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Rezumat

Ortodontia este construitd pe principiile
de baza ale fizicii, referitoare la corpurile in
miscare in spatiu. Desigur, miscdrile din orto-
dontie se complica, deoarece aceste corpuri in
miscare se afla in cavitatea orala si sunt supuse
unor sisteme de forte mai complexe decét poa-
te prezice mecanica simpla. Biomecanica este
o parte importanta a ortodontiei si este studiul
echilibrului static si a efectelor fortelor asupra
sistemelor biologice. Tratamentul ortodontic
este un tratament inclusiv care include ajusta-
rea cresterii zonei craniofaciale §i reconstruc-
tia oaselor alveolare care afecteazd miscarea
dintilor. Aplicarea fortelor ortodontice pentru
a corecta anomaliile dentare prin remodela-
rea oaselor alveolare implicd o combinatie de
evenimente celulare si moleculare in tesutul
periodontal. Miscarea dentard ortodonticd se
bazeaza pe remodelarea ligamentului paro-
dontal si a oaselor alveolare indusa de forta.
Biomecanica unui dinte provoaca o reactie in-
flamatorie in tesutul gingival. Markerii imuni
stimuleazd procesele biologice asociate cu re-
sorbtia oaselor alveolare [3].

Scopul lucrarii: Evidentierea raspunsului
inflamator imun in tratamentul ortodontic.

Obiectivele lucririi: 1. Imunologia in or-
todontie. 2. Biomecanica deplasarilor dentare
in sens vertical si transversal. 3. Reactivitatea
imunologica la pacientii ortodontici.

Cuvinte-cheie:  remodelare/regenerare
osoasd, deplasare dentard, citokine, rdspuns
imun, forfd ortodonticd.
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Summary

Orthodontics is built upon the basic prin-
ciples of physics regarding bodies in motion in
space. Of course, the movements in orthodon-
tics become more complex, as these moving
bodies are located in the oral cavity and are
subjected to systems of forces more complex
than simple mechanics can predict. Biome-
chanics is an important part of orthodontics
and is the study of static equilibrium and the
effects of forces on biological systems. Orth-
odontic treatment is an inclusive treatment
that includes growth adjustment of the cra-
niofacial area and alveolar bone reconstruc-
tion that affects the movement of teeth. Apply
orthodontic forces to correct teeth anomaly
via alveolar bone remodeling includes a com-
bination of cellular and molecular events in the
gum. Orthodontic tooth movement is based
on force induced periodontal ligament and al-
veolar bone remodeling. Mechanical motiva-
tion on a tooth causes an inflamed response in
the gum tissue. Inflammatory immune mark-
ers stimulate the biological processes associ-
ated with alveolar bone resorption. the signifi-
cance role inflammatory immune response in
orthodontic treatment.

The purpose of the article: The signifi-
cant role that plays inflammatory immune
response in orthodontic treatment.

The objectives of the article: 1. Immunolo-
gy in orthodontics. 2. Biomechanics of vertical
(intrusion, extrusion) and transverse (midline
suture, torque movement) tooth movements.
3. Immune reactivity in orthodontic pacients.




Introducere

Aplicarea fortelor ortodontice in tratamentul diz-
armoniilor dentare include o serie de procese mole-
culare si celulare la nivelul periodontului: ligamente-
le periodontale, osul alveolar, cement si gingie. Liga-
mentele periodontale si osul alveolar sunt elementele
care participa activ in procesele de remodelare osoa-
sd, datoritd fortelor ortodontice exercitate asupra
aparatului dento-maxilar. Miscarea dentara obtinuta
prin aplicarea fortelor ortodontice este posibild dato-
ritd fenomenelor de resorbtie si apozitie osoasa.

Réspunsul histologic la presiunea exercitatd de-
pinde de factorii individuali (lungimea si forma ra-
décinii, metabolismul local si general, tipul de cres-
tere faciald i forta ocluzald), de conditiile fiziologice
(varstd, sex) si anatomice (pozitia dintelui, densitatea
0soasa si sdnatatea periodontald) [7].

Imunologia in ortodontie.

Remanierea tisulara terapeuticd din timpul mis-
carii dentare, depinde de intensitatea, durata si rit-
mul de aplicare al fortei ortodontice, ca si de rezisten-
ta individuala a tesuturilor asupra carora actioneaza.

Cand se aplica o fortd ortodonticé pe dintele care
trebuie sd efectueze o miscare dentara, apare o arie
de presiune pe directia miscérii dintelui, iar de partea
opusa apare o arie de tensiune. Ariile de presiune si
tensiune nu apar de-a lungul axului lung al dintelui,
pentru ca nu este un corp liber, ci in jurul miscérii de
rotatie a dintelui fatd de centrul lui de rezistentd, prin
intermediul ligamentului periodontal [5].

Presiunea determina intinderea fibrelor perio-
dontale si are ca efect resorbtia osului alveolar (faza
catabolicd). Osteoclastele sunt vazute in lacune aso-
ciate zonei de presiune unde predominé fenomenele
de rezorbtie osoasa suprafata resorbtivi de-a lungul
peretelui osos alveolar, spre care se miscd dintele, nu-
marul celulelor sporind atunci cdnd migrarea denta-
rd este rapida.

Tensiunea produce comprimarea fibrelor perio-
dontale si are ca efect apozitia osului alveolar (faza
anabolicd). Zona de tensiune este caracterizatd de
osteoblasti care depoziteaza osteoidul neminerali-
zat. Tehnicile specifice de colorare dezvéluie modul
in care fibrele vechi ale ligamentului paradontal sunt
inconjurate de o matrice osoasd nou depusa. Simul-
tan, fibrele noi de colagen sunt produse pe suprafata
0soasd [6].

Miscarea dentara are la baza doud teorii, care sunt
incompatibile si nu se exclud una pe alta.

Teoria bioelectricd leaga miscarea dentard de mo-
dificirile metabolice ale organismului uman, care
sunt controlate de semnalele electrice, care se produc
cand osul alveolar se flecteaz si se indoaie.

Teoria presiune-tensiune leaga miscarea dentard
de modificarile celulare produse de mesagerii chi-
mici eliberati ca raspuns la modificérile de presiune
din vasele sanguine. Teoria presiune-tensiune presu-
pune trei stadii ale modificarilor celulare:

— modificarile de presiune sanguina se asociaza

cu presarea ligamentului periodontal;

Key-words: bone remodeling/regenera-
tion, orthodontic tooth movement, cytokines,
immune response, orthodontic forces.

Introduction

The application of orthodontic forces in the treat-
ment of dental disharmonies involves a series of
molecular and cellular processes at the level of the
periodontium: periodontal ligaments, alveolar bone,
cement, and gingiva. Periodontal ligaments and al-
veolar bone are the elements that actively participate
in bone remodeling processes, due to the orthodon-
tic forces applied to the dento-maxillary apparatus.
Tooth movement achieved through the application
of orthodontic forces is possible due to the phenom-
ena of bone resorption and apposition.

The histologic response to applied pressure de-
pends on individual factors (root length and shape,
local and general metabolism, facial growth type, and
occlusal force), physiological conditions (age, sex),
and anatomical conditions (tooth position, bone
density, and periodontal health) [7].

Immunology in orthodontics:

The therapeutic tissue remodeling during tooth
movement depends on the intensity, duration, and
rate of orthodontic force application, as well as the
individual resistance of the tissues on which it acts.

When an orthodontic force is applied to a tooth
that needs to perform a dental movement, a pressure
area appears in the direction of the tooth movement,
and a tension area appears on the opposite side. The
pressure and tension areas do not occur along the
long axis of the tooth, as it is not a free body, but
around the rotational movement of the tooth relative
to its center of resistance, through the periodontal
ligament [5].

Pressure causes stretching of the periodontal fi-
bers and results in the resorption of alveolar bone (the
catabolic phase). Osteoclasts are seen in lacunae asso-
ciated with the pressure zone where bone resorption
predominates along the surface of the alveolar bone
wall towards which the tooth moves, with the number
of cells increasing when tooth migration is rapid.

Tension produces compression of the periodontal
fibers and results in apposition of alveolar bone (the
anabolic phase). The tension zone is characterized
by osteoblasts that deposit unmineralized osteoid.
Specific staining techniques reveal how old collagen
fibers of the periodontal ligament are surrounded by
newly deposited bone matrix. At the same time, new
collagen fibers are produced on the bone surface [6].

Dental movement is based on two theories that
are incompatible and do not exclude each other.

1.The bioelectric theory links dental movement
to metabolic changes in the human body, which are
controlled by electrical signals that occur when the
alveolar bone flexes and bends.

2.The pressure-tension theory links dental move-
ment to cellular changes produced by chemical mes-
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— eliberarea mesagerilor chimici (prostaglandi-

ne, citokine, ciclul adezinmonofosfat);

— activarea celulelor [5].

Procesul acesta dureaza cat timp actioneazi forta
ortodontica, dar se continud si dupd incetarea ei, prin
restructurare tisulard. De aceea, cele mai indicate for-
te sunt cele mici si continue (20—30g/cm?) sau medii
si intermitente (30g/cm®), pentru ca tesuturile sd aibd
timpul necesar de remodelare si restructurare [7].

Forta optimé produce un nivel de presiune in li-
gamentul periodontal care alungesc fibrele de colagen
si se mentine vitalitatea tesuturilor periodontale. Daca
forta de actiune este prea mare §i continud, tesuturile
nu mai pot sa se refac, resorbtia este continui, iar din-
tele se mobilizeaza. Daci forta de compresiune asupra
ligamentului periodontal este prea mare, acesta are o
reactie de hialinizare a fibrelor si dintele nu mai poate
fi deplasat pana nu dispare aceastd zona [2,15].

Se urmaresc 4 faze imunologice in timpul misca-
rilor dentare datorate fortei ortodontice:

In faza initiald a miscirii dentare, raspunsul imu-
nologic determinat de compresiunea {esuturilor pe-
riodontale se produce datoritd terminatiilor nervoase
libere, care elibereazd neuropectinele, responsabile
de inflamatie si de aparitia macrofagelor, prin produ-
cerea de prostaglandine si prin producerea fenome-
nelor piezoelectrice in circulatia intraosoasa. Depla-
sarea imediatd a dintelui poate dura 5 — 6 zile dupa
reactia biologica, care are rolul de a restabili echili-
brul momentan perturbat. In aceasta faza, grosimea
ligamentelor periodontale este mai importantd decét
intensitatea fortei ortodontice aplicate.

In faza de intdrziere se produc zone de hialinizare
a fibrelor periodontale, la forta de compresiune intre
50 — 100g. Faza de hialinizare debuteaza la 36 ore
dupa aplicarea fortei ortodontice si dureaza intre 12
— 15 zile, timp in care migcarea dentard nu se mai
produce. In aceastd noui situatie, tesuturile incearca
sd restabileascd un nou echilibru, osul alveolar este
resorbit (osteoclaste), spatiul periodontal vecin se
restaureaza, se elimina zona de hialinizare, care este
reocupatd de capilare si celule normale. Numai dupa
acest timp de eliminare a ariei de hialinizare sa poate
relua miscarea dentard. Pentru ca sd nu apara zona de
hialinizare sunt necesare trei conditii:

— conditii mecanice — aplicarea de forte lejere

care sd permitd resorbtia osoasd;

— conditii anatomice — periodontiul trebuie sa

fie sdndtos si complet;

— controlul inflamatiei [3,13].

In faza de deplasare progresivd se observi o depla-
sare rapida a dintelui si corespunde perioadei de re-
sorbtie a osului alveolar, prin actiunea osteoclastelor
din matricea extracelulara osoasd. Resorbtia osului
alveolar se face direct, la nivelul suprafetei osului in
contact cu radacina dintelui si indirect, la nivelul spa-
tiilor medulare, care se propaga spre corticala osoasd.
In aceasti fazi, forta trebuie si aibi un anumit prag
de intensitate pentru a produce miscarea (bascula-
rea) dintelui. Modificarea initiala din structura citos-

sengers released in response to pressure changes in
blood vessels. The pressure-tension theory involves
three stages of cellular changes:

— Blood pressure changes are associated with
compression of the periodontal ligament.

— Release of chemical messengers (prostaglan-
dins, cytokines, cyclic adenosine monopho-
sphate).

— Activation of cells [5].

This process lasts as long as orthodontic force is ap-
plied, but it continues even after it has ceased, through
tissue restructuring. Therefore, the most appropriate
forces are small and continuous (20-30g/cm?) or me-
dium and intermittent (30g/cm?), to give tissues the
necessary time for remodeling and restructuring [7].

Optimal force produces a level of pressure in the
periodontal ligament that stretches the collagen fi-
bers and maintains the vitality of periodontal tissues.
If the force is too high and continuous, tissues cannot
regenerate, resorption continues, and the tooth be-
comes mobile. If the compressive force on the peri-
odontal ligament is too high, it has a hyalinization
reaction of the fibers, and the tooth cannot be moved
until this area disappears [2,15].

There are 4 immunologic phases that occur during
dental movements caused by orthodontic force:

1. In the initial phase of dental movement, the im-
mune response determined by compression of peri-
odontal tissues occurs due to free nerve endings that
release neuropectins, responsible for inflammation
and the appearance of macrophages, through the
production of prostaglandins and the production of
piezoelectric phenomena in the intraosseous circula-
tion. The immediate displacement of the tooth can
last for 5-6 days after the biological reaction, which
has the role of restoring momentarily disturbed equi-
librium. In this phase, the thickness of the periodon-
tal ligaments is more important than the intensity of
the applied orthodontic force.

2. During the delay phase, areas of hyalinization
of periodontal fibers are produced under a compres-
sive force between 50-100g. The hyalinization phase
begins 36 hours after the application of orthodontic
force and lasts between 12-15 days, during which
dental movement no longer occurs. In this new situ-
ation, the tissues try to restore a new equilibrium, the
alveolar bone is resorbed (by osteoclasts), the neigh-
boring periodontal space is restored, the hyaliniza-
tion zone is eliminated, which is reoccupied by capil-
laries and normal cells. Only after this time of elimi-
nation of the hyalinization area can dental movement
resume. Three conditions are necessary to avoid the
occurrence of the hyalinization zone:

— Mechanical conditions — the application of

light forces that allow for bone resorption;

— Anatomical conditions — the periodontium
must be healthy and complete;

— Inflammation control [3,13].

3. During the progressive displacement phase,

a rapid movement of the tooth is observed, corre-



cheleticd va fi responsabila de semnalul de transduc-
tie, care se va propaga datorita diferentei conexiuni-
lor existente intre matricea celulara si intracelulara.
Modificarea transcriptazei din citoplasma celulelor
osoase regleazd mecanismul de transcriptie interi-
or — exterior. Secretia de osteopontine din fluidul
periodontal este proportionald cu forta mecanica si
are rol in transmiterea semnalului transmembranal.
Fenomenele de tensiune intracelulare si extracelulare
activeazd canalele membranale ionice si stimuleaza
schimburile ionice de Ca++. Semnalul mecanic dat
de compresiunea terminatiilor nervoase elibereaza
neurotransmitatorii, care au rol in migrarea extra-
vasculara a macrofagelor, monocitelor si a citochi-
ninelor, ca o reactie initiald inflamatorie. Reactia
inflamatorie este caracterizata prin vasodilatatie pe-
riodontald, cu migrarea leucocitelor din capilarele li-
gamentelor periodontale. Procesul de resorbtie osoa-
sd este responsabil de eliberarea prostaglandinelor si
a citochininelor. Prostaglandinele produc secretia de
osteoblaste si osteoclaste. Citochininele produc se-
cretia de leucocite, monocite, macrofage, limfocite si
fibroblaste. In timpul inflamatiei periodontale initia-
le, sunt eliberate enzime responsabile de deplasarea
dentara (lactatdehidrogenaza, fosfataza alcalina, ca-
tepsina B si plasminogenul activ), care au ca raspuns
degradarea matricei extracelulare, ca efect la stresul
mecanic [3,13].

Apozitia osoasd urmeaza dupd obfinerea miscarii
dentare, in zona de tensiune, prin mitoza celulelor ne-
diferentiate in diferentiate (osteoblaste si fibroblaste).
Apozitia osoasa dureaza o anumita perioada de timp,
pand se formeazd osul nou si corespunde perioadei
de contentie. In aceastd perioada de timp, dintii tre-
buie mentinuti in noua pozitie, iar remanierea osoasa
ofera dintilor o pozitie stabild in timp. Dacd timpul
necesar acestui proces nu este respectat, dintele face
o recidivd a miscérii, Intr-un timp relativ scurt [9].

Biomecanica deplasdrilor dentare in sens verti-
cal (intruzia, extruzia) si transversal (sutura medi-
and, miscarea de torque).

In esentd, dintele se miscd prin os purtindu-si
propriul aparat de sustinere, pe masurd ce alveola
dintelui migreaza. Rispunsul osului fiind mediat de
catre ligamentul periodontal, putem afirma ca misca-
rea dintelui este in mod primar un fenomen al acestui
ligament.

Fortele aplicate pe dinti pot afecta tiparul apozi-
tiei si resorbtiei osoase la distanta, in special la ni-
velui suturilor maxilarului si suprafetelor osoase ale
ambelor compartimente ale ATM. Astfel, rdspunsul
biologic la terapia ortodontica include nu numai ras-
punsul ligamentului periodontal, ci si raspunsul su-
prafetelor osoase la distantd de dentatie [5].

Sunt céteva aspecte importante in biomecanica
ortodontica:

— Dacid pe un corp actioneaza in acelasi punct

mai multe forte, el se comporta ca si cum pe
el ar actiona o singura forta de intensitate, di-
rectie si sens egale.

sponding to the period of alveolar bone resorption,
due to the action of osteoclasts in the extracellular
bone matrix. Alveolar bone resorption occurs direct-
ly at the level of the bone surface in contact with the
tooth root and indirectly at the level of the medul-
lary spaces, which spread to the bone cortex. In this
phase, the force must have a certain threshold inten-
sity to produce tooth movement (tilting).

The initial modification of the cytoskeletal struc-
ture will be responsible for the transduction signal,
which will propagate due to the differences in con-
nections between the extracellular and intracellular
matrix. Modification of transcriptase in the cyto-
plasm of bone cells regulates the interior-exterior
transcription mechanism. The secretion of osteo-
pontin in the periodontal fluid is proportional to the
mechanical force and plays a role in transmitting the
transmembrane signal. Intracellular and extracellular
tension phenomena activate ion channel membranes
and stimulate Ca++ ion exchanges. The mechanical
signal given by the compression of nerve endings re-
leases neurotransmitters that play a role in the extra-
vascular migration of macrophages, monocytes, and
cytokines as an initial inflammatory reaction.

The inflammatory reaction is characterized by
periodontal vasodilation, with the migration of leu-
kocytes from the capillaries of the periodontal liga-
ment. The bone resorption process is responsible for
the release of prostaglandins and cytokines. Pros-
taglandins produce the secretion of osteoblasts and
osteoclasts. Cytokines produce the secretion of leu-
kocytes, monocytes, macrophages, lymphocytes, and
fibroblasts. During the initial periodontal inflamma-
tion, enzymes responsible for tooth movement (lac-
tate dehydrogenase, alkaline phosphatase, cathepsin
B, and plasminogen activator) are released, which
degrade the extracellular matrix in response to me-
chanical stress [3,13].

4. Bone apposition follows tooth movement in
the tension zone through the mitosis of undifferen-
tiated cells into differentiated cells (osteoblasts and
fibroblasts). Bone apposition takes a certain amount
of time until new bone is formed and corresponds to
the retention period. During this time, teeth must be
maintained in the new position, and bone remodel-
ing provides teeth with a stable position over time.
If the time required for this process is not respected,
the tooth will experience a relapse of movement in a
relatively short time [9].

Biomechanics of vertical (intrusion, extrusion)
and transverse (midline suture, torque movement)
tooth movements.

Essentially, the tooth moves through the bone
while carrying its own supporting apparatus, as the
tooth’s alveolus migrates. The response of the bone
Is mediated by the periodontal ligament, thus we can
say that tooth movement is primarily a phenomenon
of this ligament.

Forces applied to teeth can affect the pattern of
bone apposition and resorption at a distance, espe-
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— Daci se aplica doud forte de aceeasi directie si
de acelasi sens, actionarea lor se sumeaza.

— Daca directia e aceeasi, dar sensul contrar, la
intensitate egala, actiunea celor doua forte se
anuleazd. Daci intensitatea diferd, rezultanta
va fi egald cu diferenta intre cele doud for-
te, iar deplasarea se face in sensul fortei mai
mari.

— Daci directiile a doua forte sunt paralele, iar
sensul contrar si actiunea lor este tangentiala,
apare miscarea de rotatie [10].

In plan vertical:

Intruzia reprezinta o miscare in care tensiunea si
presiunea vor fi pozitive, iar forta trebuie aplicata dis-
tal de centrul de rezistenta.

Necesitd un control atent al intensitatii forte-
lor astfel incét se vor aplica numai forte de inten-
sitate micd deoarece zonele de compresiune vor
fi concentrate pe o arie mica, la nivelul apexului.
La tineri este favorabild pentru intruzie o for{a
continud, usoard. In cazurile in care osul alveo-
lar este dispus mai aproape de apex, creste riscul
resorbtiei radiculare la nivel apical. In timp ce un
dinte este intrudat, dintii adiacen{i sunt extru-
dati, cu exceptia cazului in care sunt ancorati [5].

Se poate realiza intruzia dintilor frontali inferiori
de 3-4 mm, intruzia incisivilor centrali superiori de
1-2 mm si intruzia incisivilor laterali superiori de
2-4 mm. Cu platoul retroincizal se poate realiza nu-
mai intruzia incisivilor inferiori [7].

Extruzia reprezinta o miscare cdtre planul de
ocluzie, unde existd o tensiune pozitiva si presiune
negative [9].

Fortele de extruzie ar trebui sd aiba aproximativ
aceeasi intensitate cu fortele pentru basculare. Extru-
zia dintilor este o leziune caracterizatd prin separarea
partiald sau totald a ligamentului parodontal care are
ca rezultat mobilitatea si deplasarea dintelui, in timp
ce un dinte este extrudat, dintii adiacenti sunt usor
intrudati, cu exceptia cazului in care sunt ancorati [5].

Forta optimd ortodonticd necesara extruziei dentare
este intre 25-30g, o fortd minimala si se realizeazd
cu elastice verticale, aparate extraorale, pe o perioada
scurta de timp.

In plan transversal:

Miscarea de torque este o deplasare mai mult ra-
diculara, in sens vestibulo—-oral, coroana fiind mai
putin deplasata sau chiar mentinuta pe loc.

Forta este repartizata pe toatd suprafata radicula-
rd. Miscarea radécinii are loc atunci cind centrul de
rotatie se afld la sau langd marginea incizald, iar rota-
tia are loc in jurul acestui punct. Prin urmare, coroa-
na este deplasatd mai putin decat radacina. Miscarile
radacinilor necesitd mai mult timp din cauza resorb-
tiei osoase necesare pentru a avea loc miscarea [6].

Miscarea radiculard este realizata cu ajutorul arcu-
rilor rectangulare pe sectiune ale aparatelor orto-
dontice fixe poliagregate de tip Edgewise (curburi de
ordinul IIT) sau de tip Straight wire (torque in slot-ul
brackets-lor) [6].

cially at the level of the maxillary sutures and the
bony surfaces of both compartments of the TMJ.
Thus, the biological response to orthodontic therapy
includes not only the periodontal ligament response,
but also the response of the distant bone surfaces
from the dentition [5].

There are some important aspects in orthodontic
biomechanics:

— If multiple forces act on a body at the same
point, it behaves as if a single force of equal in-
tensity, direction, and sense were acting on it.

— If two forces of the same direction and sense
are applied, their actions add up.

— 1If the direction is the same but the sense is
opposite, with equal intensity, the action of the
two forces cancels out. If the intensity differs,
the resultant force will be equal to the differen-
ce between the two forces, and the movement
will be in the direction of the greater force.

— If the directions of two forces are parallel, but
the sense is opposite, and their action is tan-
gential, rotational movement occurs [10].

In the vertical plane:

Intrusion represents a movement in which ten-
sion and pressure will be positive, and the force must
be applied distal to the center of resistance. It requires
careful control of force intensity, so that only low-in-
tensity forces are applied, since compression zones
will be concentrated on a small area at the apex. A
continuous, gentle force is favorable for intrusion in
young individuals. In cases where the alveolar bone
is closer to the apex, the risk of apical root resorption
increases. While a tooth is being intruded, adjacent
teeth are extruded, unless they are anchored [5].

Intrusion of the lower front teeth can be achieved
by 3-4 mm, intrusion of the upper central incisors by
1-2 mm, and intrusion of the upper lateral incisors
by 2-4 mm. Only intrusion of the lower incisors can
be achieved with a retroincisal plate [7].

Extrusion refers to a movement towards the oc-
clusal plane, where there is positive tension and nega-
tive pressure [9]. The forces for extrusion should have
approximately the same intensity as the forces for tip-
ping. Dental extrusion is a condition characterized
by partial or total separation of the periodontal liga-
ment resulting in tooth mobility and displacement.
While one tooth is being extruded, adjacent teeth are
slightly intruded, unless they are anchored [5].

The optimal orthodontic force required for dental
extrusion is between 25-30g, a minimal force, and is
achieved with vertical elastics or extraoral appliances
for a short period of time.

In the transverse plane:

Torque movement is a predominantly root move-
ment, in a vestibulo-oral direction, with the crown
being less displaced or even maintained in place. The
force is distributed over the entire root surface. Root
movement occurs when the center of rotation is at
or near the incisal edge, and rotation occurs around
this point. Therefore, the crown is displaced less than



Fortele ortodontice aplicate pe dintii posteriori
afecteaza local, tiparul de apozitie si resorbtie si la
distanta, zonele de crestere (suturile maxilare, articu-
latia temporo-mandibulara).

in expansiunile excesive, fibrele sunt intinse de
partea tensiunii, timp de 2-3 luni.

In miscarea rapidi de torque, tendinta de recidi-
va este mai redusd in % apicald decat in 5 medie a
radacinii [8].

Un aparat ortodontic este alcituit din elemente
active care sunt folosite pentru obtinerea deplasarii
dentare i elemente reactive care sunt folosite pentru
ancorarea aparatului si care nu trebuie sa se depla-
seze [7].

Raportul momentul fortei/forta aplicata este bine
controlat de aparatura fixa fatd de cea mobila. Cand
raportul momentul fortei/forta este egal cu distanta
dintre brackets si centrul de rezistentd, centrul de ro-
tatie se afld la infinit §i apare o miscare de translatie
pura [12].

In tehnica Edgewise, forta este aplicatd in punctul
coronar unde este aplicat bracket-ul. Pentru misca-
rea de translatie, forta trebuie aplicata in centrul de
rezistentd al dintelui, dar nu este posibil. Astfel, for-
ta aplicata in punctul coronar va genera un moment
al fortei si pe langa miscarea de translatie, dintele va
face si 0 migcare de rotatie nedorita.

Pentru a evita rotafia, se aplicdA un moment al
fortei suplimentar pe brackets, de marime egald si de
sens opus cu cel generat de forta initiald. Cele doud
momente ale fortei se vor anula reciproc, iar rezul-
tanta va fi o miscare de translatie pura [6].

Pentru a mentine dintii pe pozitiile lor din zona
ancorajului, suma suprafetelor radiculare trebuie sa
fie mai mare decat cea care trebuie deplasatd. Cand
se doreste o migcare reciproca, cele doud zone trebuie
sé fie egale. Zona ancorajului poate fi intraorald (din-
tii de partea opusa, osul alveolar), extraorala (craniu,
fatd sau gat) sau musculard. Planificarea ancorajului
este esentiala in terapia ortodontica si se face indivi-
dualizat, in functie de numérul si tipul dintilor care
trebuie deplasati si de durata si tipul miscarii dentare
[2,15].

Coeficientul de deplasare dentara:

Poate fi considerat un coeficient acceptabil al de-
plasarii dentare Imm/luna (Walters, Ricketts, Cha-
teau), acesta este dependent de o serie de factori:

— Forta aplicatd. Sub acest aspect, se considera
cd atat fortele mici, cat si cele mari pot deter-
mina deplasirile dintilor, totusi, se admite cé
la forte de intensitati mai mici, care reduc si
evitd hialinizarea ligamentului periodontal,
coeficientul de deplasare va fi mai mare (Wal-
ters).

— Varsta pacientului. Aceasta influenteaza co-
eficientul de deplasare. Astfel, la adult, liga-
mentul periodontal fiind mai putin celular
decét la copii iar osul mai dens, rata deplasarii
dentare va fi mai micé decat la copii [1].

the root. Root movements require more time because
bone resorption is necessary for movement to occur
[6].

Root movement is achieved with the help of rect-
angular section wires in fixed orthodontic applianc-
es, such as Edgewise (third-order curves) or Straight
wire (torque in bracket slots) [6].

Orthodontic forces applied to the posterior teeth
affect both local positioning and resorption patterns,
as well as growth zones at a distance, such as the
maxillary sutures and the temporomandibular joint.

In excessive expansion, the fibers are stretched on
the tension side for 2-3 months.

In rapid torque movement, the tendency for re-
lapse is lower in the apical third of the root than in
the middle third [8].

An orthodontic appliance is composed of active
elements used to achieve tooth movement and reac-
tive elements used to anchor the appliance in place,
which should not move [7].

The ratio of torque to force applied is well con-
trolled in fixed appliances compared to mobile ones.
When the ratio of torque to force is equal to the dis-
tance between the brackets and the center of resis-
tance, the center of rotation is at infinity and a pure
translation movement occurs [12].

In the Edgewise technique, force is applied at the
coronal point where the bracket is placed. For a trans-
lational movement, force must be applied at the cen-
ter of resistance of the tooth, but this is not possible.
Thus, force applied at the coronal point will generate
a torque in addition to the translational movement,
resulting in an unwanted rotational movement of the
tooth [6].

To avoid rotation, an additional torque equal in
magnitude and opposite in direction to the initial
force is applied to the brackets. The two forces can-
cel each other out, resulting in a pure translational
movement.

To maintain teeth in their anchorage positions,
the sum of the root surfaces must be greater than the
surface area to be moved. When reciprocal movement
is desired, the two areas must be equal. Anchorage
can be intraoral (teeth on the opposite side, alveolar
bone), extraoral (skull, face, or neck), or muscular.
Planning for anchorage is essential in orthodontic
therapy and is done on an individual basis, depending
on the number and type of teeth to be moved and the
duration and type of tooth movement [2,15].

The coefficient of tooth displacement:

A coefficient of tooth displacement of 1mm/
month (Walters, Ricketts, Chateau) can be consid-
ered an acceptable coeflicient of tooth displacement,
which is dependent on a number of factors:

— The force applied. It is considered that both
small and large forces can cause tooth move-
ment, but it is believed that with lower inten-
sity forces that reduce and avoid hyalinization
of the periodontal ligament, the coefficient of
displacement will be higher (Walters).
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Reactivitatea imunologici la pacientii orto-
dontici.

Acest mecanism incepe o data cu aplicarea for-
tei pe suprafetele dentare, in urma céruia se reduce
substantial fluxul sanguin din tesutul parodontal. In
lipsa unui aport de oxigen,celulele osoase se supun
hipoxiei si reducerea troficitétii, iar ca urmare osteo-
clastele incep procesul de liza osoasa.

In acel moment, sistemul imunitar primeste un
semn de alarma, generand un rispuns.

In locul leziunii endoteliale aderd leucocitele de
la nivelul endoteliului vascular si se formeaza micro-
trombi [1].

Neutrofilele si macrofagele sunt atrase la nivelul
focarului inflamator sub actiunea factorilor chemo-
tactici pentru prezentarea antigenilor cu activarea
raspunsului imun specific, produc si citokine si enzi-
me care induc resorbtia osoasa [3].

Staza locald determind aderarea leucocitelor de
endoteliul vascular prin intermediul moleculelor de
adeziune exprimate de celulele endoteliale. Are loc
apoi rostogolirea leucocitelor la suprafata endote-
liului, traversarea peretelui capilar pentru a ajunge
in spatiul interstitial. Fagocitoza este determinatd
de aderarea sau inglobarea particulei straine (en-
docitoza) cu formarea fagolizozomilor. Mediatorii
inflamatori sunt prostaglandinele, iar ele actioneaz
direct asupra fibroclastilor, osteoclastilor si mentin
liza tesuturilor. Astfel acest process capatd un carac-
ter cronic [9].

Din punct de vedere histologic, insa in zonele de
presiune are loc resorbtie osoasd directa, prin osteo-
clazie, si indirectd prin mecanismele umorale, iar in
zonele de tensiune apare o depunere de osteoid, care
se va mineraliza in timp §i va genera tesut osos la-
melar, care se va organiza in sisteme haversiene [4].

In zona de tensiune va incepe vindecarea pldgii.
Multe tipuri de celule, factori de crestere si alte pro-
teine interactioneazd pentru o vindecare eficientd si
rapida. Pe vasele lezate si tesutul subendotelial expus
la sange trombocitele incep sd adere de proteinele de
colagen eliberind granule ce contin difosfat-adeno-
zin, serotonina si tromboxan. Trombocite aditionale
sunt atrase in zona i contribuie la formarea cheagu-
lui. Dopul de trombocite este apoi intarit de o ma-
trice de fibre de proteine insolubile denumita fibrina
care este formatd ca rezultat al cascadei hemostazei
[9].

Diferite proteine si alte substante necesare pen-
tru repararea si vindecarea tesuturilor sunt secretate
de trei tipuri de granule (alfa, delta si lambda) loca-
lizate in interiorul trombocitelor [3].

In trombocite se gasesc factorii de crestere esenfi-
ali care stimuleaza un rdspuns imun specific vindeca-
rii, din ei cei mai importanti sunt:

PDGF este chemotactic pentru polimorfonucle-
ate, macrofage, fibroblasti si celule netede muscula-
re. De asemenea, stimuleaza multiplicarea celulelor
stem pentru fibroblasti si celule endoteliale ducind la
formarea capilarelor, stimuleaza productia de fibro-

— The age of the patient. This influences the
coefficient of displacement. Thus, in adults,
the periodontal ligament is less cellular than
in children and the bone is denser, resulting
in a lower rate of tooth displacement than in
children [1].

Immune reactivity in orthodontic patients.

This mechanism begins with the application of force
on the dental surfaces, which substantially reduces the
blood flow in the periodontal tissue. In the absence of
oxygen supply, bone cells undergo hypoxia and reduced
trophicity, and as a result, osteoclasts begin the process
of bone resorption.

At that moment, the immune system receives an
alarm signal, generating a response.

Leukocytes adhere to the endothelial cells of the
vascular endothelium at the site of injury and micro-
thrombi are formed [1].

Neutrophils and macrophages are attracted to the
inflammatory focus under the action of chemotactic
factors to present antigens with specific immune re-
sponse activation, producing cytokines and enzymes
that induce bone resorption [3].

Local stasis leads to leukocyte adherence to the
vascular endothelium through adhesion molecules ex-
pressed by endothelial cells. Then, leukocytes roll on the
surface of the endothelium, cross the capillary wall to
reach the interstitial space. Phagocytosis is determined
by adhesion or engulfment of the foreign particle (en-
docytosis) with the formation of phagolysosomes. In-
Sflammatory mediators are prostaglandins, which act
directly on fibroblasts, osteoclasts, and maintain tissue
lysis. Thus, this process becomes chronic [9].

From a histological point of view, direct bone re-
sorption occurs in pressure zones through osteoclast ac-
tivity, and indirect resorption occurs through humoral
mechanisms, while in tension zones, osteoid deposition
occurs, which will mineralize over time and generate
lamellar bone tissue, which will organize into Haver-
sian systems [4].

In the area of tension, wound healing begins.
Many types of cells, growth factors, and other pro-
teins interact for efficient and rapid healing. Platelets
begin to adhere to collagen proteins and release gran-
ules containing adenosine diphosphate, serotonin,
and thromboxane on the damaged vessels and suben-
dothelial tissue exposed to blood. Additional platelets
are attracted to the area and contribute to clot forma-
tion. The platelet plug is then reinforced by a matrix of
insoluble protein fibers called fibrin, which is formed
as a result of the hemostasis cascade [9].

Different proteins and other substances necessary
for tissue repair and healing are secreted by three
types of granules (alpha, delta, and lambda) located
inside platelets [3].

Platelets contain essential growth factors that
stimulate a specific immune response to healing,
with the most important being:

PDGF is chemotactic for polymorphonuclear
cells, macrophages, fibroblasts, and smooth muscle



nectina — o molecula de adeziune folosita in prolife-
rarea si migrarea din timpul vindecarii, incluzand si
osteoconductia.

TGF-p stimuleaza chemotaxia fibroblastilor,
productia de colagen si fibronectind si inhiba de-
gradarea colagenului prin scaderea proteazelor si
cresterea inhibitorilor de proteaze, toate in favoarea
fibrogenezei.

TGF-alpha 1 si TGF-alpha 2, care stimuleazi
chemotaxia si mitogeneza osteoblastelor,are loc de-
punerea de os in fazele initiale ale regenerarii osoase.

IGF — stimuleaza diferencierea celulelor stem,
mareste metabolismul osteoblastelor si sinteza cola-
genului.

PDEGF — stimuleaza celulele endoteliale si in-
fluenteazd asupra angiogenezei.

EGF — stimuleazd proliferarea fibroblastilor si
osteoblastilor, precum si secretia fibronectinei.

FGF — stimuleaza angiogeneza, induce produce-
re TGF in celulele osteoblaste [4,14].

Concluzii:

1. Factorii sistemului imunitar (celule, citokine,
imunoglobuline) sunt direct responsabili de resorb-
tia osoasd alveolard ce genereazd miscarea dintilor si
resorbtia nemoderata a radacinilor.

2. Pentru a putea intelege reactia dintilor la fortele
pe care le aplicim, precum si modul in care trebu-
iesc aplicate, este necesar sa intelegem aceste notiuni
din biomecanicd, precum si implicatiile anatomiei si
fiziologiei aparatului dento-maxilar. Pe langd legile
fundamentale ale fizicii, miscarea dentara este stimu-
latd de semnalele sistemului imunitar, care dirijeaza
procesele biologice de resorbtie si apozitie. Fenome-
nele reparatorii in cursul unui tratament ortodontic
depind in prim plan de sanatatea psihologica si imu-
nologicd a pacientului.

3. Toate aceste mecanisme generate de un sistem
imun sandtos, faciliteazd miscarile dentare firda a
afecta viabilitatea acestuia in timpul, dar si dupé unui
tratament ortodontic efectuat corect.
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cells. It also stimulates the multiplication of stem cells
for fibroblasts and endothelial cells, leading to capil-
lary formation, and stimulates fibronectin production
— an adhesion molecule used in proliferation and mi-
gration during healing, including osteoconduction.

TGF-p stimulates fibroblast chemotaxis, collagen
and fibronectin production, and inhibits collagen
degradation by decreasing proteases and increasing
protease inhibitors, all in favor of fibrogenesis.

TGF-alpha 1 and TGF-alpha 2, which stimulate
osteoblast chemotaxis and mitogenesis, cause bone
deposition in the early stages of bone regeneration.

IGF stimulates stem cell differentiation, increases
osteoblast metabolism, and collagen synthesis.

PDEGF stimulates endothelial cells and influ-
ences angiogenesis.

EGF stimulates fibroblast and osteoblast prolif-
eration, as well as fibronectin secretion.

FGF stimulates angiogenesis and induces TGF
production in osteoblast cells [4,14].

Conclusions

1. The immune system factors (cells, cytokines,
immunoglobulins) are directly responsible for alveo-
lar bone resorption that generates tooth movement
and moderate root resorption.

2. To understand the reaction of teeth to the forc-
es we apply, as well as how they should be applied,
it is necessary to understand these biomechanical
concepts, as well as the implications of the anatomy
and physiology of the dento-maxillary apparatus. In
addition to the fundamental laws of physics, dental
movement is stimulated by signals from the immune
system, which direct the biological processes of re-
sorption and deposition. The reparative phenomena
during orthodontic treatment depend primarily on
the psychological and immune health of the patient.

3. All of these mechanisms generated by a healthy
immune system facilitate dental movements without
affecting its viability during and after proper orth-
odontic treatment.
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