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NMAPOOOHTAJTIHU CJTYHYBAHA
MNP OPTOOOHTCKU ABUXKEHA HA
3ABUTE PEBUJAJIEH NPUKA3

LlaHa AMena.

AMNCTPAKT

Ien. [la ce mocoyar GHOJOIKUTE CTydyBarba BO Ia-
POZIOHTa/THUTE TKHBa KaKO OZIrOBOP Ha OPTOJOHTCKUTE
CWIY aluIMLMpaHy TIPU pelllaBake Ha Ofpe/leH! Ma-
JIOKJTY3UH.

Marepujan u meroj. CripoBefieHO e e/leKTPOH-
CKo mpebapyBame Ha TpPyHoOBU o7 Oa3zara Ha moja-
tort PubMed co knyunu 36o0poBu: periodontitis,
orthodontics forces, soft tissue changes, bone changes,
objaBeHW Ha aHMIMCKY jasuK. IIpenBus Gea 3eMeHH
peBUjaTHU TIperyiefii, OpUruHaIHNA KIMHUUKU WCITH-
TyBama ¥ KOMIapaTUBHU CTYIWU. VIHIUPEeKTHO KopHcC-
TeHW ce Oubmorpad)cku MaTepHjanu LUTUPAHU BO
TpyznoBuTe of aBTopure: Feller L, Yu Gyung Kim,
Angelina Gorbunkova 1 Nan Jiang.

Pesynararu. [TapogoHLMYMOT BO LIeJIOCT, 8 HajMHOTY
TepUOJOHLIMYMOT U ajiBeoslapHaTa KOCKa Ce TKHBaTa BO
KOU Ce C/TyuyBaaT MHOILITBO [1aTOreHeTCKA MeXaHHU3MHU
TIpY OPTOJJOHTCKO JIBIDKEH:€ Ha 3abuTe. TekoBHATa JIM-
TepaTypa M300M/TyBa CO TIO/IaTOIM KOU yKa)KyBaaT Ha
TPOMeHU BO MeKUTe U TBPJUTe TKUBHU CTPYKTYPU Ha
MapofoHTOT. OMuIllaHK Ce MPUUYUHUTE U MOCIeJULIU-
Te Of] IpMMeHa Ha OPTOJOHTCKA CH/ia Bp3 TMHIUBATa
(3rosieMyBame, MHBarMHalyja u perjecuja) Kako MO>KHU
cocToj6u. JIUCKyTHpaH! ce OUOIOIIKHUTe TPOMEHH BO
TepUOJIOHIIMYMOT U ajiBeoapHaTa KOCKa, aKTUBHOCTA
Ha ocTeobnacTuTe v octeoknactute. [10TBpZEHO e ieka
KJIy4HHUTe e(heKTH BO JIBIDKEH-€ Ha 3ab1Te ce MoThipaar
Ha aKTUBHOCTA U JudepeHirjarmjata Ha prubpobiacTu-
Te, 0CTe00MacTHTe U CTEOK/IACTHUTe KO 1e(PMHUTHBHO
yuecTBYyBaar BO peMo/ielipa-e Ha KocKara 1 KopeKLivja
Ha OTCTalyBameTO BO MT0CaKyBaHaTa Mo3uLyja.

3aky4ok. OpTOZOHTCKA CHJIM CBOjaT aKTUBHOCT
ja peanmusupaar mpeky OpOjHU TOCPEJHUIA KOU Ce
ocso00/1yBaaT ofi KIeTOUHUTE CTPYKTYPH (€H3UMH,
MMP-2) u apyru npoviH¢iaMaTOpPHU WX OCTEOTeHU
(hakTOpH, KOM ' TIOTTUKHYBAaaT MMPOL|eCUTe Ha peMo-
Jlejlalyja [1IaBHO BP3 I€PUOJOHTA/THUOT JIMTAMEHT U
a/iBeoJlapHara KOCKa.

Knyunu 36opoBu: periodontitis, orthodontics
forces, soft tissue changes, bone changes,

PERIODONTAL DEVELOPMENTS
DURING ORTHODONTIC TOOTH
MOVEMENTS- REVIEW

Cana Amella

ABSTRACT

Aim: To point out the biological developments in the
periodontal tissues in response to the orthodontic forc-
es applied in solving certain malocclusions.

Material and method: An electronic search of
papers from the PubMed database was conducted
with keywords: periodontitis, orthodontics forc-
es, soft tissue changes, bone changes, published in
English. Reviews, original clinical trials, and com-
parative studies are considered. Indirectly are used
bibliographic materials quoted in the articles of the
authors: Feller L, Yu Gyung Kim, Angelina Gorbun-
kova and Nan Jiang.

Results: The periodontium as a whole, and es-
pecially the periodontal ligament(PDL) and the al-
veolar bone remain the tissues in which a numerous
of pathogenetic mechanisms occur during orthodon-
tic tooth movement. The current literature abounds
with data indicating changes in the soft and hard tis-
sue structures of the periodontium. The causes and
consequences of the use of orthodontic force on the
gingiva (enlargement, invagination and recession)
are described as possible conditions for orthodon-
tic tooth movement. Biological changes in the peri-
odontal ligament and alveolar bone are discussed,
the activity of osteoblasts and osteoclasts and all
responsible mechanisms that participate in each tis-
sue separately are pointed out as well. It has been
confirmed that the key effects in the movement of
the teeth rely on the activity and differentiation of
fibroblasts, osteoblasts and osteoclasts that definitely
remodel the bone and correct the present deviations
to the desired condition.

Conclusion: Thanks to a number of mediators re-
leased from cellular structures (enzymes, MMP-2) and
other proinflammatory or osteogenic factors, ortho-
dontic forces stimulate remodeling processes mainly
on the periodontal ligament and alveolar bone.

Keywords: periodontitis, orthodontics forces, soft
tissue changes, bone changes
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BOBEA

Bo TekoT Ha LlesIMOT )XMBOT Kaj CeKoja WHAWBUAYA
BO (DM3UOJIOIIKKA YCIOBU 3abuTe MpaBaT MUHUMa-
HU HeBU/JIVBU [IBU)KeHa BO HMBHATa TO3UIHja CO
Ko ro 06e30e/1yBaaT CBOETO MeCTO BO 3a0HMOT JIaK.
OBue ZiBMKeHa Ce pe3yaTaT Ha MHOTY TMPOMeHU Ha
MapoJOHIIMYMOT 07 OMOXeMHUCKH, XUCTOIOIIKH, MOP-
(oJIOLIKY, LUTOMOIIKY U JPYTY MPUUMHU Ha KOU ce
Io/bKu coctojbara Bo ycrara. Cerak, HajrojemMure
C/lydyBaka Ce OZJUrpyBaatr BO MepUo/IOHLIMYMOT, 0CO-
0eHO BO aj/lBeo/IapHaTa KOCKa KOH Ce OfiBUBaart 0/1aro-
JlapeHye Ha TIPOLIeCUTe Ha aro3ulivja v pecoprilyja.
ITpBUTe CydyBara Cce MPOAYKT Ha OCTe00/acTuTe,
a BTOpUTe Ce pe3yaTaT Ha OCTeOKIacTUYHATa aKTHB-
HocT. Ho, oBue miporiecy ce cTporo n3banaHCHpaHU
¥ BO HODMaJTHU OKOJIHOCTH He TIpe/[M3BUKYyBaaT HU-
KaKBU OIITeTyBama, HAlIPOTUB THe Ce Ha/loToHYyBa-
at, o/[p)KyBajKu ro 3a00T BO ajiBeosiapHaTa yaiiika BO
T0CTOjaHa KOHAMIH]a. ATiocTpodHpaHUTe MPOIIeCH ja
peMo/iesipaaT Kockara Koja 3ae/lHO CO I0CTOjaHara
JleTio3ulivja Ha LIeMeHTOT ycrieBaar Jja O/ip>KyBaar Co-
O/IBETEH OJJHOC Ha KOpeHCKara MOBpIlIMHA U ajBeosiap-
Hara yallika, 6e3 ia ce Clydat rMorojieMu HapylyBamba
BO CTAOMJTHOCTA W IO3MIIMjaTa Ha 3a00T Kora 3a0buTe
r“Maar 3a/]0BOJIUTEe/IEH PACIIopesi BO 3a0HUOT Jak. !

Bo ycnoBu Ha OPTOJOHTCKM OTCTaIyBarba, COCTOj-
0ata ce MeHyBa U Ce 110jaByBa 1oTpeda off OpTOAOHTCKA
vHTepBeHLMja. TpeTMaHOT Ha MaJloKTy3unTe ordaka
MprMeHa Ha TIOCTarKu Kou Tpeba fja ce TipeB3eMar 3a
KOpeKIIFja Ha cocTojbara, a KoM Cce MoTIrpaaT TOKMY Ha
OBHE OBHe BOOOMYAEHU U CEKOjIHEBHU (DHU3HOOLIKH
riporiecy. VIMeHo, Co Jj031pame CTPOro KOHTPOJIMpaHU
CU/IM HacTaHyBa KOpeKLFja Ha TPUCYTHOTO OTCTaIly-
Babe T.e. TPeTHUpame U KOHTPO/IMpame Ha pa3HU OTCTa-
MyBamba BO 0po(arvjaHAoT pacT ¥ KOpeKLirja Bo Gop-
Marta, pa3B0joT Ha BU/IMIIAaTa ¥ OCTaBEHOCT Ha 3abuTe.>

Kako OATOBOP Ha IMPpUMeHeTUTe OPTOAOHTCKU CUJIH,
HaCTaHyBa MeXaHWUKa CTUMYJlaljija BP3 IOTIIOPHUOT
armapar Ha 3a00T, TIpeIN3BUKYBajKu TIOBEKEKPAaTHH
MIPOMEHH Ha MeKWTe W LIBPCTUTEe TKHBA OKOJTY 3a00T.
[IpomeHwuTe ce caydyBaaT Ha MOPQOJIOLIKO U XUCTO-
JIOIIKO HUBO T.e. BO eKCTpaLley/lapHAOT MaTpUKC U
KJIeTKWTe NPeAN3BHKYyBajKy KieTouHa rponvdeparyja
U gudepeHLrjalja KOU BMjaaT BP3 MOZeNMPamkeTo
Ha ajiBeosiapHaTa Kocka. ®

Bo oBwue niporjec Ha IPUABIKYBabe, OeHeUTOT
O/, OPTOZIOHTCKHOT TPETMaH e OueKyBaH U BO Hajrosiem
Opoj of ciiyyanTe ce eBUEHTUPA KJIMHUUKH TTO3UTH-
BeH rporpec. Ho opToZ0HCKMOT TpeTMaH MMa JIBOHa-
coueH eeKT, 3aToa MOKpaj O3UTHBHUOT, TOHEKorall

Cana Amella
PERIODONTAL DEVELOPMENTS DURING
ORTHODONTIC TOOTH MOVEMENTS- REVIEW

/
INTRODUCTION

Throughout the life of each individual in physiologi-
cal conditions the teeth make minimal invisible move-
ments in their position that secure their place in the
dental array. These movements in the periodontium
are the result of many biochemical, histological, mor-
phological, cytological and other changes at molecular
level. However, the greatest developments take place
in the periodontium, especially in the alveolar bone,
which are based on the processes: “compression and
tension”, “apposition and resorption”. The first events
in the alveolar bone are the product of osteoblasts,
and the second are the result of osteoclastic activity.
However, these processes are strictly balanced and
under physiological circumstances do not cause any
damage, on the contrary, they complement each oth-
er, keeping the tooth in the tooth sockets in constant
condition. The processes remodel the bone which
together with the permanent deposition of cement
manage to maintain a proper ratio of the root surface
and the dental alveoli, without major disturbances in
the stability and position of the tooth, when the teeth
have the correct arrangement in the arch, and no other
dento-facial disorders. 1

In conditions of orthodontic deviations, the cir-
cumstances changes and there is a need for orthodontic
intervention. The treatment of malocclusions and aber-
rations in the orofacial region includes the application
of procedures that correct the condition, and which
rely on these common and everyday physiological pro-
cesses. Namely, by dosing strictly controlled forces, a
correction of the present disorder occurs, ie. treatment
and control of various deviations in orofacial growth
and correction of shape, jaw development and tooth
placement. 2

In response to the applied orthodontic forces, me-
chanical stimulation occurs on the tooth supporting ap-
paratus, causing multiple changes in the soft and hard
tissues around it. The changes occur on a morphologi-
cal and histological level, ie. in the extracellular matrix
and cells causing cell proliferation and differentiation
that affect alveolar bone modeling. 3

In these mobility processes, the benefit of or-
thodontic treatment is expected and in most cases
clinically positive progress is recorded. However,
orthodontic treatment has a two-way effect, so in ad-
dition to the positive, sometimes there are negative
effects, i.e. certain risks are possible, in addition to
visible improvements. The success of orthodontic
treatment is influenced by many factors, including
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c/iefjaT HeraTUBHU e(eKTH, T.e. MOXKHU Ce Of[pefleHH
PM3HIIH, TIOKPaj BUJIMBHUTE 1MO400pyBarba. PU3niu-
Te HajMHOTY Ce OfHeCyBaaT Ha ajiBeojiapHaTa KOCKa,
HO M Ha Mapo/J0HLIMYMOT BO 1ie0cT. Cerak 1o3HaTto e
ZIeKa Bp3 yCIIeX0T O/ OPTOJOHTCKHUOT TPeTMaH BJIHja-
aT MHOTY (hakTOpH, Mel'y KOW MapOJOHTaJHUOT CTa-
TyC, Opa/iHaTa XWrieHa ¥ I[paBU/IHAaTa MpUMeHa Ha
cumTe (jaurHa, HACOKA, BpeMeTpaere) Bp3 KpajHaTa
L[eJT IPU/IBIKYBAbe U TIPABU/THO TO3UIIMOHUparhe Ha
3abure. *

I'mobanHo, 3eMeHO [BIDKeHe Ha 3abure 1of
[1ejCTBO Ha OPTOJJOHTCKUTE CUJIU Ce PeaM3upa mpeKy
[IBa TpoIiecH: UH(IAMaTOPeH KOj ce CaydyBa BO Tie-
PUO/IOHTATHUOT JIMTaMEHT ¥ peMo/ie/iaiiija Ha KoCcKa-
Ta Koja ce 0/IBMBa BO aJIBe0/iapHaTa Kocka. °

OBue JiBe CTPYKTYPH 3ae[JHO CO LIeMEeHTOT Ce WH-
THMHO OBP3aHH, To ()OpMHpaaT MapoJOHTOT ILTO € Of
OWTHO 3Hauee 3a JIBWKemke Ha 3a00T BO MOCaKyBaHa-
Ta M03MLIK]ja, HO U Of] KITyYHO 3HaUeH-e 3a [apo/j0HTaJl-
HHOT CTaTyC, eBeHTYa/IHU OLLUTeTyBakba WX MOeAUHN
HecakaHW MeXaHWYKW UHYLIMPAaHU COCTOj6u. ©

[MapoponTanuuot aurament (PDL) u anBeosap-
HaTa KOCKa Ce JBeTe HajBa)KHW TKUBA KOU Ce€ BKJTY-
YeHM BO OPTO/JIOHTCKOTO /IBI)KeH-e Ha 3a0o0T, 3apagu
TOa 1 OUOJIOIIKHUTE C/TyuyBama Ce NPUMapHU TOKMY
Ha OBUeE /IBe TKHUBa BO MapoZioHI[UyMOT.” I[ToKpaj HUB
Map/OHIIMYMOT IO COUMHYBAa TMHIUBATa W 1IEMEHTOT.
CurTe 3ae/fHO Cce ryiaBHaTa TMOTIOpa Ha 3ab0T BO ai-
BeoJlapHaTa vallka, U MMaaT TMoBeKeKpaTHa yJiora.
I'o mrTurar 3a00T off CTpec MpW MacTHKalldjara, ro
OHEBO3MOJKyBa TIPOJIOPOT Ha OpajHaTa MUKpodsiopa
BO €KCTpalle/Ty/IApHUOT MaTPUKC U ja TIpeBEHUpa Io-
Bpe/jaTa Ha KPBHUTE U HepBHM cafoBu. ° OTTyKa, mpu
OPTOJJOHTCKO /IBUKeH-e Ha 3abuTe TIOKpaj Mmepuo/joH-
L[UYMOT 1 ajiBeojiapHaTa KOCKa, TIpOoLeCUTe /IelTyMHO
ru ordakaaTr ¥ MPeoCcTaTHAaTUTE TKUBA KOU T'O COUM-
HYyBaarT Mapo/IOHTOT.

LlenTa Ha OBaa CTaTHja € Jia ce MocoYaT OUOOIIKU
C/lyuyBama BO MapO/IOHTaTHMTe TKMBA KaKO OZTOBOP
Ha OPTOAOHTCKUTE CW/IM arTALMPAHU TIPH pellaBambe
Ha ofpefileHH MajloKIy3uu. 3a peanv3alidja Ha OBaa
1]eJT CITPOBE/IEHO € eJIeKTPOHCKO TpebapyBame Ha Oa-
3aTa Ha mogaroiy Ha PubMed co kimyunu 360poBu:
periodontitis, orthodontics forces, soft tissue changes,
bone changes, o6jaBeHu Ha aHT/IMCKY ja3uK. [IpeaBup,
Oea 3eMeHHU peBUjaIHU TIPeI/IeId, OPUTHHAIHU KJTH-
HUYKU UCITUTYBamka U KOMIApaTUBHU CTYAUH. HAM-
PEeKTHO Oellie KOpUCTeH 6MOMOrpad)CKUOT MaTepHjas
LMTHpPaH BO TpyaoBuTe of aBropute: Feller L, Yu
Gyung Kim, Angelina Gorbunkova u Nan Jiang.

periodontal status, oral hygiene and the proper use
of force (strength, direction, duration) on the ulti-
mate goal of moving and correct positioning of the
teeth. 4

Globally, the movement of the teeth under the ac-
tion of orthodontic forces is realized through two pro-
cesses: inflammatory which occurs in the periodontal
ligament and remodeling of the bone that takes place
in the alveolar bone. 5

These two structures together with the cemen-
tum are intimately connected and together with the
gingiva they form the periodontium. The first three
tissues are important for the movement of the tooth
in the desired position, having an essential role on
the periodontal status, and responsibility for possible
damage or certain unwanted mechanically induced
conditions. 6

The periodontal ligament (PDL) and the alveolar
bone are the two most important tissues involved
in orthodontic tooth movement, and therefore bio-
logical events are primary to these two tissues in
the periodontium. 7 In addition, the periodontium
consists of the gingiva and the cementum as well.
Together they are the support of the tooth in the de-
nal alveoli, and play a multiple role. They protect
the tooth from stress during chewing, prevent the
infiltration of the oral microflora in the extracellular
matrix and prevent the injury of blood and nerve
vessels. 8.9Hence, in orthodontic tooth movement,
in addition to the periodontal ligament and alveolar
bone, the processes partially involve the remaining
tissues.

The purpose of this article is to point out biolog-
ical developments in periodontal tissues in response
to orthodontic forces applied to resolve certain mal-
occlusions. For the realization of this goal has been
implemented electronic search of PubMed database
with keywords: periodontitis, orthodontics forces, soft
tissue changes, bone changes, published in English.
Reviews, original clinical trials and comparative stud-
ies were considered. The bibliographic material quoted
in the works of the authors Feller L, Yu Gyung Kim,
Angelina Gorbunkova and Nan Jiang was used indi-
rectly.
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C/IY4YBAHA BO TMHITMBATA

['vHryBara e HajlIOBPLLIHUOT JeJ1 Ha TapOJOHLMYMOT, KOj
XUCTOJIOLIKY Ce COCTOM Off boraT K/IeToUeH JIei-enuTest
Y CBP3HO TKMBO BO KOU [JOMMHHPAAT KOJIareH! BJIaKHa,
MaJIKy KJIETKM Mel'y KO IMYHU KOH Ce TTOTOTIeHH BO €KC-
TpariefynapeH MaTpukc.'? BUTHa ysiora BO Ofip)KyBame
Ha XOMeoCTa3aTa Ha IMHTHBATa ¥Ma TIPUITOjHUOT ermv-
Tes1. TTpeKy CeKpeTOPHUOT UHXUOWTOP Ha JieyKOLUTHaTa
riporeas3a u SI00A9 ce peayu3supaar 6pojHHUTE MUKPOO-
HU ebekT. BO NPUTIOjHUOT emnuTes ce JeTeKTUPaH!
L[UTOKWHU, XeMOKWHH, BOCMAJIUTe/IeH MPOTEeUHU-2 O
Makpodarute. CrTe OBHe KI€TOUHU CTPYKTYpH 00e3-
OezyBaar ofip)KyBame Ha (M3MOIOIIKAaTa XeMOCTas3a v
aKTHUBHO y4eCTBYyBaar BO Ofi0paHara Ha TKWBOTO. '3

3a pas/uKa of ernuTesIoT Ha THHIMBaTa, CBP3HOTO
TKHMBO KOj € IVIaBHaTa CTPyKTypa Ha lamina propria u
BO KOj IVIaBHA yjiora umaar ¢gubpobnacture y4ecTBy-
Ba BO IPOL{eCHUTe Ha XOMeoCTas3ara M peraparyja Ha
TKMBOTO. OBaa CBOja aKTMBHOCT ja peasy3upa Co T0-
MOIII Ha KOJIareHOT, eJTACTUHOT, IVTMKOITPOTEMHUTE UJTH
¢akTopute Ha pacT. EnUTeTHUTe KJIETKM UMaaT MOK
Jla MUTPUPaart BO OIITETeHHUTe CerMeHTH Off THHTHBATa
¥ /1 TIOCpeZlyBaaT BO pereHeparjyja Ha TKMBara. ‘41

dubpob6IaCTUTe TIOKAXKyBaaT KaralureT Ha K/IeTou-
Ha riposMdepariija ¥ MUrparuja, MuopudpobdmacTiy-
Ha audepeHIFjavja U peMo/ie/IMpame Ha KOJIareHoT,
3apa/iy LITO MMaaT Mo3UTBeH e(eKT Bp3 THHIMBaTa BO
(U3MOMOLIKY YC/IOBH WM COCTOjOM Ha OIITETYBambe.
Cerak, HETOBHOT KaralMTeT He e HeorpaHWJeH, Harpo-
THB TOj € TIPWINYHO BapyjabusieH 1 3aBUCH Off MHOTY
(axTopH, Mel'y KOM BO3pacTa e IocoueHa Kako efiHa Off
Ba)KHWTe KOMITOHEHTH KOM BJIMjaaT BP3 3a3/[paByBarbe
Ha OILTETEHUTE CErMEHTU Of TIapOfAOHTOT. %1 OBue
(akTH ce eKcrieprMeHTaTHO MOTBp/eHu.

BoH ¢usuonolkroTe ycaoBy, 3a BpeMe Ha OpTO-
JIOHTCKO JBIDKeHe Ha 3a0uTe MOXHU Ce ofpe/ieHH
HeraTvBHU e(eKTH Bp3 I'MHruBata. ['MHrMBara Moxxe
[la pearvpa co NpeKkyMepeH pacT (TMHIMBa/HO 3roJie-
MyBame), peLieCMM Ha F'MHIMBaTa U TMHTHUBA/HU UH-
BarvHalM{, KOU HajuecTo Ce jaByBaaTr BO C/lydyad Ha
OPTOJIOHTCKA E€KCTPaKIHja. 2

Bo kyimHUUKaTa npakca Kaj maleHTH KO1 Ce OpTo-
JIOHTCKM TPETHPAaHHU Ce 10jaByBaar 1 OfipeJileHH Hecaka-
Hu edekTr. Kaj HajrosieM e of raljieHTUTe Ce peru-
CTpYpaaT TMHTMBAJIHU 3rojieMyBama (XuIeprijiasuja),
TpUUMHA 3a CO37iaBame JIa)KHU FMHTUBA/IHU 11eTI0BU
KaJie eruTe/IHUOT TPUII0j CeylliTe e Ha eMaj/IoBo-Lie-
MEHTHOTO CITOMILTe, WU MakK Ja)KHU MapoJOHTaTHU
1ieroBu. Yl efHUTe U APyTUTE Ce OJjIMYHA I10//I0ra 3a

Cana Amella
PERIODONTAL DEVELOPMENTS DURING
ORTHODONTIC TOOTH MOVEMENTS- REVIEW

v
DEVELOPMENTS IN THE GINGIVA

The gingiva is the superficial part of the periodon-
tium, which histologically consists of a rich cellu-
lar epithelium and connective tissue dominated by
collagen fibers, a few cells of which are supportive
and immune immersed in an extracellular matrix.10
An important role in maintaining homeostasis has the
junctional epithelium. Numerous microbial effects
are realized through the secretory leukocyte prote-
ase inhibitor and S100A9. Cytokines, chemokines,
inflammatory proteins-2 from macrophages were
detected in the junctional epithelium. All of these
cellular structures ensure the maintenance of physi-
ological haemostasis and actively participate in tissue
integrity. 11-13

Unlike gingival epithelium, the connective tissue
which is the main structure of lamina propria and
in which fibroblasts play a major role participates
in the processes of homeostasis and tissue repair. It
carries out this activity with the help of collagen,
elastin, glycoproteins or growth factors. Epithelial
cells have the power to migrate to damaged seg-
ments of the gingiva and mediate tissue regenera-
tion. 14-15

Fibroblasts show the capacity for cell proliferation
and migration, myofibroblastic differentiation, and
collagen remodeling, thereby showing a positive ef-
fect on the gingiva under physiological or degenerative
conditions. However, its capacity is not unlimited, on
the contrary it is quite variable and depends on many
factors, including age as one of the important factors
that affect the healing of damaged segments of the
periodontium. 16-19 These data are experimentally
confirmed. 20

Outside of physiological conditions, certain neg-
ative effects on the gingiva are possible during or-
thodontic tooth movement. The gingiva may respond
with overgrowth (gingival enlargement), gingival re-
cessions and gingival invagination, most commonly in
cases of orthodontic extraction. 2

In clinical practice in patients who are orthodon-
tically treated, certain side effects occur. In most of
them, gingival enlargements (hyperplasia) are regis-
tered, the reason for creating false gingival pockets
where the epithelial attachment is still on the cemento
enamel junction, or false periodontal pockets. Both are
excellent substrates for plaque accumulation and cause
initiation or progression of periodontal damage under
orthodontic care. 21 -22
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aKyMmy/ialjja Ha I/1aK, ¥ pUYrHa 3a MHULMjarija Win
MpOrpecuja Ha OLITETYBake Ha MAPOJOHTOT BO YC/IOBU
Ha OPTOZIOHTCKO OTTepeTyBame. 2 2

Of1 THie IPUUMHY OJ]P’KYBarb-e Ha OpaiHaTa XUrieHa e
TIpBa MperopayvBa MepKa, HO, JIUTepaTypara rmocouyBa
JleKa Kaj TIoeVHLIM eBHIeHTHPaHa e OJyTNYHa OpajTHa
XWTHIeHa, a CerakK e MPYCyTHA TMHIMBa/THA XUTTepIiasyja
3. Bo OBHe yCJI0BY KaKO MOYKHU TTPUUHHHUTE/TA Ce arlo-
cTpodvpaar pUMeHeTUTe MaTepyjaty (HUKeJT, UesTiK)
071 KOM Ce HarpaBeHH cajymre Win Opekety. Bo npBu-
OT CJ/IyyYaj MPUOPUTETOT U MpUIara Kazie MexaHWuKaTa
TpayMa IoC/Ieiuiia Ha HUBHATa MPUMeHa ** WK Mak ce
MoCouyBa ajiepriyHa KoMIoHeHTa > TTpeTrnocTaBkara
JleKa MeXaHHUKHUOT CTPeC MOXKe 7la MMa KiTy4yHa yJiora
BO TMHTMBAJIHOTO 3T0JIEMYBambe e MOTBP/ieHa CO BUCOKH
BpPEHOCTH Ha MaTpUKCMeTasnonporenHasute (MMP),
norouHo MMP-8, MMP-9 kou ce ieTeKTUpaHU BO TMH-
ruBasHUOT LeBuKyaapeH Giyus (GCF), kaj maiueHTH
0e3 KJIMHUUKY 3HAl[d Ha THHTUBUT.?®

3a BpeMe Ha OPTO[OHTCKHOT TPETMaH MOXKHA e
TojaBa Ha TMHTUBA/IHYA UHBarMHaIMK. PerucTpupaHo
e JieKa THe Ce MOYeCTH TPH JIOL[HO I10 Ba/iekhe Ha 3a-
60T co BapujabuHOCT Ha KIMHUUKUTe 3Hatu (GIs). ¥

MHory uecTo HauJyBame Ha TMHIMBA/HA perjecyja
%8| K0ja e UCTOBPEMEHO U eCTeTCKU U (yHKLIMOHa/IeH
npo6/ieM Kaj OPTOJOHTCKHU TPETUPAHH TTAI[EeHTH.

ITokpaj 4yBCTBUTE/THOCT Ha KOPEHOT Ha 3a00T, 3ro-
7leMeHa e MOXKHOCTA 3a T10jaBa Ha Kapuec, abpasuja
Ha 3abuTe nu npobsieMaTHYHO OP>KyBatbe OpasHaTa
XUTHUeHa.

I'maruBanHara periecdja (GR) mMoxe za 6uze mo-
ciesviia Ha opTofloHTCKUOT TpetMad (ORT), 6uaejku e
peructpupasa Kaj 10-12%, HO He U arcoTyTHO MPUCYT-
Ha. ¥ Taa mMoxke /ia Ouzie TIOC/Ie/IUTIA HA HECOO/IBETHA
TeXHUKA Ha yeTKame °°3! aHaToMCKH 1 MOP(]OJIOIKY
OTCTaITyBaka Ha a/iBeoslapHaTa KOCKa, TeHKa KOPTHUKaJI-
Ha JIaMHMHa ¥ MHOTY ZIDYTH ITPUYrHU. * Off 0BOj acrieKT
I7Ie/JaHO, KaKO MPUUMHH 3a 110jaBa Ha peLieCuuTe Bpeu
Ja Ouzar crioMeHaTH HamasieHa IIMpYHA Ha TIPUKpe-
IeHa TMHIWBA >2, WIX TeHOK OMOTHIT Ha TMHruBara > .
ITpoHajeHa e cuiHa Kopenaijyja ToMery TeHKHOT Ou-
OTHWIT Ha TWHI'MBA, MPOMHK/IMHATHO OPTOZIOHTCKO JIBU-
JKerbe ¥ IIMpUHATa Ha KepaTHHU3WpaHaTa TMHIvBa.

CNy4yBAHA BO NMEPUOOOHLUNYMOT

I'maBHaTa Maca Ha mepuofOHTaTHUOT MrameHT (PRL)
€ CBP3HO TKHMBO. BO Hero [OMUHHMpaar KoJiareHHu
B/IaKHa MPOAYKT Ha (hUOpoOIaCTHTe, HO U KJIETKH O
tdopmatrBeH (1ieMeHTOb/MaCTH, OCTeob1acTH, hrubpo-

Therefore, maintaining oral hygiene is the first
recommended measure, although the literature in-
dicates that individuals have excellent oral hygiene,
and still gingival hyperplasia is present. 23 In these
conditions, the possible causes are the applied ma-
terials (nickel, steel) of which are made wires or
brackets. In the first case, the consequences are due
to mechanical trauma 24 or an allergic component
25 is suggested, detected in gingival cervical fluid
(GCF), in patients without clinical signs of gingi-
vitis.26

Gingival invagination is possible during ortho-
dontic treatment. They have been reported to be more
common after late tooth extraction with variable clin-
ical symptomatology (GIs). 27

Very often we encounter gingival recession 28,
which is both an aesthetic and functional problem in
orthodontically treated patients.

In addition to the sensitivity of the tooth root, the
possibility of caries, tooth abrasion or problematic oral
hygiene is increased.

Gingival recession (GR) can be a consequence of
orthodontic treatment (ORT) - registered in 10-12%,
but not the absolute cause of the condition. 29 It can
be a consequence of improper brushing technique
30-31, anatomical and morphological deviations of
the alveolar bone, thin cortical lamina and many
other reasons. From this point of view, the reasons
for the occurrence of recessions are worth mention-
ing the reduced width of the attached gingiva 33,
or a thin biotype of the gingiva 34. A strong cor-
relation was found between thin gingival biotype,
proinclinal orthodontic movement, and the width
of the keratinized gingiva 33, although orthodontic
tooth movement is a well-established factor in many
studies.

DEVELOPMENTS IN THE PERIODONTIUM

The main mass of the periodontal ligament (PRL)
is connective tissue. It is dominated by collagen
fibers, a product of fibroblasts, but also cells of
formative (cementoblasts, osteoblasts, fibroblasts)
and defense character, progenitor cells, blood,
nerve and lymph vessels immersed in extracellular
matrix. 35-36

Fibroblasts predominate in the periodontium, ac-
counting for approximately 25-30% of the volume
space and 50-60% of the total cellularity in the peri-
odontium. 37 They play a major role in remodeling

APOLONIA 43-44 « fq. 51-64, Maj 2021

APOLONIA 43-44 « pg. 51-64, May 2021



LlaHa Amena
MAPO/IOHTAJTHU CNYYYBAHA NMPU OPTOMIOHTCKK
JIBUHKEHA HA 3ABUTE PEBUJAIEH NPUKA3

6nact) 1 ogOpambeH KapakTep, MPOreHUTOPHH KTeT-
KU, KPBHH, HEPBHU U JIMM(GHU CafIOBU MMOTOTMIEHH BO
eKCTparieyJiapeH MaTpHKC. 352

Bo mepuo/ioHIIMYMOT TpeoBiajgyBaar (Gpubpob-
JIaCTH KOW COUYMHYBaaT npubmmwkHo 25-30% of Bo-
JIyMeHCKHOT rpocTop U 50-60% op BKymHaTa Lieay-
JIAPHOCT BO TIEPUOJOHIMYMOT. ¥ Tue nMaar riaBHa
yiora Bo peMmozenvpame Ha PRL. Tue umaatr MOXXHOCT
Op30 ja ce pa3MHOXKyBaaT ¥ AMHAMHYHO /la MUTPH-
paat. Ce BepyBa /ieka (prubpobiacTiTe ce U3/IOKEHHA
Ha (HU3NUKY UM OMOXeMUCKH CTUMYJH, MOXKaT fia ce
mUdepeHIpaar Bo 0CcTeob/1acT W 1jeMeHTo01acTu
co nHAykIMja Ha MRNA Ha c-fos wim akTuBUpame
Ha matoT ERK / JNK. 339

biiarogapenyvie Ha KonareHure BiakHa U [llapneo-
BUTe B/IakKHa KOM MHCEPHPAaT BO [IeMeHTOT Ha KOPEHOT
Ha 3a00T U ajBeoslapHaTa KOCKa NepuoJ0HLIMYMOT ja
00e30e/lyBa HeroBaTa OCHOBHA TOTIIOpHATa ysora. 4

3a pasnuka of; (popMaTUBHHUTE, 0f0paMOeHHUTe
KJIeTKM (Makpodaru, MaCcTOLMTH, TUM(OLIUTH, T1/1a3Ma
KJIeTKW) UMaart MoBeKeKpaTHa ysiora I71aBHO 3allTUTHa,
HO UCTOBPEMEHO THe MMaar ysiora Ha IoCpeJHULIU TTPU
pa3MHOXKyBarme Ha ¢pubpoOsacTUTe U eHJOTeTHUTe
ksetk. OBaa CBoja ysiora ja peanu3upaar Osaroziape-
HUe Ha (aKTOpUTe Ha PacT U LIUTOKUHUTE, *!

Bo mouerHara ¢a3a Ha OPTOOHTCKOTO JIBIKEH-e Ha
3abuTe MepUOJOHIIMYMOT CTaHyBa XUIIPEMUYEH, efie-
MaTo3eH ¥ UHOUITPUPAH CO BOCTIaTUTeTHHU KTeTKH.*

3ro/ieMeHUOT KjeToueH HMH(UATPAT BO IepHUo-
JIOHTAJIHUOT TNIPOCTOP B/IMjae BP3 e/laCTUYHOCTa Ha
JIMTaMEeHTOT U ajiBeoJiapHaTa Kocka. Bo 0Boj ciyuaj
MOCTOY NIPOTPeCHBHO HaMaslyBawke Ha MOXKHOCTA 3a
VCTETHyBame Ha KOJIareHWTe BJIaKHa Kako MOC/e[u-
1]a Ha MaTPUKC MeTaJIoNpOTenHa3uTe U pyryuTe Kara-
6onHYM areHcH. ¥

Bo panara (a3a Ha OpPTO/IOHTCKOTO MPHBIDKYBaH€
Ce jaByBa THMWYeH aKyTeH WH(IaMaToOpeH O/rOBOp,
KOj Ce KapaKTepu3upa CO BaCKyJapHU MPOMEHHU T.e.
Ba3o/WJiaTallja Ha KPBHUTE Kalluaapy BO MEpPO/[OH-
TaJTHAOT JIMTaMeHT, KOj UCTOBPEMEHO TPeU3BUKYBa
MUTpalija Ha JIeyKOL[UTUTe HaZBOp of HUB.* Jle-
YKOIIUTUTE 0CI000/yBaaT I[UTOKUHU-JIOKAIHA OHO-
XeMUCKW CUTHAJIHU MOJIEKY/U, KOU [IejCTByBaar Au-
PEKTHO WM UHAUPEKTHO Ha TapreT Kietkure. OBHe
MPOMeHU Ce TIPUUMHA 3a CUHTe3a W 0CJ000/yBame
Ha CyTICTAHIMM Kako HEBPOTPAaHCMUTEPH, [UTOKUHY,
(hakTOpHW Ha pacT, KOJIOHO-CTUMY/TUPAUKu (PaKkTopH,
€H3WMH U TIpoTiaraljfja Ha CUrHaJTHA KacKaJHU peak-
un. THe XeMUCKU CyTICTaHIUY T WHAYIMPAaT KJieT-
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the PRL. They also have the ability to multiply rapidly
and migrate dynamically. Fibroblasts are believed to
be exposed to physical or biochemical stimuli, and can
be differentiated into osteoblasts or cementoblasts by
induction of c-fos mRNA or activation of the ERK /
JNK pathway. 38-39

Thanks to the collagen fibers and Sharpey’s fibres
that insert into the cementum of the tooth root and
alveolar bone, the periodontal ligament provides its
basic supporting role. 4°

Unlike formative, defense cells (macrophages,
mast cells, lymphocytes, plasma cells) have multiple
roles mainly protective, but are also mediators in the
proliferation of fibroblasts and endothelial cells. They
fulfill this role thanks to growth factors and cytokines.
41

In the initial stage of orthodontic tooth movement,
the periodontal ligament becomes hyperemic, oedem-
atous, and infiltrated with inflammatory cells. 42

Increased cell infiltrate in the periodontal space af-
fects the elasticity of the ligament and alveolar bone.
In this case there is a progressive reduction in the pos-
sibility of stretching of the collagen fibers, causing
stiffness of the fibrous part. At this stage there is an
overproduction of the matrix metalloproteinases and
other catabolic agents that complement the pathogenic
developments in the periodontal ligament. 43

In the early stage of orthodontic movement there is
a typical acute inflammatory response, which is char-
acterized by vascular changes, vasodilation of blood
capillaries and leukocyte migration into the periodon-
tal ligament.44 Leukocytes release cytokine-local
biochemical signaling molecules that act directly or
indirectly on target cells. These changes cause the syn-
thesis and release of substances such as neurotrans-
mitters, cytokines, growth factors, column-stimulating
factors, enzymes, and the propagation of signal cas-
cading reactions. These chemicals induce cells (osteo-
blasts and osteoclasts) to activate, and at the same time
stimulate precursor cells in the periodontal ligament to
transform into appropriate ones to perform their bio-
logical function. 45-47

With the application of orthodontic forces, the fi-
bers begin to change morphologically and histologi-
cally. Some of them stretch, and some of them loosen
depending on the direction of the force. In parallel with
these processes, the blood flow in the periodontal space
changes, which affects the changes in the configuration
of the proteins and the extracellular matrix.

APOLONIA 43-44 « fq. 51-64, Maj 2021

APOLONIA 43-44 « pg. 51-64, May 2021



LlaHa Amena
MAPO[IOHTAJTHI CNYYYBAHA NPU OPTOJIOHTCKK
NBUHEHA HA 3ABUTE PEBUJATEH NMPUKA3

Cana Amella
PERIODONTAL DEVELOPMENTS DURING
ORTHODONTIC TOOTH MOVEMENTS- REVIEW

kuTe (0CTe06/aCTUTE U OCTEOK/IACTUTE) fla Ce aKTH-
BHpaaT, a KICTOBPMEHO M T'M CTUMY/IMPAaT KAeTKUTE
MPEKYCPCOPH BO MEPUOJJOHTA/IHUOT JIMTAMEHT [Jia Ce
TpaHchopMUpaar BO COOZBETHH 3a /ia ja peannu3upaar
cBojaTa buostoika QyHKIHja. 4>

Co TekoT Ha MpHMeHa Ha OPTOJOHTCKUTE CHJIU
B/IAKHATa MOYHYBaaT MOP(OJIOIIKI U XHUCTOJIOLIKH
Jla ce MeHyBaat. Hekou o7 HUB, Ce HCTerHyBaar, a He-
Kou ce oslabaByBaaT 3aBHICHO Of] TIPaBeLiOT Ha /IejCTBO
Ha cusara. [TapasiesTHO Co OBHe TIpOLeCH ce MeHyBa
TIPOTOKOT Ha KPB BO TMEPHOZIOHTATHUOT TIPOCTOP, CO
IITO Ce MeHyBa KOH(pUryparujaTa Ha IPOTENHUTE U
eKCTpaLleny/lapHUOT MaTPUKC.

OfpefieHV TIPOTEMHU KOM Ce aKTUBHPAHU IIOf
[lejCTBO Ha OPTOAOHTCKUTE CH/H, KaKO U OJpefileHH
MeXaHWYK{ UHAYLMPaHU CUTHA/Y T CTUMY/IMpaar re-
HHTe KOW KOJMPaaT HeKOJIKY MPOTENHU U eH3UMH KOU
MMaar CyLITHHCKO 3Haueme BO MPOLecOT Ha peMoje-
JIipam-e Ha eKCTparieny/lapHAOT MaTPHUKC BO ITEPUOZIOH-
TaJIHUOT UTaMeHT. “ KjieTkuTte pa3iuyHO pearupaar
10J, Z1ejCTBO Ha opToAHTCKUTe cuu Bo PDL. Taka, Bo
30HHTe Ha KOMIIpecHja, JOMHMHUpaar KaTabomnyku
TIPOL{eCH, a BO 30HHTE Ha TIPUTHCOK TPeTEKHO Ce IpHU-
cyTHU aHabomHUTe aKTUBHOCTYU. briarofapeHie Ha cute
OMOXeMHCKH, XMCTOJIOLIKY ¥ MOJIeKy/IapHU TIPOLiecH
HacTaHyBaaT ITPOMEeHU KOM pe3y/THpaar BO KOOpAH-
HUpaHO peMojenvpawke Ha PDL koj e o cyluTuHCKO
3HaueHe 3a OPTO/JIOHTCKOTO JIBIDKEeHe Ha 3abuTte. #

OpTOJ0HTCKOTO TPU/IBI)KYBakbe Ha 3a0uTe BO ofipe-
JleHa Mepa ce pa3/IMKyBa 07 HOpMaIHOTO (pPU3UOJIOLIKO
TIPU/IBIDKYBambe, OM/IejKu ce popMupaar jacHO Jedu-
HUPaHU 30HU HAa TeH3Wja U KOMIpecHja BO MepUoioH-
Ta/IHUOT JUraMeHT. PU3UOMOIIKOTO TTPUIBUKYBaH€e
e TIO/I0/ITOTPaeH MpoIiec, KOj 0OMUHO e [IBIDKEhe BO
Me3HjasiHa HacoKa MJTM HacOKa Ha /IBH)KeH-e KOH IoMall
oTrop. Bo CripoTHBHO, OPTOJOHTCKOTO WUHAYL[MPAHO
TIPUZIBIDKYBakbe MOXKe Jia Ouzie mupurupaHo 6p30 u ro-
0aBHO (3aBUCHO 07 PU3UUKHTE KapaKTEPUCTHKH Ha 3a-
[JlaJieHara cusa) Bo 6110 Koja 3a/iazieHa Hacoka. *° Cure
oBUe ebeKTH Cce TOC/IeUIIAa Ha [iBa Hepaszie/Hu Tpo-
1Ljecu: UH(IaMaTopeH Koj ce cylyuyBa BO ITepHUOf0HTa/-
HUOT JIMTaMeHT ¥ KOCKeHa peMoziesnalija (pecopriiiyja
Y aro3uliyja) Koj ce C/IyuyBa BO ajiBeosiapHaTa Kocka.

C/TYY4YBAHA BO AJIBEOJIAPHATA KOCKA

Kako 1 cute pyru TKMBa BO TIaPOZOHLIMYMOT U aIBeo-
JlapHaTa KoCKa IpeTpITyBa MPOMeHH IPH JI03UPakhe CHTH
3a OPTOZIOHTCKO TIOMeCTyBame Ha 3abute. [IpaBumHOTO
TIO3ULIIOHMpakse Ha 3abuTte Koe e Jo/IroTpaeH Mporiec,

Certain proteins that are activated by orthodon-
tic forces, as well as certain mechanically induced
signals, stimulate genes that encode several proteins
and enzymes that are essential in the process of re-
modeling the extracellular matrix in the periodontal
ligament. 48 Cells react differently under the action
of orthodontic forces in the PDL. Thus, in the com-
pression zones, catabolic processes dominate, and in
the pressure zones, anabolic activities are predomi-
nantly present. Thanks to all biochemical, histological
and molecular processes, changes result in coordinat-
ed remodeling of the PDL during orthodontic tooth
movement. 49

Although there are great similarities between
the physiological and orthodontic movement of the
teeth, the orthodontic movement of the teeth differs
from the physiological one to a certain extent because
clearly defined zones of tension and compression are
formed in the periodontal ligament. Physiological
movement is a longer process, which is usually a
movement in the mesial direction or a direction of
movement towards a lower resistance. In contrast,
orthodontic induced movement can be directed faster
and slower (depending on the physical characteristics
of the given force) in any given direction, depending
on the condition of the individual. However, regard-
less of all these effects are a consequence of two in-
separable processes: inflammatory which occurs in
the periodontal ligament and bone remodeling (re-
sorption and apposition) which occurs in the alveolar
bone.

OCCURRENCES IN THE ALVEOLAR BONE

Like all other tissues in the periodontium alveolar
bone undergoes changes in the dosing force for or-
thodontic tooth movement. Proper positioning of the
teeth, which is a long process, is based on biochem-
ical, histological and morphological changes of the
alveolar bone, which differ significantly from each
other, developments on the side of compression and
tension.

The biological mechanisms responsible for bone
remodeling can be described by “compression-ten-
sion” theory.

On the compression side, the periodontal ligament
is compressed, vascularization is reduced, osteoblast
cells die, and osteoclasts are activated that begin re-
sorption of the alveolar bone. On the other side of the
tooth side of tension, osteoblasts that create bone tis-
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ce 6a3vpa Ha GOXEMHUCKH, XUCTOJIOIIKH U MOP(OJIOLI-
KV [IPOMEHH Ha aJIBeojIapHaTa KoCKa, Ko GUTHO ce pas-
JIMKyBaaT Ha CTpaHaTa Ha KOMIIpecHja 1 TeH3uja.

Buonomkure MexaHU3My, KOU Ce OATOBOPHU 3a pe-
Moyiesarija Ha KOCKaTa MOXKar /la OuJar onuiuaHy co
Teopujara Ha “KoMIipecuja-TeH3uja“.

Ha crpanara Ha komripecyja, epuoJOHTaHUOT JIU-
raMeHT e IIPUTHCHAT, BacKy/lapu3aLjijara ce HamayBa,
K/IeTKUTe-00CTe00/1acTH U3yMHpaart, a Ce aKTUBUpaaT
OCTEOKJ/IaCTUTE KOM ja 3allouHyBaaT pecopIilyjaTa Ha
kockata. Of fpyrara cTpaHa Ha 3ab0T-cTpaHara Ha
TeH3Hja, Ce aKTUBHUPAaaT 0CTe001acTHTe KOU CO3/jaBaat
KOCKEHO TKHBO. °'°

BcyurHocT Ha cTpaHara Ha KOMIpecuja JOMUHU-
paar mpoLecuTe Ha PecoprIiivja Ha a/iBeoIapHa Kocka.
[loMuHaHTHaTa OCTEOK/IaCTUUHA aKTUBHOCT, TIPeZU3-
BHKYBa HelpaBW/THU [ITYT/THHN BO KOCKEHHOT cybcTpar
KOj TIOZI0ITHA Ke e TIOTIOTHU O HOBOopMHpaHa KoCKa
TOpa/ii aKTUBHOCTA Ha 0CTeob/acTure.

I'enepasHO BO LIeJIMOT OBOj TIPOLIEC AOMUHUpAaT
JiBe T10CJIe/loBaTe/IHU [TOCTAllKU: [IpBaTa - pecopriuja
Ha KocKara ( pa3/io)KyBame Ha MUHepanuTe) U BTopaTa
- Jlerpajialija Ha OPraHCKUOT MaTpuKc. * OBue mpo-
LleCH ce OCTBapyBaar CO IIOCPeACTBO Ha €H3UMU, Ma-
TPUKC MeTasonpoTtenHasa (MMII) u 113030M LUCTeMH
ripoterHa3u. MMIT ce HeorxoiHU (haKTOPH KOH yUeCT-
ByBaaT BO peMo/ie/iMpame Ha ajiBeosiapHara Kocka. Bo
0BOj KOHTeKC BpefHOoCcTUTe HAa MMII-2 niporenHoT ce
3rojieMmyBaar Ha CTpaHaTa Ha KOMIIpeCHja IIPOIopLro-
HaJTHO CO BpPeMeTO Ha ar/vKaLyja, OCTUTHYBajKu BPB
T10 OCYM uaca Off I03upame Ha OPTOLOHTCKara cusa. Ha
cTpaHara Ha TeH3uja, MMII-2 3HauuTe/HO Ce 3rosiemMy-
Ba I10 e/leH Yac arvivkaryja Ha CUJIa, HO I0CTeIeHo ce
BpaKa Ha MoueTHaTa cocTojba Bo poK o7 ocyM yvaca. >’

Bo kockeHara pemogenauuja, Ha [BeTe CTPaHU
(komripecuja U aro3uiivja) BKJIyUYEeHU Ce U UCTIpe-
TUieTeH! OMOXeMHCKY Y XUCTOJIOIIKY C/TydyBamba uHj
KpaeH e(eKT e peCOPIITUBHU W arlO3ULIUHN CETMEHTH
Ha SU/IOT Ha a/iBeosiapHaTa yallka.

Ha cTrpaHarta Ha KoMITpecHjaTa HacTaHyBa HapyIily-
Bakbe Ha MPOTOKOT Ha IMPKYy/aruja, KJeToYHa CMPT,
pecopIiiija Ha XWaJU3UPAHOTO TKUBO Of CTPaHa Ha
MakpodaruTe 1 MOTKOIMyBamke Ha KOCKeHaTa pecopri-
1[Mja 0f] CTpaHa Ha OCTEOK/IACTHTE.

Ha ctpanara Ha TeH3uja, ajiBeosiapHaTa kocka, PDL
Y L|eMEHTOT Ce peMojenupaar OsarojapeHue Ha OC-
Teo0slacTHaTa aKTHBHOCT, KOM CO3/laBaaT HajHarpe[
OCTeU] UM KojiareH TwM I, 1o 1ITo cjiei MUHepau-
3alMja Ha Kockara. °® OpTOJOHTCKOTO OTTepeTyBarbe
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sue are activated, stimulating the processes of bone
apposition. 51-55

In fact, on the compression side, resorption pro-
cesses dominate with dominant osteoclastic activity.
The result of this activity is the creation of irregular
cavities in the bone substrate which will later be filled
with newly formed bone due to the activity of osteo-
blasts.

Generally, this whole process is dominated by two
consecutive procedures: the first - bone resorption
(decomposition of minerals) and the second - deg-
radation of the organic matrix. 56 These processes
are mediated by enzymes, matrix metalloproteinase
(MMP) and lysosome cysteine proteinases. MMPs
are essential factors involved in alveolar bone remod-
eling. In this context, the values of MMP-2 protein
increase on the compression side in proportion to
the time of application, reaching a peak eight hours
after dosing orthodontic force. On the tension side,
MMP-2 increases significantly after one hour of force
application, but gradually returns to baseline within
eight hours. 57

In bone remodeling, on both sides (compres-
sion and bone apposition) are involved intertwined
biochemical and histological events resulting in re-
sorptive and bone apposition segments of the alveoli
wall.

On the compression side, there is a disturbance of
circulation flow, cell death, resorption of hyaline tissue
by macrophages, and undermining of bone resorption
by osteoclasts.

On the tension side, the alveolar bone, PDL, and
cementum are remodeled by osteoblast activity, which
first produces osteoid or type I collagen, followed by
bone mineralization. Orthodontic strain can cause mi-
cro bone damage and associated fluid changes, while
flow in the lacuno-canalicular network (LCN) can also
cause apoptosis, where signals from osteocytes in the
apoptotic process have the capacity to recruit osteo-
clasts in the zone of micro damage. These processes
are necessary because they participate in bone remod-
eling. 59

Local release of inflammatory mediators, cytokines
and growth factors, endothelins, prostaglandin E2, vas-
cular endothelial growth factor (VEGF) and TGF- ,
has a strong influence on these processes complement-
ing bone remodeling processes by facilitating ortho-
dontic tooth movement.60
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MOXKe [1a TIPeAM3BHKAa MUKPO OLITETYBAMbe Ha KOCKa-
Ta ¥ TPUZPYKHU TIPOMEHH BO TEUHOCTA, A0JeKa MaK
MPOTOKOT BO JIAKYHOKaHaKy/lapHaTa MpeXKa MCTO Taka
MOXKe /la TIpeii3BHKa HUBHA arlonTo3a, Ka/ie CUrHaI|-
Te Of] OCTEOLMTHTE BO TPOLIECOT Ha aronTo3a UMaar
KaraLyTeT Jja perpyTrpaar OCTeOK/IaCTH BO 30HaTa Ha
MUKpOOLITETYBarbe. OBHE MPOLIECH Ce HEOTTXOHHU OH-
JlejKu, THe yueCTBYBaaT BO KOCKeHara peMozesatyja. *

Bo oBue mpouecu CUTHO BAWjaHHWe MMa JIOKal-
HOTO 0C/1000/yBame Ha BOCTIAJIUTETHA Me/fjaTopH,
LIMTOKMHU U (paKTOPH Ha PacT, eHJO0TeTNHH, ITPOCTa-
rnadgavH E2, BackynapeH engotesieH ¢akTop Ha pac-
T(VEGF) u TGF-8 kou v ZONOIHATEMHYBAaT Mpo-
LleCUTe Ha KOCKEHOTO PeMOZe/pabe 0/1eCHYBajKH o
OPTO/IOHTCKOTO JIBIKEHbe Ha 3a00T.%°

Cenak ceymiTe OCTaHyBa OTBOPEHO IpaIlamkeTo
a1 MOXKe efleH BHJ, OPTOJOHTCKA CHUJja CO CIIely-
(ryHa rosleMrHa ¥ QpeKBeHI[Hja 110 MOKHOCT Jia TU
aKTHBHpaaT ocTeo0/acTuTe, fofeKa Apyra CUja co Jpy-
'l KAPaKTePUCTHUKH J]a TH aKTUBHUPA OCTEOK/IaCTUTe?

3AKJTYYOK

OPpTOJOHTCKH CU/IM KOW Ce MPUMeHyBaar Co 1ieJl KO-
peKLyja Ha oflpe/ileHH OTCTalyBama Ce MpeHecyBaaT
[JIaBHO BP3 MapO/IOHTA/IHUOT JIMTaMeHT HajiBeosiapHa
kocka. OBaa akKTHBHOCT ja peanu3upaar MpeKy 0poj-
HU TIOCPe/IHULIM KO Ce 0C/I000yBaaT o7 KIIeTOUHUTE
crpykTypu (eHsumu, MMP-2) u npyru npouHdia-
MaTOpHU WK ocTeoreHu ¢akrtopu. CuTe oBHe TH
MOTTHMKHYBAaT NPOLIeCUTe Ha peMoZesialyja.
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However, still rremains the question whether one
type of orthodontic force with a specific size and fre-
quency can possibly activate osteoblasts, while anoth-
er force with other characteristics can activate osteo-
clasts?

CONCLUSION

Orthodontic forces applied to correct certain devia-
tions are transmitted mainly to the periodontal lig-
ament and alveolar bone. This activity is realized
through numerous mediators that are released from
cell structures (enzymes, MMP-2) and other proin-
flammatory or osteogenic factors. All of these stim-
ulate bone remodeling processes, which correct the
diagnosed deviation.
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