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Rezumat

Caria dentara este o maladie multifactori-
ald cu o prevalenta crescutd la nivel mondial.
Ea induce demineralizarea straturilor dure
ale dintelui; netratata, caria devine profunda
si poate conduce la inflamatia pulpei denta-
re. Metodele clasice de tratament prevad in-
departarea completd a dentinei ramolite din
cavitatea carioasa, iar in caz de expunere a
pulpei-pulpectomia.

In prezent, strategiile de tratament a cari-
ei profunde si a pulpei expuse in urma pro-
cesului carios, devin tot mai conservatoare si
tind sa evite pulpectomia. Aceste modificari
provin dintr-o intelegere mai bund a rdspun-
sului defensiv si reparator a complexului pul-
po-dentinar, ca urmare a iritarii mecanice sau
carioase.

Astfel se da preferintd metodelor biologi-
ce (conservatoare) de tratament, cu péstrarea
vitalitatii, integritatii si functionalitatii pulpei
dentare, mai ales dupa aparitia materialelor
noi, cu rezultate promitatoare.

In acest articol se vor descrie atit materia-
lele traditionale pentru coafajul pulpar (hidro-
xidul de calciu) cit si cele moderne (pe bazé de
mineral-trioxid-agregat si derivatele lui)

Cuvinte cheie: caria profundi, coafaj pul-
par, hidroxid de calciu, MTA, Biodentine.

Introducere

Caria dentara ramine a fi cea mai raspinditd afec-
tiune a cavitdtii bucale, conform OMS [20]. Din ca-
uza adresdrii tardive, deseori caria se depisteazd in
stadiu avansat, cind deja este profundd. Dacé nu este
tratatd, ea avanseaza prin dentind provocind infla-
matia si chiar necroza pulpei; cu toate acestea, daca
caria este gestionatd in mod conservator, recuperarea
pulpari are loc chiar si in leziunile carioase profunde.

Traditional, tratamentul cariilor profunde se
efectueazd prin indepirtarea neselectivd (comple-
td) a dentinei carioase. Actualmente, se promoveaza
strategiile de tratament biologic mini-invazive, cu
indepdartarea selectivd, doar a dentinei infectate, si
in consecin{d — un risc redus de expunere a pulpei
dentare.
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Summary

Dental caries is a multifactorial disease
with a high prevalence worldwide. It induces
the demineralization of the hard layers of the
tooth; untreated, caries becomes deep and can
lead to inflammation of the dental pulp. Clas-
sical treatment methods require the complete
removal of softened dentin from the carious
cavity, and in case of exposure of the pulp-
pulpectomy.

Currently, treatment strategies for deep
caries and carious exposure of the pulp are
becoming more conservative and tend to
avoid pulpectomy. These changes come from
a better understanding of the defensive and
repair response of the pulpo-dentinal com-
plex, as a result of mechanical or carious ir-
ritation.

Thus, preference is given to biological
(conservative) methods of treatment, preser-
ving the vitality, integrity and functionality of
the dental pulp, especially after the appearan-
ce of new materials, with promising results.

This article will describe both traditional
materials for pulp capping (calcium hydroxi-
de) and modern ones (based on mineral-trio-
xide-aggregate and its derivatives).

Key words: deep caries, pulp-capping,
calcium hydroxide, MTA, Biodentine.

Introduction

Dental caries remains the most common disease
of the oral cavity, according to the WHO [20]. Due
to late addressing, caries is often detected in the late
stage, when it is already deep. If left untreated, it
advances through the dentin causing inflammation
and even necrosis of the pulp; however, if the caries is
managed conservatively, pulpal recovery occurs even
in deep carious lesions.

Traditionally, the treatment of deep caries is
performed by non-selective (complete) removal of
carious dentin. Currently, mini-invasive biological
treatment strategies are being promoted, with the se-
lective removal, only of the infected dentin, and con-
sequently - a reduced risk of exposure of the dental

pulp.

Utilizarea pe scard tot mai larga a metodelor biolo-
gice de tratament a cariei profunde se datoreaza apari-
tiei pe piata stomatologicd a noi materiale de acoperire
a pulpei, cum ar fi cele bazate pe mineral trioxid agre-
gat, care, desi nu este un material ideal, permite efectu-
area unor tratamente mai previzibile, atat din punct de
vedere histologic, cit si din perspectiva clinica.

Metodele biologice care permit péstrarea vitalita-
tii si integritatii pulpei sunt coafajul direct si indirect
al pulpei. Coafajul pulpar este o metodd terapeutica
conservativd complexd, adresata cavitatilor profun-
de preparate in timpul tratamentului cariei dentare,
expunerii mecanice sau accidentale ale pulpei, avind
rolul de a proteja pulpa dentara si de a preveni pulpi-
ta sau alte afectiuni ale acesteia.

Prin coafajul pulpar se mai doreste si asigurarea
conditiilor de vindecare pulpara, blocarea activitatii
bacteriilor deja existente si reducerea permeabilita-
tii plagii prin blocarea canaliculelor dentinare. In asa
mod se asigura protectia pulpei fata de agentii ex-
terni fizici si chimici.

Coafajul pulpar poate fi efectuat la dintii ce intru-
nesc urmatoarele conditii:

e dinte cu pulpa normala sau pulpitd reversibi-

1a;

e percutia, palparea si sondarea parodontald a
dintelui in cauza trebuie si fie in limite nor-
male;

e radiografia trebuie sa prezinte tesut apical fara
modificéri patologice;

e expunerea pulpara trebuie sa aiba un diame-
tru mai mic de 1 mmy;

¢ inainte de plasarea directa a materialului de aco-
perire a pulpei, hemoragia trebuie sa fie oprita.

Dacé aceste cerinte nu pot fi indeplinite, proce-
dura nu este recomandata.

Scop

Acest studiu are ca scop revizuirea literaturii dis-
ponibile referitor la coafajul pulpar si a materialelor
existente pe piata stomatologica pentru efectuarea
metodelor biologice de tratament a afectiunilor pul-
pei dentare.

Materiale si metode

Pentru realizarea acestui studiu, in baza de date
electronica MEDLINE au fost cautate cuvintele cheie:
deep caries, pulp-capping, calcium hydroxide, MTA,
Biodentine. Cdutarea a fost orientatd spre manualele
si revistele de specialitate in endodontie si cariolo-
gie, articole relevante disponibile in acces deschis din
bazele de date electronice (Cochrane, EMBASE, Pu-
bMed, Wiley Online Library and Web of Science ).

Scurt istoric al materialelor pentru coafaj pulpar
Primul tratament documentat de coafaj al pulpei
a fost condus in 1756 de Pfaff, folosind folie de aur
[39]. In 1930, Hermann [14] a descoperit ci hidro-
xidul de calciu este eficient in repararea dentinei in
caz de expunere. De atunci, hidroxidul de calciu sub

The increasing use of biological methods for the
treatment of deep caries is due to the appearance on
the dental market of new pulp capping materials,
such as those based on mineral trioxide aggregate,
which, although not an ideal material, allows more
predictable treatments, both histological and from a
clinical perspective.

The biological methods that allow the preserva-
tion of the vitality and integrity of the pulp are the
direct and indirect capping of the pulp. Pulp capping
is a complex conservative therapeutic method,
addressed to deep cavities prepared during the treat-
ment of dental caries, mechanical or accidental ex-
posure of the pulp, having the role of protecting the
dental pulp and preventing pulpitis or other disea-
ses.

Pulp capping also aims to ensure pulpal healing
conditions, blocking the activity of existing bacteria
and reducing wound permeability by blocking the
dentinal canals. In this way the protection of the pulp
against external physical and chemical agents is en-
sured.

Pulp capping can be performed on teeth that
meet the following conditions:

o tooth with normal pulp or reversible pulpitis;

o the percussion, palpation and periodontal

probing of the tooth in question must be wi-
thin normal limits;

o theradiograph must show apical tissue witho-

ut pathological changes;

o the pulpal exposure must have a diameter of

less than 1 mm;
o Before direct placement of the pulp cover ma-
terial, bleeding should be stopped.
If these requirements cannot be met, the proce-
dure is not recommended.

Aim

This study aims to review the available literature
on pulp capping and existing materials on the dental
market to perform biological methods of treatment
of the dental pulp diseases.

Materials and methods

For this study, in the MEDLINE electronic data-
base, the key words were searched: deep caries, pulp-
capping, calcium hydroxide, MTA, Biodentine. The
search focused on textbooks and journals speciali-
zing in endodontics and cariology, relevant articles
available in open access from electronic databases
(Cochrane, EMBASE, PubMed, Wiley Online Li-
brary and Web of Science).

Brief history of pulp capping materials

The first documented treatment of pulp capping
was conducted in 1756 by Pfaff, using gold foil [39].
In 1930, Hermann [14] discovered that calcium hy-
droxide is effective in repairing dentin after expo-
sure. Since then, calcium hydroxide in the form of
powder, paste or cement has been used successfully
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formd de pulbere, pastd sau cement au fost utilizate
cu succes pentru facilitarea formarii dentinei repara-
toare cu mentinerea pulpei vitale, inducerea minera-
lizarii si inhibarea cresterii bacteriene.

Cimentul pe bazd de hidroxid de calciu a fost
brevetat in 1962 [10] si primul studiu clinic al Dycal
(Dentsply Caulk, Milford, DE, SUA) a fost raportat
in 1963, cu o ratd de succes de 85% comparativ cu
cea de 80% a hidroxidului de calciu amestecat cu ser
tiziologic.

Glass si colegii sai, [39] au introdus oxidul de
zinc-eugenol pentru acoperirea directa a pulpei. Cu
toate acestea, au fost observate inflamatii cronice si
lipsa vindecarii pulpei, fard formarea puntii denti-
nare. Ulterior, s-a constatat ca eugenolul este foarte
toxic.

In anii 1970, glucocorticoizii combinati cu anti-
bioticele au fost utilizate frecvent pentru a controla
durerea pulpard si a suprima inflamatia [34]. Rege-
nerarea slaba a pldgii dentinare si chiar necroza pul-
para au fost raportate, deaceea steroizii nu mai sunt
folositi pentru coafaj direct.

In anii 1990, Torabinejad si White [37] au intro-
dus, mineral trioxid agregatul (MTA), care este prac-
tic un ciment Portland hidraulic sau silicat de calciu
si elibereazd incet hidroxid de calciu in timpul prizei.
MTA a fost utilizat clinic cu rate de succes similare cu
cele realizate cu hidroxid de calciu.

In 2006 si ulterior, au fost lansate materiale ase-
mandtoare MTA, compuse din silicati de calciu sinte-
tici in loc de ciment Portland.

Materiale actuale pentru coafajul pulpar

Materiale pe bazd de hidroxid de calciu
Hidroxidul de calciu a fost etalonul de aur pen-

tru coafajul pulpar. Efectul initial al hidroxidului de
calciu aplicat pe pulpa expusd este dezvoltarea unei
necroze superficiale. Ea provoaca o usoara iritatie
si stimuleaza pulpa pentru a se apara si repara. Prin
diferentiere celulard, secretia matricei extracelulare
si mineralizarea ei ulterioara, se formeazd o punte
dentinara reparatoare. In timp ce s-a crezut cd forma-
rea unei punti dentinare este cheia succesului clinic
al coafajului direct al pulpei, s-a demostrat ca 89%
dintre puntile dentinare formate in urma aplicarii ci-
mentului de hidroxid de calciu (la maimute) contin
defecte de tunel [6].

Aceste defecte de tunel care se formeazi in pun-
tea heterogend de dentinad nu numai ca nu asigura o
bariera permanentd, dar, de asemenea, nu asigurd pe
termen lung un sigiliu biologic impotriva infectiei
bacteriene. Un alt dezavantaj al hidroxidului de cal-
ciu este dizolvarea(resorbtia) sa in timp [7]. Acest
lucru poate duce la formarea unui spatiu mort [35]
si microleakage.

Din cauza dezavantajelor hidroxidului de calciul
apos (calcificarea pulpei, resorbtia treptata a materi-
alului, manipulare dificila) a fost creat un tip de ci-
ment pe bazd de hidroxid calciu cu caracteristici im-

to facilitate the formation of repairing dentin while
maintaining the vitality of the pulp, inducing mine-
ralization and inhibiting bacterial growth.

Calcium hydroxide cement was patented in 1962
[10] and the first clinical study of Dycal (Dentsply
Caulk, Milford, DE, USA) was reported in 1963, with
a success rate of 85% compared to 80 % of calcium
hydroxide mixed with saline.

Glass and colleagues, [39] introduced zinc-eu-
genol oxide for direct coverage of the pulp. Howe-
ver, chronic inflammation and lack of pulp healing
were observed without the formation of the dentinal
bridge. Subsequently, eugenol was found to be highly
toxic.

In the 1970s, glucocorticoids combined with an-
tibiotics were frequently used to control pulpal pain
and suppress inflammation [34]. Poor regeneration
of the dental wound and even pulpal necrosis have
been reported, so steroids are no longer used for pulp
capping.

In the 1990s, Torabinejad and White [37] intro-
duced the mineral trioxide aggregate (MTA), which
is basically a Portland hydraulic cement or calcium
silicate and slowly releases calcium hydroxide during
setting. MTA has been used clinically with success
rates similar to those achieved with calcium hydro-
xide.

In 2006 and further, MTA-like materials were
released, composed of synthetic calcium silicates in-
stead of Portland cement.

Current materials for pulp capping

Calcium hydroxide based materials
Calcium hydroxide was the gold standard for

pulp capping. The initial effect of calcium hydroxide
applied to the exposed pulp is the development of su-
perficial necrosis. It causes a slight irritation and sti-
mulates the pulp to defend and repair itself. Through
cell differentiation, the secretion of the extracellular
matrix and its subsequent mineralization, a repairing
dentinal bridge is formed. While the formation of
a dentinal bridge was thought to be the key to the
clinical success of direct pulp capping, it has been
shown that 89% of dentinal bridges formed following
the application of calcium hydroxide cement (in
monkeys) contain tunnel defects [6].

These tunnel defects that form in the heteroge-
neous dentin bridge not only do not provide a per-
manent barrier, but also do not provide a long-term
biological seal against bacterial infection. Another
disadvantage of calcium hydroxide is its dissolution
(resorption) over time [7]. This can lead to the for-
mation of a dead space [35] and microleakage.

Due to the disadvantages of aqueous calcium
hydroxide (pulp calcification, gradual resorption of
the material, difficult handling), a type of calcium
hydroxide-based cement with improved characteris-
tics was created that has been widely used in clinical
practice since the 1960s.

bundtatite care a fost utilizat pe scara largd in practica
clinica incd din anii 1960.

Cel mai popular ciment este Dycal (Dentsply),
care constd din catalizator si bazd amestecate la un
raport 1: 1. Catalizatorul contine hidroxid de calciu,
N-etil-o / p-toluen sulfonamidd, oxid de zinc, dioxid
de titan si stearat de zinc, iar baza contine 1,3-butilen
glicol disalicilat, oxid de zinc, fosfat de calciu si calciu
tungstat [16].

Un alt produs este Life (Kerr, Orange, CA,SUA),
al cdrui mecanism de priza al esterul acidului salici-
lic si oxidul de zinc sunt similare cu cele ale Dycal,
dar ale cérui ingrediente sunt diferite. Baza contine
hidroxid de calciu, oxid de zinc si butil benzen sul-
fonamida si catalizatorul: sulfat de bariu, dioxid de
titan si salicilat de metil [18].

Exista doua studii clinice care au aplicat ciment pe
baza de calciu hidroxid pentru coafajul direct al pul-
pei. Al-Hiyasat si colab. [2], utilizdnd doar radiografia,
a evaluat rezultatul tratamentului dupa 3 ani de la coa-
fajul pulpar, atat dupd expunerea mecanica, cat si dupa
expunerea carioasd a pulpei dentare. Rata de succes
pentru expunerea mecanica a fost de 92% comparativ
cu 33% pentru cazurile de expunere carioasa.

Intr-un alt studiu, Barthel si colab. [3], folosind atét
radiografia, ct si testarea vitalitétii pulpei, a examinat
rezultatul tratamentului dupd 5 si 10 ani la dintii care
au fost tratati prin metoda cofajului direct, in urma ex-
punerii carioase a pulpei. In acest caz, ratele de succes
pentru 5 si 10 ani au fost de 37%, respectiv 13%.

Majoritatea esecurilor au fost asimptomatice; pul-
pa devenea necrotica sau se calcifica incet. Prin urma-
re, coafajul direct al pulpei este considerat o metoda
controversata de multi clinicieni, iar pulpectomia este
in continuare procedura standard pentru tratarea pul-
pei vitale inflamate la dintii cu apexul inchis.

Materiale pe bazd de silicat de calciu
Mineral trioxid agregatul (MTA) original, sub

denumirea comerciald ProRoot MTA Grey (Dents-
ply SUA), a fost comercializat in 1998 si era compus
din 75% ciment Portland tip I, 20% oxid de bismut si
5% sulfat de calciu dihidrat. Cimentul Portland este
compus din aproximativ 55% silicat tricalcic (3CaO
« Si02), 19% silicat dicalcic (2CaO « SiO2), 10% alu-
minat tricalcic (3CaO « Al203), 7% aluminoferrita
tetracalcica (4CaO o AI203 « Fe203), 2.8 % oxid de
magneziu, 2,9% sulfat si 1,0% oxid de calciu [17].
ProRoot MTA White a fost introdus in 2002 si di-
fera de predecesorul sdu prin compozitie, adica prin
eliminarea aluminoferritei tetracalcica si o crestere
a cantitatii de silicati ai calciului [15]. Tipul gri de
MTA, care contine tetracalciu aluminoferrita si cu
o compozitie similard cu cea a produsului original,
este mai putin popular din motive estetice, dar sunt
disponibile mai multe produse, inclusiv: ProRoot
MTA Grey, MTA Angelus (Angelus, Londrina, Bra-
zilia), Grey MTA Plus (Avalon Biomed, Bradenton,
FL, SUA), EndoCem MTA (Maruchi, Gangwon-do,
Coreea) si Ortho MTA (BioMTA, Daejeon, Coreea).

The most popular cement is Dycal (Dentsply),
which consists of catalyst and base mixed in a 1: 1
ratio. The catalyst contains calcium hydroxide, N-
ethyl-o / p-toluene sulfonamide, zinc oxide, titanium
dioxide and stearate. zinc, and the base contains di-
salicylated 1,3-butylene glycol, zinc oxide, calcium
phosphate and calcium tungstate [16].

Another product is Life (Kerr, Orange, CA, USA),
whose mechanism of intake of salicylic acid ester and
zinc oxide are similar to those of Dycal, but whose
ingredients are different. The base contains calcium
hydroxide, zinc oxide and butyl benzene sulfonami-
de and the catalyst: barium sulphate, titanium dioxi-
de and methyl salicylate [18].

There are two clinical trials that have applied cal-
cium hydroxide cement to the direct capping of the
pulp. Al-Hiyasat et al. [2], using only radiography,
evaluated the treatment result after 3 years of pulp
capping, both after mechanical exposure and after
carious exposure of the dental pulp. The success rate
for mechanical exposure was 92% compared to 33%
for cases of carious exposure.

In another study, Barthel et al. [3], using both
radiography and testing the vitality of the pulp, exa-
mined the result of treatment after 5 and 10 years in
teeth that were treated by the direct capping method,
following carious exposure of the pulp. In this case,
the success rates for 5 and 10 years were 37% and
13%, respectively.

Most failures were asymptomatic; the pulp be-
came necrotic or calcified slowly. Therefore, direct
pulp capping is considered a controversial method by
many clinicians, and pulpectomy is still the standard
procedure for treating vital inflamed pulp in teeth
with closed apex.

Calcium silicate materials

The original aggregate trioxide mineral (MTA),
under the trade name ProRoot MTA Gray (Dents-
ply USA), was marketed in 1998 and was composed
of 75% Portland type I cement, 20% bismuth oxide
and 5% calcium sulfate dihydrate. Portland cement
is composed of approximately 55% tricalcium silicate
(3Ca0 « Si02), 19% dicalcium silicate (2CaO « SiO2),
10% tricalcium aluminate (3CaO « AI203), 7% tetra-
calcium aluminoferrite (4CaO « AI203 « Fe203), 2.
magnesium oxide, 2.9% sulphate and 1.0% calcium
oxide [17].

ProRoot MTA White was introduced in 2002 and
differs from its predecessor by composition, by the eli-
mination of tetracalcium aluminoferrite and an incre-
ase in the amount of calcium silicates [15]. The gray
type of MTA, which contains tetracalcium alumino-
ferrite and with a composition similar to that of the
original product, is less popular for aesthetic reasons,
but several products are available, including: ProRoot
MTA Gray, MTA Angelus (Angelus, Londrina, Bra-
zil) , Gray MTA Plus (Avalon Biomed, Bradenton,
FL, USA), EndoCem MTA (Maruchi, Gangwon-do,
Korea) and Ortho MTA (BioMTA, Daejeon, Korea).
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MTA fard aluminoferrita tetracalcicd este mai
populard si multe produse sunt comercializate la
nivel mondial: ProRoot MTA White, MTA Angelus
White, White MTA Plus (Prevest Denpro, Jammu,
India), MM-MTA (Micro Mega SA, Besangon, Fran-
ce), MTA Caps (Acteon, Merignac, France), Tech
BioSeal MTA (Isasan S.R.L., Rovello Porro, Italia),
Aureose | M.T.A. (Ogna Laboratori Farmaceutici,
Muggio, Italia), MTA + (Cerkamed PPH, Wojciech
Pawlowski, Nisko, Polonia), Trioxident (VladMiVa,
Belgorod, Rusia), NEX MTA (GC, Tokyo, Japonia)
si Endo-Eze MTA (Ultradent Products), printre al-
tele.

Mecanismul de actiune al MTA este similar cu cel
al hidroxidului de calciu. Hidroxidul de calciu este
eliminat ca un produs secundar al hidratarii MTA si
cauzeaza necroza la contactul cu pulpa. Cand pulbe-
rea MTA este amestecata cu ap4, silicatii de calciu din
pulberea se hidrateaza si se produce un silicat de cal-
ciu gel si hidroxid de calciu, ca in formula prezentata
mai jos [15]:

2[3Ca0 «Si02] + 6H20 > 3Ca0 » 25102 « 3H20
+3Ca (OH) 2

2[2Ca0 « Si02] + 4H20 > 3Ca0 » 25102 « 3H20
+ Ca (OH) 2

Astfel, MTA poate fi descris ca un material de eli-
berare a hidroxidului de calciu si, prin urmare, are
diverse proprietéti similare cu cele descrise mai sus
pentru hidroxidul de calciu.

Avantajele MTA sunt considerate a fi:

e capacitatea de sigilarea etansa a locului de ex-

punere pulpara,
biocompatibilitatea,
bioactivitatea,
e capacitatea de a favoriza formarea tesutului
mineralizat [33].

De asemenea, MTA este superior hidroxidului de
calciu datorita:

e formarii puntii dentinare mai groase si mai

uniforme,

e raspuns inflamator mai mic al pulpei dentare,

e necrozd pulpara redusa [1].

Eficienta antibacteriand al MTA este controversa-
td, ea fiind revizuitd de Parirokh si Torabinejad [32].
MTA a aratat un efect antibacterian asupra unor
bacterii facultative, dar niciun efect asupra bacteriile
strict anaerobe [36]. Astfel activitatea antimicrobiana
a MTA nu este la fel de puternicé ca la cimenturile
traditionale pe bazé de hidroxid de calciu [31].

In ciuda numeroaselor sale proprietati pozitive,
MTA are si unele dezavantaje:

e timp indelungat de priza,

e manipulare dificila [22],

e colorarea dintilor [21].

Timpul indelungat de priza poate fi incomod atit
pentru pacient cit si pentru medicul stomatolog, de-
oarece coafajul direct al pulpei cu MTA necesita doua
vizite: aplicarea MTA in prima vizita si aplicarea re-
staurdrii permanente peste MTA in a doua vizita.
Acest fapt poate creste riscul de contaminare bacteri-

MTA without tetracalcium aluminoferrite is
more popular and many products are sold worldwi-
de: ProRoot MTA White, MTA Angelus White,
White MTA Plus (Prevest Denpro, Jammu, India),
MM-MTA (Micro Mega SA, Besanc¢on, France),
MTA Caps (Acteon, Merignac, France), Tech Bi-
oSeal MTA (Isasan SRL, Rovello Porro, Italy),
Aureose 1 MTA (Ogna Laboratori Farmaceutici,
Muggio, Italy), MTA + (Cerkamed PPH, Wojciech
Pawlowski, Nisko, Poland), Trioxident (VladMiVa,
Belgorod, Russia), NEX MTA (GC, Tokyo, Japan)
and Endo-Eze MTA (Ultradent Products ), among
others.

The mechanism of action of MTA is similar to
that of calcium hydroxide. Calcium hydroxide is eli-
minated as a by-product of MTA hydration and cau-
ses necrosis on contact with the pulp. When the MTA
powder is mixed with water, the calcium silicates in
the powder are hydrated and a calcium silicate gel
and calcium hydroxide are produced, as in the for-
mula below [15]:

2 [3Ca0 « Si0O2] + 6H20 > 3Ca0 « 25i02 « 3H20
+3Ca (OH) 2

2 [2Ca0 « Si02] + 4H20 > 3Ca0 « 25i02 « 3H20
+Ca(OH)2

Thus, MTA can be described as a calcium hydro-
xide release material and therefore has various pro-
perties similar to those described above for calcium
hydroxide.

The advantages of MTA are considered to be:

o the ability to seal the pulp exposure site,

o biocompatibility,

o bioactivity,

o the ability to promote the formation of mine-

ralized tissue [33].
MTA is also superior to calcium hydroxide due

to:
o formation of thicker and more uniform dental
bridge,
o lower inflammatory response of the dental
pulp,

o reduced pulpal necrosis [1].

The antibacterial efficacy of MTA is controversi-
al, being reviewed by Parirokh and Torabinejad [32].
MTA showed an antibacterial effect on facultative
bacteria, but no effect on strictly anaerobic bacteria
[36]. Thus, the antimicrobial activity of MTA is not
as strong as in traditional cements based on calcium
hydroxide [31].

Despite its many positive properties, MTA also
has some disadvantages:

o long setting time,

o difficult handling [22],

o tooth staining [21].

The long setting time can be inconvenient for
both the patient and the dentist, because the direct
capping of the pulp with MTA requires two visits:
application of MTA in the first visit and application
of permanent restoration over MTA in the second
visit. This may increase the risk of bacterial contami-

ana. Timpul scurt de priza va face posibila efectuarea
tratamentului intr-o singura vizita.

In ceea ce priveste caracteristicile de manipulare,
amestecul produs de particulele grosiere ale ProRo-
ot si apd este dificil de livrat la site-ul necesar si este
greu de condensat in mod adecvat.

Timpul de priza si proprietatile de manipulare
depind de dimensiunea si distributia particulelor,
precum si dupéd forma lor din pulberea MTA. Di-
mensiunile particulelor de MTA suntdela 1 la 10 pum
[24].

In cazul utilizdrii a MTA gri la coafajul direct al
pulpei [4] s-a observat colorarea dintilor tratati, prin
urmare este recomandata utilizarea MTA alba in
zona estetica.

S-a determinat cd mai multi factori pot contribui
la colorarea dintilor:

e contaminarea cu sange [11],

e contactul cu hipocloritul de sodiu [5],

e prezenta luminii si a oxigenului [38],

e prezenta oxidului de bismut (radiopacifica-

tor) [38].

Motivul si mecanismul de colorare a dintilor nu
sunt pe deplin intelese si riméne de cercetat.

Studiile pe dintii de animale, la care a fost aplicat
MTA direct pe pulpd, au aratat o vindecare pulpa-
rda mai bund, in comparatie cu hidroxidul de calciu
[9]. Aceste studii au demonstrat ca in grupul MTA
s-a format mai mult tesut dentinar dur si s-a observat
o inflamatie redusa comparativ grupul cu hidroxidul
de calciu.

Sistudiile la om, au raportat cd MTA este mai bun
decat Dycal, cu formare de tesuturi dure mai bune si
mai putind inflamatie a tesutului pulpar [29].

Mecanismul biologic prin care MTA induce for-
marea puntii de dentind este pina in prezent necu-
noscut. E posibil sa fie implicati mai mulfi factori: ca-
pacitatea de etansare a acestuia, biocompatibilitatea
si producerea unui mediu pulpar alcalin [29].

In ceea ce priveste rezultatul clinic al coafajului di-
rect a pulpei cu MTA, Miles si colegii [28] au raportat
despre efectele acestui material la dintii permanenti
cu apexul inchis. In general, rata de supravietuire a
pulpei dupa un an a fost de 68%, iar dupa doi ani,
rata a fost de 56%. Un studiu recent [27] a aratat ca
MTA si hidroxidul de calciu au avut o rata de succes
de 78% si respectiv 60%. Dintii carora le-au fost apli-
cata restaurarea permanentd in termen de 2 zile dupa
coafajul direct au avut un prognostic mai bun, si nu a
existat nicio diferenta intre loturile la care expunerea
pulpei a fost mecanica sau carioasa [27].

Materiale aseméanatoare cu MTA si MTA-modi-
ficate

Cu scopul de a evita dezavantajele ale MTA ori-
ginale, au fost create materiale pe bazd de MTA care
au fost modificate pentru a scurta timpul de priza,
schimbind compozitia sau dimensiunea particulelor
pulberii. In Angelus White MTA (timp de prizi-15
min), sulfatul de calciu a fost indepdrtat si s-a adaugat

nation. The short setting time will make it possible to
carry out the treatment in a single visit.

In terms of handling characteristics, the mixtu-
re produced by the coarse particles of ProRoot and
water is difficult to deliver to the required site and is
difficult to condense properly.

The setting time and handling properties depend
on the size and distribution of the particles, as well as
their shape in the MTA powder. The particle sizes of
MTA are from 1 to 10 pm [24].

In the case of the use of gray MTA in the direct
capping of the pulp [4], the staining of the treated
teeth was observed, therefore the use of white MTA
in the aesthetic area is recommended.

It has been determined that several factors can
contribute to tooth staining:

e contamination with blood [11],

o contact with sodium hypochlorite [5],

o the presence of light and oxygen [38],

o the presence of bismuth oxide (radiopacifier)

[38].

The reason and mechanism of tooth staining are
not fully understood and remain to be investigated.

Studies on animal teeth, in which MTA was
applied directly to the pulp, showed better pulpal
healing compared to calcium hydroxide [9]. These
studies showed that more hard dentinal tissue was
formed in the MTA group and a reduced inflamma-
tion was observed compared to the group with cal-
cium hydroxide. And studies on humans have repor-
ted that MTA is better than Dycal, with better hard
tissue formation and less inflammation of the pulp
tissue [29].

The biological mechanism by which MTA in-
duces the formation of the dentin bridge is yet
unknown. Several factors may be involved: its sealing
capacity, biocompatibility and the production of an
alkaline pulp environment [29].

Regarding the clinical outcome of direct pulp
capping with MTA, Miles and colleagues [28] repor-
ted the effects of this material on permanent teeth
with closed apex. In general, the survival rate of the
pulp after one year was 68%, and after two years, the
rate was 56%. A recent study [27] showed that MTA
and calcium hydroxide had a success rate of 78% and
60%, respectively. The teeth to which the permanent
restoration was applied within 2 days after the direct
capping had a better prognosis, and there was no di-
fference between the groups in which the exposure of
the pulp was mechanical or carious [27].

MTA-like and MTA-modified materials

In order to avoid the disadvantages of the origi-
nal MTA, MTA-based materials were created, they
were modified to shorten the setting time, changing
the composition or size of the powder particles. In
Angelus White MTA (setting time -15 min), calcium
sulfate was removed and calcium oxide was added
to tricalcium silicate, dicalcium silicate, tricalcium
aluminate and bismuth oxide [23]. In the MM-MTA,
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oxid de calciu la silicatul tricalcic, dicalciu silicat, alu-
minat tricalcic si oxid de bismut [23]. In MM-MTA,
s-a addugat carbonat de calciu; in Tech BioSeal MTA
s-au adaugat clorura de calciu si montmorillonit; iar
pulberea din MTA Plus a fost mécinatd mai fin.

Materialele MTA modificate au fost comercializa-
te dupa 2006. Nu sunt compuse din ciment Portland,
adica fabricate din minerale de origine naturald, ci
constau din silicati de calciu sintetici ca component
principal si nu contin aluminiu.

In Angelus MTA si MM-MTA, pe care se bazea-
zd ciment Portland, o cantitate mare de aluminiu si
urme de arsen, beriliu, cadmiu si crom au fost detec-
tate, dar in DiaRoot Bioaggregate (DiaDent Group
International, Cheongju-si, Coreea), bazat pe sili-
cati de calciu sintetici, nu au fost detectate metale cu
exceptia unei urme de aluminiu.

BioAggregate, comercializat din 2006, constéd din
silicat tricalcic, silicat dicalcic, tantal pentoxid (radi-
opacificator), fosfat de calciu monobazic (dihidrogen
fosfat de calciu) si oxid de siliciu amorf. Fosfatul de
calciu reactioneaza cu o parte din hidroxidul calciu
produs din hidratarea silicatilor de calciu si, in tim-
pul reactiei, se formeaza hidroxiapatitd si apa. Apa
astfel produsa contribuie la viteza reactiei de hidra-
tare. Oxidul de siliciu reactioneaza, de asemenea cu
hidroxidul de calciu de cétre asa-numita reactie poz-
zolanicd si astfel contribuie la scurtatea timpului de
priza — 4 ore la un raport pulbere / lichid normala (1
g /0,38 mlapd). Efectul antibacterian a fost raportat a
fi similar cu Dycal dar inferior cimentului zinc-oxid /
eugenol [23]. Biodentine (Septodont, Lancaster, PA,
SUA), lansat in 2009, contine silicat tricalcic, carbo-
nat de calciu si oxid de zirconiu (radiopacificator) in
pulbere, care se amesteca cu cloruré de calciu, solutie
care contine policarboxilat modificat in loc de apa.
Ambele substante din lichid contribuie la scurtarea
timpului de pizd (de la 10 la 12 min) [19]. Clorura
de calciu accelereaza reactia de hidratare , iar poli-
carboxilatul reduce cantitatea de apd necesard pentru
amestecare prin asigurarea unei consistente adecva-
te, care, deasemenea contribuie la manipularea mai
usoard a amestecului.

S-a raportat cd Biodentina are eficacitate simila-
rd cu cea a MTA in coafajul direct al pulpei dentare
expuse mecanic. Dupa 6 sdptdmani de la aplicare, au
fost observate: formarea puntii dentinare, absenta
raspunsului inflamator al pulpei si straturi de odon-
toblaste bine aranjate si celule asemanatoare odonto-
blastelor [30].

EndoSequence BC RRM (Brasseler SUA, Sa-
vannah, GA, SUA), introdus in 2009, include silicat
tricalcic, silicat dicalcic, pentoxid de tantal, oxid de
zirconiu, dihidrogen fosfat de calciu, hidroxid de
calciu si agent de ingrosare si se prezintd ca o pasta
premixatd in seringi, fara a fi nevoie de amestecat cu
apa. Timpul de setare este de ~ 2 h pentru RRM si 20
de minute pentru BC RRM-Fast, conform produca-
torului. S-a demonstrat ca acest material are niveluri
de citotoxicitate similare la cele ale ProRoot MTA si

calcium carbonate was added; Calcium chloride and
montmorillonite were added to Tech BioSeal MTA;
and the MTA Plus powder was finely ground.

The modified MTA materials were marketed af-
ter 2006. They are not composed of Portland cement,
ie made of minerals of natural origin, but consist of
synthetic calcium silicates as the main component
and do not contain aluminum.

In Angelus MTA and MM-MTA, which are based
on Portland cement, a large amount of aluminum and
traces of arsenic, beryllium, cadmium and chromium
were detected, but in DiaRoot  Bioaggregate
(DiaDent Group International, Cheongju-si, Korea),
based on synthetic calcium silicates, no metals were
detected except for a trace of aluminum.

BioAggregate, marketed since 2006, consists of
tricalcium silicate, dicalcium silicate, tantalum pen-
toxide (radiopacifier), monobasic calcium phospha-
te (calcium dihydrogen phosphate) and amorphous
silicon oxide. Calcium phosphate reacts with some
of the calcium hydroxide produced from the hydra-
tion of calcium silicates and, during the reaction, hy-
droxyapatite and water are formed. The water thus
produced contributes to the speed of the hydration
reaction. Silicon oxide also reacts with calcium hy-
droxide by the so-called pozzolanic reaction and thus
contributes to the shortening of the setting time - 4
hours at a normal powder / liquid ratio (1 g/ 0.38 ml
of water). The antibacterial effect has been reported
to be similar to Dycal but inferior to zinc-oxide / eu-
genol cement [23].

Biodentine (Septodont, Lancaster, PA, USA), la-
unched in 2009, contains tricalcium silicate, calcium
carbonate and zirconium oxide (radiopacifier) in
powder, which mixes with calcium chloride, a solu-
tion containing modified polycarboxylate instead of
water. Both substances in the liquid help to shorten
the setting time (from 10 to 12 min) [19]. Calcium
chloride accelerates the hydration reaction, and
polycarboxylate reduces the amount of water needed
for mixing by ensuring a proper consistency, which
also contributes to easier handling of the mixture.

Biodentine has been reported to have similar ef-
ficacy to MTA in the direct capping of mechanically
exposed dental pulp. After 6 weeks of application, the
following were observed: dentinal bridge formation,
absence of inflammatory response of the pulp and
well-arranged odontoblast layers and odontoblast-
like cells [30].

EndoSequence BC RRM (Brasseler USA, Savan-
nah, GA, USA), introduced in 2009, includes trical-
cium silicate, dicalcium silicate, tantalum pentoxide,
zirconium oxide, calcium dihydrogen phosphate,
calcium hydroxide and thickener and is presented
as a premixed paste in syringes, without the need to
mix with water. The setting time is ~ 2 h for RRM
and 20 minutes for BC RRM-Fast, according to the
manufacturer. This material has been shown to have
cytotoxicity levels similar to those of ProRoot MTA
and Angelus MTA [8]. BC RRM has in vitro, a bi-

MTA Angelus [8]. BC RRM are in vitro, o biocompa-
tibilitate similard cu MTA [26]. Acest material a avut
rezultate similare comparativ cu MTA atunci cand a
fost utilizat ca agent de coafaj al pulpei si a indus pro-
liferarea celulelor pulpare dentare si formarea puntii
de dentina [25].

TheraCal LC (Bisco, Schaumburg, IL, SUA) este
un ciment pe bazd de MTA-modificat cu adaos de
rasind. Se prezinta sub forma de pasta fotopolimeri-
zabild umplutd cu silicat de calciu, cu adaos de rasina.
Acest material contine oxid de calciu, particule de
silicat de calciu (ciment Portland tip III), sticla de
strontiu, siliciu fumat, sulfat de bariu, zirconat de ba-
riu si rasina constand din Bis-GMA si dimetacrilat de
polietilen glicol [12]. Formarea si eliberarea hidroxi-
dului de calciu s-a dovedit a fi neglijabila, in urma
aplicdrii acestui material [12]. Raspunsul inflamator
pulpar a fost mai mare si mai intens decat in cazurile
tratate cu MTA Angelus si acest material nu stimu-
leazd remineralizarea tesuturilor dentare [13].

Concluzii

Metodele biologice de tratament (coafajul direct
si indirect) sunt considerate niste metode controver-
sate de tratament. Rata de succes in cazul utilizarii
hidroxidului de calciu variaza de la 50 pina la 60 %.
Atunci cand s-au utilizat materialale pe baza de MTA
si derivatele sale, rata de succes a terapiei vitale a pul-
pei a crescut pina la 80-90%. Avantajul major al aces-
tor metode este péstrarea vitalitatii si functionalitétii
pulpei dentatre, insa tehnica laborioasa de aplicare
si costurile suplimentare constituie un incovenient
semnificativ. Astfel alegerea si utilizarea tipului de
preparat pentru coafajul pulpar rdmine la discretia
medicului stomatolog.

ocompatibility similar to MTA [26]. This material
had similar results compared to MTA when used as
a pulp capping agent and induced the proliferation
of dental pulp cells and the formation of the dentin
bridge [25].

TheraCal LC (Bisco, Schaumburg, IL, USA) is
an MTA-modified cement with resin addition. It co-
mes in the form of a light-curable paste filled with
calcium silicate, with the addition of resin. This ma-
terial contains calcium oxide, calcium silicate par-
ticles (Portland cement type III), strontium glass,
smoked silicon, barium sulphate, barium zirconate
and resin consisting of Bis-GMA and polyethylene
glycol dimethacrylate [12]. The formation and rele-
ase of calcium hydroxide has proven to be negligible,
following the application of this material [12]. The
pulpal inflammatory response was higher and more
intense than in the cases treated with Angelus MTA
and this material does not stimulate the reminerali-
zation of dental tissues [13].

Conclusions

Biological treatment methods (direct and indi-
rect capping) are considered controversial treatment
methods. The success rate when using calcium hy-
droxide varies from 50 to 60%. When MTA-based
materials and its derivatives were used, the success
rate of vital pulp therapy has increased to 80-90%.
The major advantage of these methods is the preser-
vation of the vitality and functionality of the dental
pulp, but the laborious application technique and
additional costs are a significant drawback. Thus,
the choice of the type of material for pulp capping
remains at the dentist's discretion.
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Rezumat

Starea functionald a sistemului neuro-mus-
cular, in perioadele tardive de dezvoltare a co-
piilor cu anomalii dento-maxilare asociate sau
neasociate cu cefalee de tensiune este elucidatd
insuficient in literaturd, in special nu este clar
rolul asimetriilor musculare din regiunea ma-
xilo-faciald. In studiu dat s-a prezentat rezul-
tatele activitatii neurofiziologice a muschilor
masseter si temporal prin electromiografia de
suprafata la copii cu anomalii dento-maxilare
asociate sau neasociate cu cefalee de tensiune
prin inregistrarea amplitudinei si duratei con-
tractiilor musculare in timpul perioadelor de
activitate functionala si repaus. In urma rezul-
tatelor obtinute s-a constatat reducerea capa-
citatii de contractie musculard, mai accentuatd
la pacientii cu anomalii dento-maxilare neaso-
ciate cu cefalee de tensiune.

Cuvinte cheie: anomaliile dento-maxila-
re, copiii, electromiografia.

Introducere. Dinamica evolutiei diferitor tipuri
de anomalii dento-maxilare la copii impune adese-
ori etapizarea corespunzdtoare a tratamentului, care,
pentru prevenirea complicatiilor secundare, in speci-
al neurologice, sunt necesare perioade lungi de timp,
solicitand uneori, o colaborare interdisciplinard. In
ultimul timp patologiile concomitente la copiii cu
anomalii dento-maxilare (AnDM) este in crestere,
deseori implicdnd sistemul nervos central si senzitiv
[1,2,3,4,5,6].

Cefalee de tensiune se defineste ca o durere ce
survine din cauza pozitiei incorecte in banca ori stre-
sului, ca rezultat a incordarii periodice si permanente
a muschilor capului, ochilor, fetei si gatului. Cefalee
de tensiune este o afectiune neurologica manifestatd
printr-o predispozitie la atacuri intre usoare si mo-
derate de dureri de cap, cu cateva simptome asociate.
Copilul resimte o durere ca in cascd, o presiune de
strangere [7].

In ultimii ani s-a constatat, ci anomaliile den-
to-maxilare precum sunt ocluzia adincd, ocluzia
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Summary

Functional state of the neuromuscular
system, in late periods of development of
children with malocclusions associated or not
with tension-type headache is insufficiently
elucidated in the literature, especially the role
of muscle asymmetries of the maxillo-facial
region is unclear. In this study was evaluated
the neurophysiological condition of the mas-
seter and temporal muscles by surface elec-
tromyography in children with malocclusions
associated or not with tension-type headache
by recording the amplitude and duration of
muscle contractions during the three period
of function activity. The results reflects us a
reduction in muscle contraction, more pro-
nounced in patients with malocclusions with-
out tension-type headaches.

Key-words: malocclusion, children, elec-
tromyography

The dynamics of the evolution of different types
of malocclusions in children often require the ap-
propriate staging of treatment, which, to prevent
secondary complications, especially neurological, re-
quires stretching for long periods of time, sometimes
requiring interdisciplinary collaboration. Lately, the
pathology associated with children with malocclu-
sions is increasing, often involving the central and
sensitive nervous system [1, 2, 3, 4, 5, 6].

Tension-type headache — when pain occurs due
to incorrect position in the bench or stress, as a result
of periodic and permanent strain on the muscles of
the head, eyes, face and neck. Tension-type headache
is a neurological condition manifested by a predis-
position to mild to moderate headache attacks, with
a few associated symptoms. The child feels a pain in
the headset, a pressure, as if something is squeezing
him [7].

In recent years, it has been found that malocclu-
sions in children play an important role in triggering
headaches, especially of the tension type, namely deep
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