUE TOT
dax, 9To cuya, HeOOXOIMMAsT ISt
nepeMeltenns 3y6a B OPTOLOH-
TUY 0OBIYHO He TpeBbImaeT 150
r [20, 19], MOKHO 3aKJIIOYNTD,
YTO OPTOOHTMYECKOE IepeMe-

JlaBjenue Ha aJbBeOIPHYI0O KOCTh

€

Jedopmanusi KPHCTALIHYECKOH CTPYKTYPBI
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Fig. 3. Bioelectric theory of orthodontic tooth
movement [15].



1[eHVe 3y0O0B He CBA3aHO C OKa3bIBAHNEM [IaBICHMs
CO CTOPOHBI 3y6a Ha KOCTb a/IbBEOJIBI.

Eje onamnM GpakTopoM, KOTOPBII CTABUT TEOPUIO
dappepa 1oy, COMHeHNe, ABJIAETCS AOCOMIOTHOE UT-
HOPUPOBaHJEe CTOPOHHMKAMI TEOPUM BIUSHMA Ha
IIEPECTPOIKY KOCTHOV TKaHM CBA30K II€PUOJOHTA.

B 1965 roxy Epker B.N u coaBTopsI B cBoelt opu-
TMHAJIbHOI MCCIIefoBaTenbcKoit pabore “Correlation
of bone resorption and formation with the physical
behavior of loaded bone” [7] onucanu saBneHns Ha-
HPsDKEHNUS U CrubaHms KOCTI CTEHKM JTHKU Ha CTO-
pOHe, IPOTUBOIIONIOXHOI HAIPAaBICHNIO IepeMe-
1[eHVst 3y0a, TO eCTh Ha CTOPOHE HATSKEHNS CBSI30K
HePUOJIOHTA.

Takoit (eHOMEH aBTOPbI CTaThbyl CBA3BIBAIN
MMEHHO C BO3[IeJICTBUEM Ha KOCTb HATAHYTHIX BO-
JIOKOH IIePUOJIOHTA.

Teopust “HanpspKeHMst KOCT B CBOK OdYepenb
He CII0COOHa 00BSICHNTD MEXaHV3M 3TOTO IIPOLecca.

Teopus 6monornyeckux TokoB (cuH. Biological
Electricity Theory, 6uoanexrputdeckas Teopns)

Teopuro npemnoxxmnu Basset u Becker B 1962
rozxy [15].

ABTOpBI JaHHOI TEOPUM IPEHIIONIOXKWUIN, UTO
CUJIBL, [IaBslIMe Ha abBEO/LIPHYIO KOCTb MM Pac-
TATUBAIOLYE ee IPUBOJAT K BHICBOOOXK/ICHUIO S7IeK-
TPUYECKVX CUTHAJIOB, 3aITYCKAIOIINX MEXaHU3M IIe-
PecTpoliKM ambBeosIpHOI KocTH [15].

CormacHo Teopun OMONOIMYECKUX TOKOB, [aB-
JIeHNe, OKa3bIBaeMOe OPTOJOHTUYECKY TIepeMelrae-
MBIM 3yOOM Ha a/bBEOJLIPHYIO KOCTb, IIPUBOAUT K
U3MEHEHUI0 ee KPUCTA/IMYeCKOll CTPYKTypsI [12,
15,17], 4To, KaK U3BECTHO, IIPUBOAUT K BO3HUKHO-
BEHUIO 97IEKTPUYECKIX CUTHAJIOB B KOCTHOI TKaHIL.

O6pasoBaHHbIE 9MEKTPUYECKUE CHUTHAJBI, 110
mHeHuo Basset u Becker, mpuBopsaT K usMeHeHMIO
MeTabo/M3Ma aabBEOJISIPHON KOCTM U crerudude-
CKoIt KeTouHON auddepeHumanmm, KoTopas mpu-
BEET K IIepeMEILeHNIO

3yba. 1
IIpepnonaraemas
aBTOpaMu Teopun

OMOIOTMYeCKNX TOKOB

IOC/IeJOBATEIbHOCTD o

COOBITUII OPTOTOHTH-

4eCKOTO IepeMelleHNms

3y60B HarIAgHO 060-

3Ha4YeHa Ha PUCYHKe 3. o]
ABTOpBI TOBOPUIIN

006  mbe303NmeKTpIUe-

CKOJl IpuUpoje 3TUX

curhanos  [15, 17].

Charge

It has now been established that such properties
of piezoelectric signals ensure the maintenance of
the original shape of the alveolar bone during short-
term forces associated with physiological stresses on
the dento-alveolar system (during mastication, ar-
ticulation) [17].

However, the role of bioelectrical signals in bone
modification during active orthodontic treatment
has never been confirmed.

The continous force used in orthodontic tooth
moevement does not produce neither piezoelec-
tric nor other types of signals in the alveolar bone
[15,17]. As long as the force acting on the alveolar
bone remains constant, there is no change at the level
of electrical signals [17].

This theory is also opposed by the fact that the
use of appliances that exert a vibration effect on the
alveolar bone during active orthodontic treatment
has not produced any noticeable change in orth-
odontic tooth movement [17].

Pressure-Tension Theory (syn. Oppenheim the-
ory)

Scientists Sandstedt (1904), Oppenheim (1911)
and Schwarz (1932), having studied the changes in
periodontal tissues during tooth movement on a
histological level, proposed the idea that the tooth
movement in the periodontal space creates areas of
“pressure” and “tension” [9, 10, 12].

On the pressure side, the authors of the theory
detected a disorganization and reduction of fibrous
structures as well as vasoconstriction (Fig. 5) [9].

It is assumed that the local blood flow alteration
leads to a decrease in cell proliferation with an out-
come of inhibited fiber formation.

The microscopic picture on the pressure side is
characterized by a narrowed periodontal space, areas
of hyalinization and areas of alveolar bone resorption
(Fig. 5A) [12,17, 2, 3].

On the tensioned side,
stretching of the peri-
odontal ligament leads to
stimulation of cell divi-
sion. An increased prolif-
eration rate, in turn, leads
to an increased synthesis
of fibrous structures (12).

The microscopic pic-
ture on the tension side
is characterized by an
expansion of the peri-
odontal space, the for-
mation of new alveolar

CoOTBETCTBEHHO Me-
XaHM3M OPTOfJOHTUYE-
CKOrO  TIepeMeleHNs
3y60B B 3TOI Teopun
6a3nMpoBancs Ha IIbe-
3097IEKTPUIECKOM 3h-
(dexTe, BO3HUKAWOIEM

0 1 2 3
Seconds

Puc. 4. (BoiiCTBO Nbe303MeKTPIYeCKMX crHanos: On -npunoxenue
aunbl, Off — npekpateHue npunoxexHol cunbl [17]

Fig. 4. Properties of piezoelectric signals: On — application of force, Off

— cessation of applied force [17]

bone trabeculae extend-
ing towards the stretched
periodontal ligament in a
direction that coincides
with the direction of the
applied orthodontic force
(Figure 5B) [12, 17].
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Puc. 5. CaruTTanbHblii (pe3 Ha YpoBHe KIbiKa BEPXHelt YentocTu nocse 14 AHeli ANCTaNbHOrO HaKNOHHO-BPALLATENbHOTO NepeMeLLeHIs
(0Kpacka remaToKCUNuH-303MHOM). A. AnCTanbHaA yacTb KOpHA 3y6a (cTopoHa AaBneHus), B. me3nanbHas yacTb KopHaA 3y6a (cTopoHa
HaTAXeHuA): R — KopeHb 3y6a, P — nepuogoHTanbHble (BA3KN, B- anbBeonapHas koctb [9].

Fig. 5. Sagittal section at the level of the maxillary canine after 14 days of distal otipping movement (hematoxylin—eosin staining). A. distal part of
the tooth root (pressure side), B. mesial part of the tooth root (tension side): R — tooth root, P — periodontal ligament, B— alveolar bone [9].

B KOCTH 1 KOJUIAT€HOBBIX CTPYKTYpaxX NepPUOJOHTA.

CBoiicTBa  IIbE309TEKTPUUYECKNX  CUTHAJIOB
BKJ/IIOYAIOT: ) OBICTPYIO CKOPOCTD yracaHus, TO eCTh
CUTHAJIbl BO3HUMKAIOT HPU MPUIOXKEHUM CUIIbI, HO
OBICTPO MCYE3AI0T Cpasy IMOCIIe ITOTO, JaXKe B CIIy-
Yae, KOTJia CUJIa IPOJO/DKAET [IeliCTBOBaTh; b) mpo-
U3BefieHNe SKBMBAJIEHTHOTO CUTHA/IA MPOTUBOIIO-
JIO)KHOJI HAIIpaBJIeHHOCTY B CIydae IpeKpalleHys
mencTBusA cuibl 9, 14].

Korzma Hekast cuma mpuiaraetcsi K KpUCTaUumn-
YeCKOMY BeLIeCTBY (KaKuUMM SBIAIOTCA KOCTb U
KOJUIaTeHOBBIE BOJIOKHA II€PUOJOHTA) IIPOMCXOINUT
obpa3oBaHMe TOKa C ero OBICTPHIM MCUE3HOBEHUEM
(HecMOTps1 Ha TO, YTO MPUJIOKEHHAsI CUJIa BCe elre
HelICTBYeT Ha BellleCcTBO). B MOMeHT mpekpaleHus
IeVICTBYSI BHEIIIHET! CHIIbI IIPOVCXOANUT 0Opa3oBaHme
TOKa IIPOTHUBOIIONIOXXHOTO 3HaveHws (puc. 4) [17].

Takum o6pasom, mbe3osnekTpudecknit addekr
ABJIAETCS PE3Y/IbTATOM IepeMellleHNsI 3/IEKTPOHOB
[0 KPUCTA//INYECKOI pelieTKe, KOTOpasi M3MeHsIeT
cBOI0 (OpMY IOf IeVICTBMEM BHEIIHEN CUJIBL Y BO3-
BpalllaeT ee Ipy MpeKpalieHNN JEeMCTBIA 9TOM CUJIbI
[15,17].

B Hacrosllee BpeMs YCTaHOBJIEHO, YTO TaKle
CBOJICTBA IIb€303/IEKTPUYECKUX CHUTHANOB 0be-
CIIEeYMBAIOT TOJfiep)KaHre W3HAYaaIbHON (OpPMBI
QIbBEOJSIPHOI KOCTM BO BpeMsI JIeVCTBUS Ha Hee
KPaTKOBPEMEHHBIX CIUJI, aCCOLMUPOBAHHBIX C u-
3MOJIOTMYEeCKIMIL Harpy3KaMy CO CTOPOHBI 3y0ode-
JIIOCTHOY CUCTeMBI (BO BpeMs JXeBaHMs, apTUKY/LA-
uum) [17].

Tem He MeHee, pob OMO3IEKTPUYECKNX CUTHA-
JIOB B M3MEHEHUY KOCTHOI TKaHM BO BpeMsI aKTUB-
HOTO OPTO[JOHTUYECKOTO JI€YeHVs] TaK U He OblIa
MOfITBEPIK/IEHA.

ITocrosHHas cwa, VUCHONMb3yeMass HpPU OPTO-
DOHTUYECKOM IlepeMelljeHny 3y0a, He MPOU3BOINUT
IIbe303/IEKTPUYECKNX VI APYTOro TUIA CUTHAJIOB
B anbBeossipHON Koctu [15,17]. [lo Tex mop, moka
CIIa, IeVICTBYIONIAs Ha a/IbBEOJLIPHYIO KOCTh, OCTa-

Moshabab et al. in their review article [12] thor-
oughly investigated the biological factors influencing
orthodontic tooth movement according to pressure-
tension theory, arranging them into a table (tab. 1).

Tab. 1. Factors affecting tooth movement according
to Pressure—Tension theory. [12]

Factors affecting tooth movement Pressure side Tension side

Increases
Increases
Decreases
Increases
Increases

Decreases
Decreases
Increases

Decreases
Decreases

Blood flow

Oxygen level
Carbon dioxide level
Cell replication
Fiber production

Schwarz further developed the “Pressure-ten-
sion” theory by indicating the relationship between
the response of the periodontal tissues to different
values of orthodontic force and the pressure in the
periodontal capillary bed.

He concluded that the forces acting on teeth dur-
ing orthodontic treatment should not exceed the
pressure of the periodontal capillary bed (20 — 25 g/
cm?2 of the root surface of the moved tooth) [9].

The application of forces exceeding this pressure
leads to physical contact of the tooth with the alveo-
lar bone, leading to cementum resorption and un-
dermining resorption or hyalinization of the alveolar
bone at the pressure sites [9].

The main basis for the Pressure-tension theory
has always been histological studies of the surround-
ing tissues. The basic principle of this theory is that
changes in the width of the periodontal space cause
changes in the number of periodontal and alveolar
bone cells and their activity [6, 9].

Cellular changes should in turn lead to bone re-
modeling.

For instance, periodontal stem cells are thought to
differentiate into osteoclasts at sites of PDL pressure
and into osteoblasts at sites of PDL tension, causing
bone resorption and opposition, respectively [6].

According to the proponents of the classical Pres-
sure—tension theory, the biological response of the



€TCSl IIOCTOAHHOM, HUKAKIX M3MEHEHNII Ha YPOBHE
9NEKTPUUECKIX CUTHAJIOB He IIPOMCcXoaurt [17].

IIpoTuB JaHHON TEOPUM BBICTYIAET TaKXKe TOT
(baKT, YTO WCIONb30BAHNE ANIAPATOB, OKAa3bIBAIO-
X BOpPAIJMOHHOE BO3JENICTBIE Ha a/lbBOAPHYIO
KOCTb BO BpeMsI aKTMBHOTO OPTOJJOHTHYECKOTO Jie-
YeHMs, He TIPUBEJIO K 3aMETHBIM M3MEHEHNSM B Op-
TOJJOHTUYECKOM IlepeMeleHnn 3y6os [17].

Ecnu 6bl 1b3039/IeKTpUYeCKIe CUTHAMBL IIPUBO-
muiu 6B K PEMONENVMPOBAHUI0 KOCTHON TKaHM BO
BpeMsi OPTOIOHTUYECKOTO IlepeMelieHust 3y6oB,
BUOpAIMOHHOE BO3JEIICTBME HA KOCTb a/bBEOJIBI
IO/DKHO ObII0 6BI IPUBORUTH K 60/mee OBICTPOIL TIe-
pecTpoliKe KOCTHOM TKaHM.

Emge B 1979 Shapiro u coaBTOpBI MCIIONB30BAIN
B CBOEJT OPUTMHAIBHOI MCCIe0BaTeNbCKON paboTe
“Orthodontic movement using pulsating force-in-
duced piezoelectricity ” [17] Bubparun mis npous-
BeJIeHNs TIbe309/IEKTPUYECKIX CUTHATIOB BO BpeMs
OPTOOHTUYECKOTO JIEYEHUSL.

Pesynmprarhl MCCIENOBaHMA MOKas3aaM OTCYT-
CTBUE MU He3HAYNTE/IbHbIE IBMEHEHVsI B CKOPOCTH
HepeMelieHus 3y60B.

XoTst MHTepec K TeOPMM AKTUBHOTO YIACTI Ibe-
309/IeKTPUIECKUX TOKOB B OPTOJOHTUYECKOM Iepe-
MelleHN 3y60B CHOBA BO3POC B 21 Beke, 10 CUX IOP
He BbIABIEHO 3aMETHOTO YIYUIIeHsI OPTOJOHTIYe-
CKOTO JIeYeHNsI [IPYU TeHePUPOBAHNM NIEKTPUIECKIUX
curHanos [17].

Teopus paBneHusA-HaTsDKeHus (cuH. Pressure-
Tension Theory, Oppenheim theory)

Yuensle Sandstedt (1904), Oppenheim (1911) u
Schwarz (1932), n3y4unB usMeHeHNs B TKAHAX Iapo-
[IOHTa IIpY IepeMeleHny 3y60B Ha TMCTOMOTMYe-
CKOM YPOBH€, BBIIBIHY/IV TUIIOTE3Y O TOM, 4TO 3y0
IlepeMellaeTcsl B ePHOZOHTATIBHOM POCTPAHCTBE,
co3fiaBasi B [IOC/IE[IHEM CTOPOHY “HaBleHus U “Ha-
Tsokenns” [9, 10, 12]

Ha cTopoHe fjaB/ieHysi aBTOPbI TeOPUY BBISIBUIN
[e30PTaHN3alMI0 ¥ YMEHbIIEHNI0 CHHTe3a BOJIOK-
HICTBIX CTPYKTYP 1 Cy>KeHue cocyros (puc. 5) [9].

I[Ipenmonaraercsi, YTO MECTHOE CHIDKEHUE KpO-
BOOOpaIljeHIsI IPUBOANUT K YMEHBIIEHNIO KIeTOY-
HOIT Ipoymdepanm, UCXOJOM Yero U SIBJIsIeTCs H-
rubupoBaHne 06pa3oBaHNs BOTOKOH.

Muxpockomdeckas KapTuHa CTOPOHBI [jaBJie-
HJsl XapaKTepu3yeTcsi YMeHbIIeHNeM IepUOJOH-
TAJIHOTO IIPOCTPAHCTBA, HAMNYMEM 30H TMa/IVHU-
3aLMU ¥ YIACTKOB Pe30pOLINY aIbBEOTISIPHON KOCTI
(puc. 5A) [12, 17, 2, 3].

Ha cTOpoHe HaTsDKEHMsI pacTATMBAHUE CBSI30K
[IePMOIOHTA IPUBOANT K CTUMY/IMPOBAHNIO K/I€TOY-
Horo peneHus. IToBbIIEHHAs CKOPOCTH Mposmide-
paryu, B CBOK OdYepefib, IPUBOAUT K yBETUYEHNIO
CMHTe3a BOIOKHUCTBIX CTPYKTYp [12].

Muxpockomdeckass KapTWHa CTOPOHBI HaTs-
JKEHUSI XapaKTepU3yeTCsl yBelNuIeHNeM IIepUOfOH-
TQJIbHOTO IIPOCTPAHCTBA, O0Opa3sOBaHMEM HOBBIX
TpabeKy/ albBEO/SIPHOIN KOCTY, BBITATMBAIOLINXCS

periodontal tissues to orthodontic forces involves
several successive steps.

The biological response on the pressure side in-
cludes:

1) pressure on the local capillary bed, alteration

for blood supply,

2) death of periodontal cells at the site of pressure
(area of necrosis, or hyalinization),

3) resorption of the necrotic, or hyalinization,
areas by macrophages, undermining bone re-
sorption by osteoclasts around the hyaliniza-
tion areas (occurring simultaneously) [8, 9].

The biological response on the tension side in-
volves a process of bone opposition involving the
formation of mature osteoid (or type I collagen ma-
trix) by osteoblasts followed by mineralization of the
osteoid with the formation of mature bone [8].

It is important to note that, according to the clas-
sical “Pressure-tension” theory, tooth movement
is achieved by the formation of zones of cell death
(hyalinization) followed by their elimination by mac-
rophages [8].

In his histological studies Reitan pointed out that
hyalinization of the alveolar bone is the formation
of cell-free areas in the periodontium that have lost
their normal structure. Reitan also found that hya-
linization processes occur in the periodontium even
when light orthodontic forces are applied [8].

However, it is now known that although hyalin-
ization occurs in all orthodontic tooth repositioning
[6, 8, 9], it is not the only or primary process respon-
sible for bone resorption on the pressure side.

According to the more recent studies, osteocytes are
actively involved in the processes of local resorption dur-
ing orthodontic tooth movement, perceiving mechani-
cal pressure and triggering a cascade of biological reac-
tions collectively called the “OPG-RANKL pathway” [3,
7, 15], which leads to active local bone resorption.

In addition, it is now known that the inflammatory
process [11, 15], in which cells migrate from the blood-
stream into the periosteal tissue, plays a significant influ-
ence on bone remodeling at pressure and tension sites.

The result of the action of these cells represents an-
other pathway for the activation of cell resorption and
opposition specific to orthodontic tooth movement.

Conclusions

1. A retrospective review of the specialist litera-
ture regarding the understanding of the mechanism
of orthodontic tooth movement shows a long-stand-
ing research interest in this topic.

In spite of this, the first plausible hypotheses for
the possibility of orthodontic tooth movement were
only proposed at the beginning of the 19th century.

The first historical breakthrough in the under-
standing of the biological processes underlying me-
chanical tooth movement was the development of
new laboratory research methods, the most important
of which were light microscopy, electron microscopy,
in vitro cell culturing, and radiography [18]. This en-
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B CTOPOHY HATSHYTBIX CBSI3OK IIEPUOJIOHTA IO Ha-
IpaBJIeHNIO, COBIAMAIOIIEMY C HAIIPABICHUIO IPU-
JIO)KEHHOI OpPTOJOHTMYECKOI cmmpl (puc. 5B) [12,
17].

Moshabab n coaBTOpSI B cBO€Tt 0630pHOI CTaTbe
[12] tufatenpHO M3yumnm OGuonorudeckue (akro-
PbL, BAMAIOLINE Ha OPTOJOHTUYECKOE IIepeMellieHe
3y00B, COIZIACHO TEOpUM ‘[aBIEHVSI-HATSDKEHUS ,
CIPYNIMPOBAB UX B Tabmuiy (Tab. 1).

Ta6. 1. buonoruueckue pakTopbl, BINALLME HA OPTOAOHTUYECKOE

nepemetueHie 3y6os [12]
buonornyeckue CropoHa CropoHa
(daKTopbl AaBneHus HaTAXKeHUs
KpoBocHabxeHue YMeHblLeHue YBennuenue
YpoBeHb Kucnopoza YMeHblLeHue YBennuenue
YpoBeHb yrnekncioro raza YBenuuenue YmeHblueHne
CKopoCTb KNeTouHol YMeHbLLeHne YBenuueHue
nponudepaumun
CKopocTb 06pa30BaHMs YMeHbLLeHne YBenuueHue
BONOKHUCTBIX CTPYKTYP

Schwarz B pmanbHeitieMm eife Oonbliie pasBuUI
TEOpMI0 “MaBlIeHNsI-HATsDKEHMST, 0003HAYMB CBS3b
MEX[y peaklyeil TKaHeil ITapOJjOHTa Ha pas/IN4HbIe
BEJIMYMHBI OPTOJIOHTUYECKON CUJIBI U JIaBlIeHUe B
KaIJULIPHOM pYyC/ie IIEPUOLOHTA.

ITpoBens pacyeThl, YYeHBI NPUIIET K BBIBOLY,
YTO CWJIbL, JEVICTBYIOLIVE Ha 3yObl BO BpeMs OpTO-
TOHTUYECKOTO JIEI€HISI He JIO/DKHBI ITPEBBIIIATH /JaB-
JIeHMA KaIlWULAPHOTO pycia nepuopoHTa (20 — 251/
cM? [IOBEPXHOCTY KOPH: IlepeMeliiaeMoro 3y6a) [9].

[TpunoxkeHme Cuj, MPEBBILIAMIINX ITO JaBie-
HIle, IPUBOANUT K (GU3MYECKOMY KOHTAKTy 3yba
Q/IbBEOJISIPHON KOCTBIO, TIPUBOJISL K pe30pOIun 1ie-
MeHTa U TOJ[PhIBAIOIIEN Pe30pOIM WIN THATUHY-
3aUMM aJIbBEOISIPHON KOCTI B MeCTax faBjeHus [9].

[1aBHOJI OCHOBOJI TeOopuUM “HaBleHMsI-HATsXKe-
Hust” BCerma ObUIM TUCTOIOTUYECKIE UCCIENOBAHIS
OKPY>KaIOLIMX 3y0 TKaHeIL.

OCHOBHOJI IIOCTY/IAT NAHHOM TEOPUM ITIACKT,
YTO M3MEHEeHMsI IIVPUHBI EePUOJOHTANIBHOTO TIPO-
CTPAHCTBA BbI3bIBAET NU3MEHEHNS B KOMMIECTBE KITe-
TOK IIEPMOJIOHTA U a/IbBEOISIPHON KOCTH, & TAKXKE UX
aKTUBHOCTH [6, 9].

KreTouHble M3MeHeHsI JOTDKHBI B CBOIO OUEPefb
MPUBOJUTH K PEMOJIETMPOBAHIIO KOCTHON TKaHMU.

Tak, mpefnonaraeTcs, YT0 CTBOJIOBbIE KIIETKM I1e-
profonTa AuddepeHINPYIOTCS B OCTEOK/IACTBI B Me-
CTax JIaBJIEHNS U B OCTEOO/IACTHI B MECTAX HATSDKEHVIS
CBSI30K IIEPUOJIOHTA, BHI3bIBASI SIB/IEHVS Pe30pOIMN 1
OIIITO3UIVY KOCTHOI TKaHU COOTBETCTBEHHO [6].

CoracHO CTOPOHHUKAM KJIaCCUIEeCKON Teopun
“IaBleHN-HATSDKEHMS . OMOMOTMYECKIIT OTBET OKO-
JI03YOHBIX TKaHelT Ha OPTOOHTIYeCKIIe CUIIBI BKIIIO-
YaeT HECKOJIbKO IOC/IEOBATE/IbHBIX 9TATIOB.

Buonornyecknit OTBET HA cMOpPoHe 0a6neHUs
BKJIIOYAET:

1) naBneHMe Ha MeCTHOe KaNMLIPHOE JIOXe,

HapylIeHye KpOBOCHAOKeHN,

abled researchers at the beginning of the 20th century
to actively carry out histological studies of the peri-
odontal tissues during the induced tooth movement.

The most important results of these studies in-
cluded the following discoveries:

— resorption and opposition processes underlie
tooth movement (1904—1905 Carl Sandstedt)

— The response of the periodontal tissues to
orthodontic treatment depends on the magnitude of
the force applied, the type of tooth movement and the
individual characteristics of the body (Reitan, 1950).

The results of molecular studies in the 1970s con-
cluded that orthodontic forces applied to the teeth
were associated with stimulation of cellular and mo-
lecular activity in the periodontal tissues [18].

A significant event in the development of un-
derstanding of the OTM mechanism was the 1991
article “Tooth Movement” in which Davidovitch Z.
made a critical analysis of the evolution of the bio-
logical basis concept of orthodontic tooth movement
and described in detail most of the known biological
processes known at the time [18].

It became clear from Davidovitch’s article that
orthodontic tooth movement is not only character-
ized by histological changes in the periodontal tissues,
but also by active cellular and molecular reactions, as
well as the involvement of the nervous, immune and
endocrine systems of the body in these processes.

Later, Davidovitch along with Krishnan pub-
lished 2 more review articles [12, 13], in which they
further expanded the understanding of the process of
orthodontic tooth movement, while separately cov-
ering the reactions taking place in the hard (alveolar
bone), soft (periodontium) tissues as well as in the
local nervous and vascular system.

Both articles are still relevant today and can be
actively used by orthodontists as an introduction to
the biological basis of orthodontic tooth movement.

2. The analysis of the theories of orthodontic
tooth movement brings us to the conclusion that
the most important ones are 3: the Bone-bending
theory, the Biological Electricity theory and the Pres-
sure-tension theory.

An analysis of all three major theories confirms
that none of them can fully and comprehensively
explain the mechanism causing tooth displacement
during orthodontic treatment.

Each of them focuses on and convincingly explains
the individual pathways that, to a greater or lesser ex-
tent, trigger the biological changes necessary for tooth
movement, while omitting the possibility of others.

Most researchers and, to an even greater extent,
practicing orthodontists favor the “Pressure-ten-
sion” theory.

It should be kept in mind that although the main
points of the classical theory of tooth movement
mechanism proposed by Oppenheim et al. are still
valid, the current concept of the pressure-tension
theory is the result of constant modifications and ad-
ditions to the original version [12, 18].



2) rubenb KIETOK IEPUOJOHTA B MECTaX AaBie-
HsA (Y4aCTOK HEKPO3a, MIN THaTMHI3ALVN),

3) pesopbuusi y4acTKOB HEKpO3a, WIN TUajIN-
HM3aIVM, Makpodaramy, MHOApPBIBAIOIIAs
pe3opbiust KOCTY OCTEOK/IACTaMMU BOKPYT
YIaCTKOB IMaMMHM3aLN (IIPOMCXOAAT OTHO-
BpeMeHHO) [8, 9].

buonornyecknit OTBET Ha cMopoHe HAMANEHUS
BK/IIOYAeT MPOLIECC KOCTHOI ONMMO3UINY, MPEJIIo-
Jaramiuii o6pasoBaHue 3penbIMu 0cTeobmacTaMu
ocTeonfa (WIM KOJUIAr€HOBOro Marpukca I Tuma) ¢
HOCTIeAyollell MyHepanusanmeil octeonsia ¢ obpa-
30BaHMeM 3pesoit Koctu [8].

Ba)xHO OTMETUTD, YTO, COIIACHO KIACCUYECKOI
TeOpuy, ‘HaBIEHUA-HATSDKEHMs1  [epeMelleHIe
3yba mpoucxogut Omaromaps 06pasoBaHMIO 30H
KIeTOYHOI Tubem (TMaaMHM3aLNM) C MOCTIenyio-
1[elt X SMMMIHALIEN Makpodaramu [8].

B cBOMX THMCTONMOIMYECKMX WCCIEHOBAHUIX
Reitan ykaspiBajl, YTO I'MaJIMHM3ALKA AJIbBEONIAP-
HOJI KOCTU TIpefcTaBisieT coboii obpasoBanme bec-
K/IETOYHBIX O0/IacTell B MEPUOMOHTE, YTPATUBIINX
CBOI0 HOPMA/IBHYIO CTPYKTYPY. Reitan Taxxe 06Ha-
PY>KUJI, ITO MPOLECCh TMATMHU3ALNY TPOUCKOTUT
B IIEPMOJOHTE JaXKe IpU IPUMEHEHNN HeOONbIINX
OPTONOHTMYECKUX CUI [8].

Tem He MeHee, B HacTOsllee BpeMs M3BECTHO,
YTO, XOTS I'Ma/IMHU3ALNSA U IPOUCKORUT IIPHU TI060M
OPTONOHTMYECKOM IepeMerteHnu 3y6oB [6, 8, 9],
OHa He SIBJISIeTCS eAMHCTBEHHDBIM JJIM OCHOBOIIO/MA-
ralolM IIPOLeccoM, 06ecedNBaIOIM KOCTHYIO
pe3op61iiio Ha CTOPOHE JaB/IeHNSL.

CormacHo 6oree HOBBIM MCCIEIOBAHWUSAM, aK-
TMBHOE y4YacTye B IIPOLeccax JOKalIbHOI pe3op6-
UM TPY OPTOJOHTUYECKOM IepeMelleHnu 3yOoB
HPYHUMAIOT OCTEOLNTHI, KOTOPble BOCIPUHMMAIOT
MeXaHMYecKoe JaBJeHMe, 3alycKas Kackaj 61oso-
TUMYeCKMX peakumit mop obimum HasBaHueMm “OPG-
RANKL pathway” [3, 7, 15], npuBOAAIINII K aKTUB-
HOI1 JTOKaJIbHO Pe30pOII KOCTHOI TKaH.

Kpowme Toro, B HacTosiIIee BpeMst U3BECTHO, YTO
3HAYMTENbHOE BIMAHME Ha IEPECTPONKY KOCTHOI
TKaHU B MECTAX JIaB/IeHIs M HATsDKEHMsI UTPaeT BOC-
HaUTeIbHBIIN Ipotecc [11, 15], mpu KoTopoM mpo-
MCXOIUT MUTPALVsE KTIETOK U3 KPOBEHOCHOTO pyCiia
B OKO/IO3yOHbIE TKAHIL.

PesynbraT fieiicTBMA STUX K/IE€TOK IIPENCTaB/IAET
c0607t IPyTOlt Iy Th AKTUBUPOBAHNS K/IIETOYHOII pe-
30pOLMM U OIIIO3ULINH, CIIEN(UIECKOIT /It OPTO-
TOHTHUYECKOTO TIepeMeleHNs 3y60B.

BbiBOAbI

1. PeTpoCleKTUBHBII aHa/IN3 CIELaJIbHO I1-
TepaTypbl, KacalIIMiICA NOHMMAHMA MeXaHNU3Ma
OPTOJOHTMYECKOTO IIepeMeleHNsT 3yO0B, MOKa3bl-
BaeT IaBHUII MHTEPEC UCCeN0BaTeNel K 3TOI TeEMe.

Hecmotpst Ha 37O, mepBble IpaBAONOfOOHbIE
TUIIOTE3Bl BO3MOXKHOCTU OPTOLOHTMYECKOTO Iepe-
Mell[eHVs1 3y60B ObUIN BBIIBUHYTHI TOJIBKO B Havasie
19 Beka.

[TepBBIM MCTOPUYECKUM IPOPHIBOM B IOHMMA-
HMM OMONOTUYECKUX IIPOIIECCOB, JIKALIMX B OC-
HOBE MEXaHNYeCKOro IepeMeleHNst 3y60B, CTamo
HOSIB/ICHVIE€ HOBBIX TA00PATOPHBIX METOJIOB HCCIIe-
[OBaHMs, BKHEIIIMI U3 KOTOPBIX sBJI/INCH CBe-
TOBas MUKPOCKOIMNsI, 37IEKTPOHHAS MUKPOCKOINS,
K/IETOYHOE Ky/IbTMBMPOBaHME in Vitro, pajguorpa-
¢ust [18]. ITO MO3BONNMTIO MCCIEROBATENAM Hadasa
20 BeKa aKTMBHO IIPOBOJMTDH I'MCTOJOTMYECKME UC-
C/IefloBaHsI OKOTIO3YOHBIX TKaHell BO BpeMst UCKYC-
CTBEHHOTO IIepeMellleHNs 3y00B.
Baxnerimme pesynbTaThl STUX MCCIELOBAHNIA
BKJIIOYQ/IN CIEAYIOLVIe OTKPBITIS:
e B OCHOBe IlepeMelleHNs 3yOa Iexar mpolec-
cbl pe3op6bumu n onmosuruu (1904—1905 rr.
Carl Sandstedt)

e OTBeT OKO/IO3YOHBIX TKaHEll Ha OPTOLOHTHU-
4eCKOe BO3[Ie/ICTBUE 3aBUCUT OT BETUMYNHBI
CIJIBL, TUIIA TIepeMellieHus 3y6a U MHIUBUAY-
a/IpHBIX ocobeHHOCTel opraHusma (1950 rr.
Reitan)

PesynbraThl  MONEKYNAPHBIX — MCCIIEJOBAHNIA
1970-X rofoB IpuBeNIM K BBIBOAY O TOM, YTO OPTO-
MOHTUYECKNe HAarpyskyu Ha 3yObl COIPSDKEHBI CO
CTUMY/IMPOBaHMEM KJI€TOYHONM U MOJIEKY/IAPHON
aKTUBHOCTY OKOJIO3yOHBIX TKaHel1 [18].

Baxueiimm cobbITVeM I PasBUTHSA IIOHMU-
MaHua MexaHmsmMa OTM crama BbINylleHHas B
1991 romy crartes “Tooth Movement’, B KOTOpOI
Davidovitch Z. mpoBen xpuTudeckuit aHamus 3BO-
JIOLUM KOHIIENTa OUOMOTMYECKMX OCHOB OPTO-
TOHTMYECKOTO IepeMelleHNsi 3y00B U MOZPOOHO
omycan OGONbUIMHCTBO M3BECTHBIX OMOMTOTMYECKNUX
[IPOIIECCOB, M3BECTHBIX Ha TOT mepuoy [18] .

W3 crarpu Davidovitch ctano sicHo, uto mst op-
TOJJOHTHYECKOTO MepeMelleHrst 3y60B XapaKTepHbI
He TOJIbKO T'VMICTONIOTMYECKIIe I3MEHEeHNsI OK0/I03y6-
HBIX TKaHell, HO I aKTUBHbIE KJIETOYHBIE 1 MOJIEKY-
JIIPHBIE peaKINy, a TAK)Ke yJacTye B 9TUX Mpoljec-
caX HEPBHOJ, MMMYHHOI 1 9HJOKPMHHO CUCTEMbI
OpraHmsMa.

ITosxxe Davidovitch coBmectHO ¢ Krishnan eme
2 o63opHble cTaTbyt [12, 13], B KOTOPBIX aBTOPBI
eiie GObllle PACHIMPUIN TIPEACTABICHUS O MPO-
I[ecce OPTOJOHTUYECKOTO MiepeMellieHIst 3y0O0B, IpK
3TOM OT/ETIBHO OCBelllasl PeaKI[ui, IPOUCXOIIIe
B TBepABIX (a/bBeO/sIpHAs KOCTh), MATKUX (mepu-
OfIOHT) OKO/IO3YyOHBIX TKAHSX, @ TAK)Ke B MECTHOII
HEPBHOJ I COCYIUCTO CETH.

O6e cTaThy He IOTEPSUIN CBOETO 3HAYEHNA U [0
HACTOSAIIEr0 BPeMEeHNU ¥ MOTYT aKTUBHO VCIIOJIb-
30BaTbCSl Bpa4aMU-OPTOJOHTAMU [/IsI 3HAKOMCTBA
C OMONOrMYeCKMMI OCHOBAMM OPTOOHTUYECKOTO
mepeMerteHst 3y60B.

2. VIsyyenue teopuii MeXaHU3Ma IepeMel|eHNs
3y60B BO BpeMs OPTOZOHTUYECKOTO JIeUeHUs Ipu-
BOAUT K BBIBOAY O TOM, YTO BaXKHEMINMMMU M3 HUX
SBJISIIOTCSL 3: TEOpPUs HANPSDKEHWUS KOCTU, TEOPHs
OMOJIOTMYeCKMX TOKOB 1 TeOPUs AaB/IeHNUS-HATsDKe-
HISL

(9]
w

e

Ortodont

J



154

AHanu3 BCeX TpeX OCHOBHBIX Teopuil ybexmaer
B TOM, 4TO HIU OJjHA 13 HUX He MOXXET HOTHOCTHIO 1
BCECTOPOHHE OOBACHUTD MEXaHNU3M, 00yC/IaBnmBa-
IOLUIT TlepeMellieHIe 3yO0B IPY OPTOJOHTHYECKOM
JIe4EeHNN.

Kaxas us HMX OCTaHaBNIMBAETCSA U yOemuTeNnD-
HO 0O'BsICHACT OT/e/IbHbIE Ty TH, KOTOPBIE, B TOI W/IN
MHOII CTEeIIeHN 3aITyCKAI0T HeOOXO[MMbBIe AJIsS Tepe-
MelleH1st 3y0OB 61MOTOrMYecKre M3MEHEHUII, B TO
Ke BpeMsl YIIyCKasi BO3MOXXHOCTb HA/TMYUS IPYTUX.

BONpIIMHCTBO UCCIENOBaTeNel U, B elle OO0Jb-
mieii Mepe, NPAKTUKYIOLIMX OPTOLOHTOB OTHAIOT
IpEeAIIOYTEHIIE TEOPUN “[aB/IEHNUA-HATSDKEHS .

ITpy 5TOM HY)XHO IMETb B BUJY, 4TO, XOT5I OCHOB-
Hble MOMEHTBI KJIaCCUYeCKOil TeOpuM MeXaHM3Ma
nepemMelieHns 3y6os, npennoxenHas Oppenheim
U COABTOpPAMU, IO CUX IOp He YTPaTUIU CBOETO
3HAYEHNs, COBPEMEHHOE IIPefiCTaBIeHNe O TeOpUn
“IaBrIeHMe-HATsDKEHNUsT SIBJIAETCS Pe3Y/IbTaTOM He-
OJJHOKPATHBIX M3MEHEHMII Y [NOIO/IHEHNII TIepBOHA-
vajpHOI Bepcuu [12, 18].
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