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Cuvinte-cheie : Rasini compozite de laborator ; Inlay-uri compozite ; Proprietati mecanice si fizice ; Adeziune;
Adaptare marginald; Microinfiltratie marginala.

Teza de doctorat « Utilizarea inlay-urilor in afectiunile coronare » este structurata in doua parti
importante, si anume, PARTEA | care sistematizeaza date din literatura de specialitate privind utilizarea
materialelor compozite in stomatologia restaurativa, si respectiv PARTEA A II-A care cuprinde contributia
personald, constand in o serie de cercetari experimentale privind utilizarea inlay-urilor compozite in
restaurarea dintilor posteriori.



Principalele obiective ale tezei de doctorat au fost:

= Elaborarea protocolului clinico-tehnic de realizare si de aplicare a inlay-urilor compozite cu scopul obtinerii
unor restaurari fiabile si longevive.

= Evaluarea potentialului de utilizare a unui material compozit de provenienta autohtona pentru restaurari
de tip inlay, precum si a unor sisteme adezive experimentale pentru cimentarea acestora.

= Aprecierea calitatii restaurative a inlay-urilor compozite realizate cu materialul autohton, ih comparatie cu
alte materiale comerciale.

= Evaluarea calitatilor clinice ale inlay-urilor compozite, ca alternativd superioara in restaurarea dintilor
posteriori.

Majoritatea cercetarilor experimentale s-a desfasurat in cadrul Facultatii de Medicina Dentara a
Universitatii de Medicina si Farmacie ,luliu Hatieganu”, Cluj-Napoca, cu sprijinul Departamentului de
Compozite Polimerice din Institutul de Cercetari in Chimie ,Raluca Ripan” (ICCRR) Cluj-Napoca. O parte dintre
cercetarile cu caracter fundamental s-au derulat in cadrul unui stagiu de perfectionare in cercetare desfasurat
la Facultatea de Odontologie a Universitatii ,Victor Segalen”, Bordeaux 2, Franta, beneficiind si de sprijinul
material al firmei ,,GC France sas” (Franta).

Teza este structurata in 10 capitole la care se adaugd introducerea si referintele bibliografice (307
citatii in ordinea aparitiei in text).

Capitolul 1 ,Concepte actuale privind tehnicile de restaurare ale dintilor posteriori cu rasini compozite”
Capitolul 2 ,Factori care influenteaza fiabilitatea inlay-urilor compozite”

Capitolul 3 , Protocolul clinic si tehnic de realizare a inlay-urilor compozite” descrie succint etapele clinice si
tehnice de realizare a inlay-urilor compozite prin tehnica indirecta, subliniind importanta respectarii cu
strictete a pasilor care trebuie urmati pentru succesul acestui tip de restaurare.

Capitolul 4 ,Studiul proprietatilor mecanice ale unor materiale compozite pentru restaurari indirecte”.
Obiectiv. Scopul studiului a fost prezentarea unor caracteristici fizico-chimice ale unui material compozit de
laborator, Barodent®, produs de ICCRR destinat realizarii inlay-urilor prin tehnica indirectd precum si
evaluarea proprietatilor mecanice ale materialului Barodent in comparatie cu alte compozite de laborator
cunoscute pe piata stomatologica.

Material si metodd. Principalele caracteristici ale materialului Barodent sunt prezentate in tabelul 1. S-a
investigat rezistenta la flexiune, compresiune si compresiune diametrala a trei materiale compozite utilizate
pentru fabricarea de inlay-uri si anume Barodent®, Gradia/ GC Corporation, BelleGlass NG/ Kerr Corporation.

Tabelul 1. Compozitia materialului compozit Barodent

Producator Matrice organica Umplutura anorganica
Componente Sticla de bariu
ICCRR, Rasina bazata in special  50% sticla de bariu; 20%  45% SiO,; 17% B,03;10% Al,Os;
Romania pe Bis-GMA silice coloidala; 30% cuart 20 % BaO; 8% NaF- CaF,

S-au realizat cate 10 specimene din fiecare material pentru fiecare din cele trei teste efectuate
folosind matrite speciale (Fig.1). Pentru realizarea specimenelor si testarea proprietatilor materialelor, s-au
respectat instructiunile producatorilor si normele standard din domeniu.

Datele au fost apoi prelucrate statistic folosind testul Anova si
PostHoc Bonferonni pentru rezistenta la flexiune (FS) si testul Mann-
Whitney pentru rezistenta la compresiune(CS) si compresiune
diametrald (DTS). Pragul de semnificatie a fost 0,05. Pentru
prelucrarea statistica s-au utilizat softurile SPSS 13.0 si Statistica 7.0.
Rezultate si discutii. Datele testelor mecanice (FS, CS, DTS) au fost
reprezentate grafic (Fig.2) iar valoarea medie (medie), deviatia
Fig.1 Specimene pentru testulla  gtandard (DS) si pragul de semnificatie pentru fiecare material testat
flexiune au fost sistematizate in tabele.
Studiul de fata a aratat ca rezistenta la flexiune a fost mai mare pentru compozitul BelleGlass (84,58 MPa),
urmat apoi de compozitul Barodent (63,16 MPa) si compozitul Gradia (61,68MPa), diferentele intre cele trei
materiale fiind semnificative statistic (p ANOVA=0,0003). Pentru testul rezistentei la compresiune, cele mai
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mari valori au fost obtinute pentru compozitul BelleGlass (241,64 MPa) si compozitul Gradia (226,11MPa),

fara sa existe diferente semnificative statistic intre cele doua materiale (p=0,48). Valorile medii pentru
rezistenta la compresiune diametrala au fost situate intre 37, 23 MPa (BelleGlass) si 43,21 MPa (Gradia).
Compozitul Barodent a prezentat o valoare intermediara
intre cele douda compozite cunoscute. Diferente statistic
semnificative au fost intre Barodent si BelleGlass (p=0,04).
Desi BelleGlass a avut cea mai mica valoare a rezistentei la
compresiune diametrala, intre Gradia si BelleGlass nu s-au
observat diferente statistic semnificative (p=0,06) datorita
deviatiei standard fata de medie care a fost mai mare
pentru BelleGlass (5,94 pentru BelleGlass, respectiv 5,71
pentru Gradia). Proprietdtile mecanice ale materialelor
compozite depind de continutul, tipul de umplutura
anorganica si de compozitia matricii organice.

Concluzii. Cunoasterea de catre medic a proprietatilor mecanice ale materialelor de restaurare si interpretarea
comportamentului acestora Tn conditii de stress este importanta pentru intelegerea comportamentul lor clinic
si pentru reusita tratamentului cu restaurari indirecte. Materialul compozit Barodent are proprietati mecanice
asemanatoare cu cele ale materialelor de control, el putand rezista fortelor masticatorii functionale.

Fig.2 Rezultatele testelor mecanice pentru
materialele aflate in studiu

Capitolul 5., Studiul in vitro al absorbtiei de apa si al solubilitatii unor materiale compozite pentru restaurari
indirecte”.

Obiectiv. Scopul studiului a fost determinarea absorbtiei si solubilitatii in apa a materialului Barodent, in
comparatie cu materialele Gradia/GC Corp si BelleGlass NG/Kerr Corp, precum si evaluarea efectului
postpolimerizarii asupra acestor proprietati.

Material si metodd. Pentru fiecare material s-au realizat cate 12 specimene sub forma de discuri. Jumatate
dintre specimene au fost postpolimerizate conform recomandarilor producatorilor (Grup A), iar cealalta
jumatate a ramas fotopolimerizatd (Grup B). Specimenele au fost imersate in apad timp de 7 zile, ele fiind
cantarite zilnic la intervale stabilite de timp. S-au calculat absorbtia de apa si solubilitatea, iar datele au fost
prelucrate statistic (SPSS, Statistica 7.0) folosind testele Kruskall-Wallis si Mann-Whitney. S-au inregistrat
media, DS si pragul de semnificatie (p) pentru absorbtia de apa si solubilitatea in apa pentru fiecare zi si la
sfarsitul perioadei de testare, pentru fiecare grup. Pragul de semnificatie a fost 0,05.

Rezultate si discutii. Pentru absorbtia de apa s-a constatat ca, materialul Barodent a avut valori semnificativ
mai mari fata de Gradia si respectiv BelleGlass (p=0,002). Barodent a absorbit aproape de 3 ori mai multd apa
fata de Gradia si BelleGlass (Fig.3a) intre care nu au existat diferente semnificative (p=0,13). Solubilitatea a fost
diferita pentru specimenele din ambele grupuri.

Astfel, BelleGlass a avut cea mai mica valoare, urmat apoi de Gradia si Barodent (Fig.3b) existand diferente
statistice intre ele (p=0,002). Toate materialele au un anumit grad de solubilizare, insd pierderea de masa a
fost mascata de absorbtia de apa mult mai mare.
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Fig.3 Grafic al valorilor absobtiei de apa (a) si solubilitatii(b) pentru specimenele postpolimerizate

Comparand cele doua grupuri aflate in studiu (A si B), nu au fost diferente semnificative in ceea ce
priveste absorbtia de apa (p>0,05), in schimb solubilitatea a fost diferitd (p=0,002). Studiul a aratat ca
absorbtia de apa si solubilitatea Tn apa a compozitelor pentru restaurari indirecte depinde de compozitia
materialelor, mai exact de natura si hidrofilia matricii organice si caracteristicile umpluturii anorganice.



Concluzii. Avand in vedere ca intre cele doua grupuri nu au fost diferente semnificative de absorbtie de ap3, se
poate presupune ca aceasta nu a fost influentata de postpolimerizare. Materialul autohton Barodent si cele
control au prezentat absorbtie de apa si solubilitate,insa valorile medii corespund specificatiei ISO 4049:2000:
absorbtie de apa< 40 ug/mm3 si solubilitate Tn apa < 7,5ug/mm3 (dupa 7 zile de imersie n apa).

Capitolul 6. ,Studiul in vitro asupra structurii si adeziunii unui material compozit utilizat pentru restaurari
indirecte”.

Obiectiv. Studiul a urmarit capacitatea compozitului Barodent de a fi utilizat pentru restaurari indirecte de tip
inlay, prin evaluarea structurii materialului si a interfetei adezive create de acesta in raport cu tesuturile dure
dentare. Investigarea s-a facut cu ajutorul microscopiei electronice de baleiaj si a microanalizei de raze X .
Material si metodd. S-au utilizat 40 de molari de minte, integri la nivelul carora au fost preparate cavitati de
clasa Il pentru inlay-uri. Dintii au fost Tmpartiti in doua grupuri de cate 20 de dinti fiecare si au fost restaurati
cu inlay-uri compozite. Primul grup a fost restaurat folosind materialul compozit Barodent/ICCRR , iar pentru
comparatie, Grupul 2 a fost restaurat cu un material compozit de pe piata stomatologica, si anume, BelleGlass
NG/Kerr Corp. Dintii astfel restaurati au fost sectionati la microtom obtindndu-se specimene de 1,5 mm
grosime. Toate specimenele au fost analizate prin microscopie electronica de baleiaj (SEM) si prin microanaliza
elementala (EDX) folosind microscopul Philips L20.

Rezultate si discutii. Spectrul EDX a relevat compozitia elementald si structura compozitului Barodent cu
distributia elementelor caracteristice, atat la nivelul inlay-ului cat si al tesuturilor dentare (Fig.4). In acest caz,
imaginile SEM au aratat prezenta unei interfete continue intre substratul dur dentar si cimentul rasing, si de
asemenea o adaptare buna intre cimentul rasina si inlay-ul compozit.

b)
Fig. 4 Imagini microscopice pentru inlay-urile Barodent: Microanaliza elementala (a), Microfotografie
SEM (b), unde Cl-inlay compozit, RC-ciment rasina, D-dentina
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Concluzii. Analiza prin microscopie electronica de baleiaj si microanaliza elementala au relevat ca materialul
compozit autohton in combinatie cu cimentul si sistemul adeziv corespunzator permit o adaptare interna si
marginala corespunzatoare a inlay-urilor la tesuturile dentare, reducand riscul microinfiltratiei marginale si
sensibilitatii postoperatorii ulterioare.

Capitolul 7. ,,Evaluarea adaptarii marginale a inlay-urilor compozite prin microscopie electronica de baleiaj”.
Obiectiv. Studiul a avut ca scop evaluarea adaptarii marginale si a interfetei adezive a inlay-urilor Barodent
fixate cu diferite sisteme adezive. Calitatea interfetei dinte-ciment rasina-inlay a fost investigata cu ajutorul
microscopiei electronice de baleiaj.

Material si metodd. S-au utilizat 60 de molari de minte integri, la nivelul carora s-au preparat cavitati proximo-
ocluzale, care ulterior au fost restaurate cu inlay-uri Barodent in tehnica indirecta. S-au folosit doua sisteme
adezive experimentale, de tip ,self-etch”(autogravante) cu umplutura de hidroxiapatita (AD-3A, AD-3B/ICCRR)
care au fost comparate atat intre ele cat si cu alti adezivi deja cunoscuti (OptiBond® Solo Plus™ Self-Etch
Adhesive System, OptiBond® All-In-One/Kerr Corp). Pentru fixarea inlay-urilor s-a utilizat un ciment rdsina
NX3®/Kerr in combinatie cu unul din sistemele adezive. Dintii restaurati au fost inglobati in résina acrilicd si
sectionati mezio-distal. S-au obtinut specimene de 1,5 mm grosime, care au fost analizate prin

microscopie electronica de baleiaj la diferite mariri.

Rezultate si discutii. Imaginile SEM au relevat calitatea interfetelor adezive intre substratul dentinar-ciment
rasina-inlay, si anume continuitatea si uniformitatea stratului adeziv, prezenta golurilor de aer de-a lungul
interfetei precum si formarea stratului hibrid (Fig.5).



Fig.5. Imagini SEM pentru interfetele realizate de adezivii autogravanti autohtoni AD-3A,in doua etape (a)
si AD-3B intr-o etapa (b), unde: RC-ciment rasina, HL-strat hibrid, D-dentina,, sdageata”— prezenta golurilor

Pentru toate esantioanele, sistemele adezive autogravante in doua etape au reusit formarea unor
straturi hibride mai groase decat cele intr-o etapd. Adezivii autogravanti experimentali cu hidroxiapatita in
compozitie, au manifestat o adeziune buna la substratul dentar, formand stratul hibrid si o interfata dinte-
ciment rasina uniformd, cu o buna compatibilitate cu cimentul rdsind utilizat pentru fixarea inlay-urilor
compozite. Rezultatele sunt comparabile cu cele obtinute de adezivii comerciali, folositi drept control.
Concluzii. Adezivii autogravanti asigura o adeziune imediatd, buna la tesuturile dentare, dar concentratia
crescuta de monomeri acizi si stratul hibrid subtire format ar putea avea o influenta negativa asupra stabilitatii
adeziunii In timp si asupra rezistentei acesteia la conditiile mediului oral. Se impune evaluarea eficientei
adezivilor autogravanti si a durabilitatii prin studii in vivo.

Capitolul 8. ,Studiul in vitro asupra microinfiltratiei marginale pentru inlay-uri compozite utilizate in
restaurarea morfo-functionala a dintilor posteriori”.

Obiectiv. Studiul a urmarit aprecierea cantitativa a microinfiltratiei marginale pentru inlay-uri compozite si
restaurari directe, in corelatie cu sistemele adezive, cimenturile rasina, materialele de restaurare si tehnica de
restaurare utilizate.

Material si metodd.S-au utilizat 90 de molari de minte extrasi, integri, care au fost impartiti in 9 grupuri a cate
10 dinti. La nivelul fiecarui dinte s-au realizat cate doua cavitati proximo-ocluzale pentru inlay-uri, respectiv
restaurari directe. Pentru restaurarea dintilor s-au utilizat 3 materiale compozite si anume Barodent®/ICCRR,
respectiv Gradia®/GC Corp pentru inlay-uri si Gradia Direct X®/GC Corp pentru restaurarile directe. S-au
realizat cate 60 de restaurari cu fiecare material utilizandu-se diferite sisteme adezive si cimenturi rasina.

S-au descris caracteristicile materialelor de restaurare, ale cimenturilor rasina si sistemelor adezive
utilizate si s-au prezentat succint etapele de preparare a cavitatilor, procedura de realizare a restaurarilor
directe si inlay-urilor (Fig. 6). S-a descris protocolul de fixare a inlay-urilor compozite, fiind prezentata pe larg
metodologia de utilizare a cimenturilor rasina si a sistemelor adezive utilizate in studiu. Astfel au fost descrise
protocoalele de utilizare ale: a)cimentului rasina G-Cem (GC Corp); b) sistemului adeziv Excite DSC+ciment
rasina Variolink Il (Ivoclar-Vivadent); c)sistemului adeziv Optibond FL(Kerr)+ciment rasind Variolink IlI; d)
sistemului adeziv G-Bond (GC Corp).

Fig. 6 Etape de realizare a inlay-urilor compozite: cavitatile preparate, inlay-urile pe model, adaptarea la
nivelul dintilor

Dintii restaurati au fost termociclati (2000 cicluri) la temperaturi diferite (5°C si 55°C). Dintii au fost
imersati Tn solutie de albastru de metilen 2% timp de 24 ore, apoi sectionati in sens mezio-distal obtinandu-se
o sectiune de 1 mm grosime prin mijlocul restaurarilor.

Evaluarea microinfiltratiei marginale a colorantului s-a facut cu ajutorul unui microscop optic (Olympus
KC301, Olympus Inc. si soft-ul QuickPhoto Micro 2.2). S-au urmarit valorile microinfiltratiei marginale la nivelul
dentinei si smaltului care au fost raportate la lungimea interfetei, reprezentand proportia microinfiltratiei in
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dentina, respectiv in smalt. Datele obtinute au fost prelucrate statistic, utilizdndu-se testele Kruskall-Wallis,
Mann-Whitney si respectiv, Wilcoxon. Datele au fost reprezentate grafic tip « box plot » (mediana, percentile
25%-75%, min-max) si tip « line ». Calculele statistice au fost efectuate cu ajutorul aplicatiilor SPSS 13.0,
Statistica 7.0 si Microsoft EXCEL. Nivelul de semnificatie a fost 0,05.

Rezultate si discutii. Analiza prin microscopie optica si prelucrarea statistica a rezultatelor a permis aprecierea
cantitativd a microinfiltratiei marginale pentru inlay-uri si restaurari directe, in functie de diferitele sisteme
adezive/cimenturi rasina si de materialele de restaurare utilizate. Microinfiltratia marginala a fost prezenta la

majoritatea restaurarilor, atat la nivelul limitei preparatiei aflata in smalt cat si la nivelul limitei situata n
dentina.(Fig.7)

a). b)-

Fig.7. Imagini microscopie optica cu masurarea microinfiltratiei, lungimii interfetei adezive pentru inlay-uri
compozite Gradia (a), respectiv Barodent (b)

Prin compararea grupurilor care au utilizat acelasi material compozit, s-au observat diferente
semnificative (p<0,05), atat la nivelul dentinei (p=0,00001 pentru inlay-urile Gradia; p=0,0002 pentru
Barodent; p=0,00001 pentru restaurari directe cu Gradia Direct X), cat si la nivelul smaltului (p=0,0004 pentru
inlay-urile Gradia; p= 0,000001 pentru inlay-urile Barodent; p=0,000001 pentru restaurarile directe) (Fig. 8).

Pentru a evalua influenta materialelor utilizate in fixarea inlay-urilor (ciment rdsind+ sistem adeziv), s-a
folosit un ciment rasind autoadeziv (G-Cem) si un ciment rasina dual-polimerizabil Variolink 11/ Ivoclar-Vivadent
in combinatie cu sistemele adezive clasice Excite DSC / Ivoclar-Vivadent si Optibond FL/Kerr. Inlay-urile
compozite au prezentat o adaptare marginald buna in privinta microinfiltratiei la nivelul dentinei si smaltului,
comparativ cu tehnicile directe. Inlay-urile compozite fixate cu sisteme adezive tip gravare-spalare au avut o
microinfiltratie marginald mai mica la nivelul dentinei decat cele fixate cu sisteme autoadezive.

Microleakage lengthfinterface length

00 ﬁ - S = :L i e a

B dentin
0.2 B enamel
a) Group 2 Group 6 Group 7 b)

Fig. 8. Reprezentarea grafica (mediana, percentile 25-75%, valorile minime si maxime) a proportiei
microinfiltratiei in dentina, respectiv smalt pentru inlay-urile Barodent (a) si Gradia (b)

ntre inlay-urile compozite fixate cu sisteme adezive clasice nu au fost diferente statistice semnificative
privind proportia microinfiltratiei in dentind (p=0,37 pentru inlay-urile Gradia, si p=0,76 pentru inlay-urile
Barodent). Restaurarile directe realizate cu aceleasi sisteme adezive de tip gravare-spalare au avut o
microinfiltratie semnificativ mai mica fata de cele realizate cu un adeziv autogravant (p=0,00001), iar intre
restaurarile directe realizate cu sistemele adezive clasice nu au fost diferente semnificative(p=0,40).
Concluzii. Studiul a relevat un anumit grad de microinfiltratie marginald pentru toate restaurarile realizate,
inlay-uri compozite sau obturatii directe. Proportia microinfiltratiei marginale a fost semnificativ mai mica la
nivelul smaltului comparativ cu dentina (pentru toate esantioanele).Inlay-urile Barodent si Gradia au condus la
rezultate optime privind microinfiltratia, subliniind superioritatea tehnicii fata de restaurarile prin metoda
directa. Adaptarea lor marginala depinde insa de calitatea cimentului si adezivilor utilizati pentru fixare.
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Capitolul 9. ,,Studiul comparativ al performantelor clinice ale inlay-urilor compozite”
Obiectiv. Studiul a urmarit evaluarea performantelor clinice in timp, pentru doua sisteme compozite indicate
pentru restaurari indirecte (BelleGlass/ Kerr, respectiv Gradia/GC) pentru a evidentia calitatile inlay-urilor
compozite in refacerea morfo-functionala a dintilor posteriori.
Material si metodd. S-au aplicat 72 de inlay-uri compozite la nivelul molarilor (60 de pacienti) pentru inlocuirea
unor restaurdri necorespunzatoare sau tratamentul unor leziuni carioase. Alegerea pacientilor s-a bazat pe o
serie de criterii generale si locale. S-au aplicat cate 36 inlay-uri din cele dou3 materiale mentionate. in functie
de situatia clinica existentad, s-au aplicat unul sau doua inlay-uri per pacient.

Inlay-urile compozite au fost realizate conform instructiunilor date de producatori. Pentru cimentare s-
a utilizat cimentul rasina Variolink Il/lvoclar-Vivadent in combinatie cu sistemul adeziv Excite DSC/Ivoclar-
Vivadent, conform instructiunilor date de producatori. Inlay-urile compozite au fost evaluate dupa criteriile
USPHS modificate pentru forma anatomica, adaptare marginald, adaptarea culorii, coloratia marginala, carii
secundare, acordandu-se scoruri la fiecare evaluare. Aprecierea clinica a inlay-urilor s-a facut in ziua aplicarii
restaurarilor (ziua 0), iar reevaluarile s-au facut la 1 lung, la 6 luni, 1 an si 2 ani.

Datele au fost prelucrate statistic prin testul Fisher- exact si curbele Kaplan —Meier de supravietuire.
Nivelul de semnificatie a fost 0,05, iar pentru prelucrare s-au utilizat softurile SPSS si Statistica 7.0.
Rezultate si discutii. Pe parcursul celor 2 ani de zile nu s-au Tnregistrat pierderi din evidenta ale pacientilor si
nici pierderi ale restaurarilor prin fractura sau carii secundare marginale. Toate restaurarile au primit scoruri
Alfa (A) sau Bravo (B), considerate clinic acceptabile. (Fig.9) Analiza statisticd nu a relevat diferente
semnificative intre cele doua grug_gri investigate (p>0,05).

b) e

a) :
Fig.9 Restaurare cu inlay compozit Gradia : situatia initiala (a), situatia la 2 ani (b)

Dupa 2 ani de la aplicare, nu s-a observat aparitia cariilor secundare marginale, si nici fractura inlay-

urilor compozite aplicate, poate si datorita perioadei relativ scurte in care s-a efectuat evaluarea clinica. Cele
doud materiale au dat rezultate comparabile si bune. Comportamentul clinic al inlay-urilor a fost determinat
atat de calitatea materialelor compozite utilizate cat si de combinatia ciment rasina- sistem adeziv folosita
pentru fixarea lor.
Concluzii. Materialele Gradia si BelleGlass au avut o evolutie similara in timp. Atat inlay-urile Gradia cat si inlay-
urile BelleGlass au prezentat dupa 2 ani, usoare modificari in ceea ce priveste colorarea marginala, colorarea
suprafetei si adaptarea marginala, insa, restaurarile au ramas Tn continuare clinic acceptabile. Rezultatele si
analiza statisticd a datelor indicd o rata mare de supravietuire la doi ani a inlay-urilor compozite, ceea ce ar
putea sa indice o durabilitate in timp ridicata a acestora.

Capitolul 10. Concluzii generale

1. Pentru corectitudinea realizarii inlay-urilor compozite si pentru asigurarea reusitei restaurarilor prin aceasta

tehnica este necesara respectarea cu strictete a metodologiei de lucru. Cercetdrile efectuate au condus la

elaborarea protocolului clinico —tehnic de realizare si aplicare a inlay-urilor compozite in restaurarea

morfofunctionala a coroanelor dentare.

2. Studiile privind proprietatile fizico-chimice si mecanice ale materialului compozit de provenienta autohtona

pentru realizarea de inlay-uri, sustinute de prelucrarea statistica a rezultatelor, au aratat ca:

= Materialul compozit Barodent (produs experimental) prezinta proprietati mecanice asemandtoare cu
materialele deja cunoscute (BelleGlass si Gradia) ceea ce permite utilizarea acestuia in realizarea de inlay-
uri in zona dintilor laterali.

=  Proprietatile fizico-mecanice ale compozitului Barodent sunt influentate de structura materialului, si
anume de tipul de matrice organicd (pe baza de bis-GMA), precum si de cantitatea si felul umpluturii
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anorganice (sticla de bariu, silice coloidala, cuart). Imbunatatirea formulei materialului ar putea ameliorara
proprietatile lui, existand astfel posibilitatea depasirii unora dintre caracteristicile materialelor existente.

= Materialul compozit autohton Barodent, la fel ca materialele control utilizate, a avut absorbtie de apa si
solubilitate, Tnsa valorile medii inregistrate corespund cerintelor standardului 1SO 4049: absorbtie de apa
mai mica de 40 ug/mm3 si solubilitate Tn apa mai mica de 7,5ug/mm3 (dupa 7 zile de imersie in apa).

= Compozitia materialului autohton Barodent cu o cantitate mai micd de umpluturd anorganica (65% wt) si
cu o matrice organica bazata pe monomeri hidrofilici, susceptibild la absorbtia de apa, explica proprietatile
observate pentru acest material.

3. Analiza prin microscopie electronica de baleiaj a permis evaluarea structurii si a adaptarii marginale a inlay-

urilor compozite Barodent in comparatie cu cele realizate cu un material comercial,astfel:

=  Materialul compozit Barodent are caracteristici structurale similare cu cele ale compozitului BelleGlass.

= Utilizarea inlay-urilor fabricate din compozitul Barodent in asociere cu un ciment cu prizd duald combinat
cu un sistem adeziv de tip gravare-spalare favorizeaza o inchidere marginala etansa a restaurarilor
indirecte.

4. Analiza prin microscopie electronica de baleiaj efectuata asupra inlay-urilor compozite Barodent fixate cu

diferite sisteme adezive (experimentale si comerciale) a permis evaluarea interfetelor dinte-ciment rasina-inlay

si evidentierea diferentelor privind calitatea adaptarii marginale a restauradrilor investigate. S-au constatat

urmatoarele:

* Tn majoritatea cazurilor, interfetele dinte-ciment rasind- inlay compozit sunt continue si existd o bund
adaptare marginala a acestor restaurari.

= Cei doi adezivi experimentali, adezivul autogravant in doua etape (AD-3A) si adezivul autogravant intr-o
etapa (AD-3B) formeaza stratul hibrid, realizdnd o adeziune buna la substratul dentinar si o interfata dinte-
ciment rdsind uniforma. Aceste rezultate ar putea fi explicate de utilizarea umpluturii pe baza de
hidroxiapatita; se formeaza legaturi aditionale intre monomeri, hidroxiapatita si colagenul din structurile
dentare.

= Adezivii experimentali autogravanti de provenientda romaneasca au o buna compatibilitate cu cimentul
rasina utilizat pentru fixare. Rezultatele sunt comparabile cu cele obtinute de adezivii folositi pentru
comparatie.

= Adezivii autogravanti in doua etape par sa formeze un strat hibrid mai gros si mai omogen decat adezivii
autogravanti intr-o etapa.

= Rezultatele obtinute in vitro arata beneficiile adezivilor autogravanti din punct de vedere al simplitatiii
protocolului clinic. Se impune evaluarea prin studii in vivo a eficientei adezivilor autogravanti si a
durabilitatii Tn timp a adeziunii.

5. Analiza prin microscopie optica si prelucrarea statistica a rezultatelor a permis aprecierea cantitativa a

microinfiltratiei marginale pentru inlay-uri (Barodent, Gradia) si restaurari directe (Gradia Direct X) in corelatie

cu diferite sisteme adezive, cimenturi rasina si materialele de restaurare. S-a concluzionat ca :

= Compozitele de laborator Barodent si respectiv Gradia au un comportament asemanator in ceea
ce priveste microinfiltratia marginala la nivelul smaltului si dentinei, aceasta fiind influentata de cimentul
rasina utilizat la fixarea inlay-urilor compozite.

= Sistemele adezive de tip gravare-spalare, precum si combinatia acestora cu un ciment rasina clasic

utilizate pentru fixarea inlay-urilor compozite au reusit o inchidere marginala buna la nivelul dentinei si

optima la nivelul smaltului.

= |Inlay-urile reprezinta o alternativa superioara in restaurarea dintilor posteriori atunci cand limitele
restaurdrilor directe sunt depasite.

= Adaptarea lor marginala depinde de calitatea cimentului si adezivilor utilizati pentru fixare.

6. Studiul clinic comparativ efectuat cu materiale comerciale (Gradia, BelleGlass) a relevat faptul ca inlay-urile

compozite pot fi utilizate cu succes in refacerea morfofunctionald si estetica a dintilor posteriori. S-a constatat

ca:

= Cele doua materiale au avut o evolutie similara in timp. Atat inlay-urile Gradia cat si inlay-urile BelleGlass
au prezentat usoare modificari in ceea ce priveste colorarea marginald, colorarea suprafetei si adaptarea
marginala, Tnsa restaurdrile au rdmas in continuare clinic acceptabile.

= Rezultatele si analiza statistica a datelor indica o rata mare de supravietuire la doi ani a inlay-urilor
compozite, ceea ce ar putea sa indice o durabilitate ridicata a acestora in timp.
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= Se recomanda o evaluare clinica pe o perioada de timp mai lunga (decat cea utilizata in studiul de fata)
pentru a valida protocolul clinico —tehnic de realizare si aplicare a inlay-urilor si pentru a confirma
avantajele oferite de aceasta tehnica in refacerea morfofunctionala a dintilor posteriori.

Inlay-urile compozite reprezinta restaurari fiabile si durabile pentru refacerea morfofunctionalad a
dintilor posteriori. Compozitul Barodent, material de provenientd autohtona, intruneste calitatile necesare
realizarii de restaurari indirecte. Cimenturile rasina si sistemele adezive investigate au favorizat obtinerea
unor restaurari indirecte cu adaptare marginalda adecvatd. Calitatea adaptarii marginale a inlay-urilor
compozite nu depinde numai de materialul compozit sau de protocolul de realizare al restaurarii, ci este
influentata si de sistemul de fixare al acesteia, si anume cimentul rasina cu sau fara sistem adeziv.
Durabilitatea inlay-urilor compozite este asigurata de calitatile materialului de restaurare, de respectarea cu
strictete a protocolului de catre medic si de motivatia si constiinciozitatea pacientului.
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The PhD thesis « Application of inlays for dental crown restoration» is structured in two main parts,
that is, PART I which systematises data from the literature referring at the use of composite materials in the
restorative dentistry, and respectively PART Il that includes the personal contributions, consisting of a series of
experimental research regarding the use of composite inlays for posterior teeth restoration.
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The main objectives of the thesis were:

= Elaboration of the clinical and technical protocol for composite inlays’ realisation and application, with the
purpose of achieving qualitative and durable restorations.

= Evaluation of the ability of a Romanian experimental composite material to be used for inlay restorations,
as well as of some Romanian experimental adhesive systems for inlays’ luting procedure.

= Analysis of the restoring quality of the inlays fabricated with the Romanian composite, in comparison with
other well-known composite materials.

= Evaluation of the clinical performances of composite inlays as a superior alternative for posterior teeth
restoration.

Most of the experimental research took place at the Faculty of Dental Medicine of the ,luliu
Hatieganu” University of Medicine and Pharmacy, Cluj-Napoca with the permanent help from the Dental
Composites Department from the ,Raluca Ripan” Institute for Research in Chemistry (ICCRR), Cluj-Napoca. A
part of the fundamental research on the indirect composite materials was performed during an internship
training in research at the Faculty of Odontology of the ,Victor Segalen” University, Bordeaux 2, France, with
the help of the French branch of GC Corporation ,GC France sas”.

The thesis is structured in 10 chapters to which, the introduction and the bibliography (307 citations in
their appearance order) are added.

Chapter 1. ,,Current concepts regarding the posterior teeth restorative techniques using composite resins”
Chapter 2. ,, Factors influencing the clinical outcome of composite inlays”

Chapter 3. ,,Clinical and technical protocol for composite inlays fabrication” describes thoroughly the clinical
and technical steps for the realisation of composite inlays by indirect technique, underlining the importance in
respecting the exact steps for successful restorations.

Chapter 4. ,Study of the mechanical properties of some indirect composite materials”.

Objective. The purpose of this study was the characterisation of the physical and chemical properties of a
Romanian laboratory processed material, Barodent®, manufactured by ICCRR, indicated for indirect
restorations, as well as the evaluation of the mechanical properties of Barodent material in comparison with
other well-known indirect composite resins.

Material and method. The main characteristics of the Barodent material are shown in Table 1. Flexural
resistance, compressive strength and diametral tensile strength were tested for three composite materials
used for inlay restorations, that is Barodent®, Gradia/ GC Corporation, BelleGlass NG/ Kerr Corporation.

Table 1. Composition of Barodent material

Producer Organic matrix Inorganic filler
Components Barium glass
ICCRR, . . 50% barium glass; 20% 45% SiO,; 17% B,03;10% Al,03;
Romania Bis-GMA -based resin colloidal silica; 30% quartz 20 % BaO; 8% NaF- CaF,

Ten specimens of each material were manufactured for the above mentioned tests using special
moulds (Fig.1).

Specimen manufacture and testing were done according to the
manufacturers’ instructions and to the international standards.
All data were statistically analysed using Anova and PostHoc
Bonferonni tests for flexural strength (FS) and Mann-Whitney
test for compressive strength (CS) and diametral tensile
strength (DTS). The significance level was 0,05. For the
statistical analysis SPSS 13.0 and Statistica 7.0 softwares were
used.

Results and discussions. Data of the mechanical tests (FS, CS, DTS) are graphically represented (Fig.2), and the
mean values (mean), standard deviations (DS) and the significance level for each material were systematised in
tables.

Fig.1 Specimens for flexural strength

This study showed that the flexural strength was bigger for BelleGlass composite (84,58 MPa),
followed by Barodent (63.16 MPa) and Gradia (61.68MPa) composites, the differences between the three
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materials being statistically significant (p ANOVA=0,0003). For the compressive strength, BelleGlass(241.64
MPa) and Gradia(226.11MPa) materials showed the bigger values with no statistical differences between the
two composites (p=0.48). The mean values for the diametral tensile strength were situated between 37. 23
MPa (BelleGlass) si 43.21 MPa (Gradia).
The Barodent composite had an intermediate value between
the well known resins. Statistical differences were found
between Barodent and BelleGlass (p=0.04). Although BelleGlass
had the smaller value for DTS, no statistical differences were
observed between Gradia and BelleGlass (p=0.06) because of
the standard deviation from the mean, which was bigger for
BelleGlass (5.94 for BelleGlass, respectively 5.71 for Gradia).
- : The mechanical properties of the materials are influenced by
Fig.2 Plot of the mechanical tests results the content and the type of the inorganic filler as well as by the
for the tested materials organic matrix composition.

Conclusions. It is important for the clinician to come to knowledge of the mechanical properties of materials
and to understand their behaviour in stress conditions for the successful treatment with indirect restorations.
The Barodent composite material has similar mechanical properties with the materials used as control, thus
being able to resist to functional masticatory forces.

Chapter 5.,In vitro study of water sorption and solubility of some composite materials for indirect
restorations”.

Objective. The purpose of this study was to determine the water sorption and solubility of the Barodent
composite material, in comparison with Gradia and BelleGlass materials, used for inlay fabrication as well as to
evaluate the post-curing effect on these materials.

Material and method. Twelve disc- shaped specimens were prepared for each of the three materials. Half of
them was post-cured according to the manufacturers’ instructions (Group A), and the other half was only light-
cured (Group B). All specimens were immersed in distilled water for 7 days, and they were weighed each day
at fixed period of time. Water sorption and solubility were calculated and all data were statistically analysed
(SPSS, Statistica 7.0) using Kruskall-Wallis si Mann-Whitney tests. Mean values, DS and significance level(p) for
water sorption and solubility were recorded for both groups, every day and at the end of the immersion
period. The significance level was 0.05.

Results and discussions. The water sorption analysis showed that Barodent material had significant bigger
values than Gradia and BelleGlass (p=0.002). The Romanian composite absorbed 3 times much water than
Gradia and BelleGlass (Fig.3a) which didn’t differ significantly (p=0,13). The solubility in water was different
for all specimens. Thus, BelleGlass had the smallest value, followed by Gradia and Barodent (Fig.3b), the
differences between the materials being significant (p=0,002). All tested materials had a certain degree of
solubilisation, but the mass loss was shielded by the bigger water sorption.
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Fig.3 Water sorption (a) and solubility (b) values for the post-cured specimens

By comparing the two study groups (A and B), no statistical significant differences were found
regarding the water sorption (p>0.05), but there were between the solubility values (p=0.002). The study
showed that the water sorption and solubility of the indirect composite resins were influenced by the
materials’ composition, more precisely by the nature and hydrophilicity of the organic matrix and the
characteristics of the inorganic filler.
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Conclusions. Since there were no statistical differences between both groups of specimens regarding water
sorption, it could be concluded that the results were not influenced by the post-curing process. The Romanian
Barodent composite as well as the materials used as control, had water sorption and solubility, but the mean
values correspond to 4049 ISO standard specification: water sorption value less than 40 ug/mm3 and solubility
less than 7,5ug/mm? (after 7 days of water storage).

Chapter 6. ,, In vitro study of structure and adhesion of a composite material for indirect restorations”.
Objective. This study tested the ability of the Barodent composite to be used for inlay-type indirect
restorations, by evaluating the material’s structure and the adhesive interface created between inlays and
dental structures. The investigations were performed by scanning electron microscopy and X-ray dispersive
energy analysis (EDX).

Material and method. In this study, 40 extracted, caries free third molars were used on which class Il cavities
for inlays were prepared. Teeth were divided into 2 groups of 20 teeth each and then they were restored with
composite inlays. In Group |, teeth were restored using Barodent/ICCRR composite, while in Group Il a well
known composite was used, that is BelleGlass NG/Kerr Corp. The restored teeth were sectioned using a low
speed diamond saw resulting 1.5 mm specimens and then they were analyzed. The specimen analysis was
done by scanning electron microscopy (SEM) and X-ray dispersive energy analysis (EDX) using a Philips L20
electron microscope.

Results and discussions. The EDX analysis revealed the elemental composition and the structure of the
Barodent composite with the element distribution map both in the inlay restoration and the dental tissues
(Fig.4). In this case, SEM images showed the presence of a continuous interface between the dental substrate
and resin cement, and also a good adaptation between the resin cement and composite inlays.

b)
Fig. 4 SEM images for Barodent inlays: Elemental analysis (a), SEM image (b), where Cl-composite
inlay, RC-resin cement, D-dentin

a).mDP

Conclusions. The scanning electron microscopy and the X-ray dispersive energy analysis (EDX) revealed that
the Romanian composite material in combination with the right resin cement and adhesive system allow a
proper internal and marginal adaptation of inlays to tooth structure, minimizing future microleakage and
postoperative sensitivity related to the indirect restoration.

Chapter 7. ,, Scanning electron microscopy evaluation of marginal adaptation of composite inlays”.

Objective. The purpose of this study was to evaluate the marginal adaptation and adhesive interface of
Barodent composite inlays luted with different adhesive systems. The quality of the tooth-resin cement-inlay
interfaces was investigated using scanning electron microscopy analysis.

Material and method. Standard proximo-occlusal cavities were prepared for inlays, on 60 extracted, sound
permanent molars and then restored with Barodent composite inlays, manufactured by the indirect technique.
Two experimental hydroxyapatite filled self-etch adhesive systems (AD-3A, AD-3B/ICCRR) were used in
comparison with other well-known adhesives (OptiBond® Solo Plus™ Self-Etch Adhesive System, OptiBond®
All-In-One/Kerr Corp). The composite inlays were luted using the dual-cured resin cement NX3®/Kerr in
combination with one of the adhesive systems. Teeth were embedded in acrylic resin and then sectioned
mesio-distally. Specimens of 1.5 mm width were analysed by scanning electron microscopy at different
magnitudes.

Results and discussions. SEM images revealed the quality of the adhesive interface between the dental
substrate-resin cement-inlay, more precisely the continuity and the uniformity of the adhesive layer, the
presence of voids along the interface and the formation of the hybrid layer (Fig.5).
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Fig.5. SEM images for the interfaces realised by the Romanian adhesives: AD-3A ,two-step self-etch (a) and
AD-3B one-step self-etch (b), where: RC-resin cement, HL-hybrid layer, D-dentin, ,, arrow” —voids

For all specimens, the two-step self-etch adhesive systems formed hybrid layers thicker than the one-

step self-etch adhesives. The Romanian experimental hydroxyapatite self-etch adhesives achieved a good
adhesion to the dental substrate, forming the hybrid layer and a uniform tooth-resin cement interface with a
good compatibility with the resin cement used for luting the restorations. The results are comparable with the
well-known adhesives used as control.
Conclusions. Self-etch adhesives assure an immediate, good bond to the dental tissues, but the big
concentration of the acidic monomers and the thin hybrid layer formed, may have a negative effect on the
adhesion stability and on its resistance in oral environment. Therefore, it is recommended to evaluate the
efficiency and the adhesion durability of the self-etch adhesives by in vivo studies.

Chapter 8. ,,In vitro study of marginal microleakage of composite inlays used for posterior teeth restorations”.
Objective. The purpose of this study was the quantitative evaluation of marginal microleakage of composite
inlays and direct restorations, as influenced by the adhesive systems, resin cements, restorative materials and
techniques.

Material and method. For this study, 90 extracted, sound molars were divided in 9 groups of 10 teeth. On each
tooth, two proximo-occlusal cavities were prepared for inlays and direct restorations. Three composite
materials were used, that is Barodent®/ICCRR, respectively Gradia®/GC Corp for inlays and Gradia Direct
X®/GC Corp for direct restorations. Sixty restorations were prepared with each material using different
adhesive systems and resin cements.

The characteristics of the restorative materials, resin cements and adhesive systems were described,
and the steps for cavity preparation as well as the protocol for restorations’” manufacture were thoroughly
presented (Fig. 6). The luting procedure for composite inlays was presented, describing the methodology for
the application of resin cements and adhesive systems. Therefore, there were presented the protocols of
application of: a) the G-Cem/GC Corp resin cement; b) the Excite DSC adhesive system+ Variolink Il/lvoclar-
Vivadent resin cement; c) the Optibond FL/Kerr adhesive system+ Variolink Il resin cement; d) G-Bond/GC Corp
adhesive system.

(e —— 8.0)
Fig. 6. Steps for composite inlay manufacture: cavity preparation, inlay fabrication on models, inlay
adaptation on the prepared cavities

The restored teeth were thermocycled (2000 cycles) at different temperatures (5°C and 55°C). Teeth
were immersed for 24 hours in 2% methylene blue solution and then sectioned mesio-distally, obtaining 1
mm thick specimens through the middle of the restorations.

The evaluation of the microleakage was achieved using an optical microscope (Olympus KC301,
Olympus Inc. and QuickPhoto Micro 2.2 software). The microleakage values in dentin and enamel were
measured, and then reported to the interface length, representing the proportion of microleakage in dentin,
respectively in enamel. The results were statistically analysed using Kruskall-Wallis, Mann-Whitney and
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respectively, Wilcoxon tests. Data were presented in graphics « box plot » (median, 25%-75% percentiles, min-
max) and «line » types. The statistics were done with SPSS 13.0, Statistica 7.0 and Microsoft EXCEL
applications. The level of significance was 0.05.

Results and discussions. The optical microscopy and the statistical analysis allowed the quantitative evaluation
of the microleakage of composite inlays and direct restorations, as influenced by the different adhesive
systems/ resin cements and the restorative materials. The microleakage was present for the majority of the
restorations, both in dentin and in enamel limits (Fig.7).

Fig. 7 Mlcroscopy images measuring the microleakage for Gradla (a), respectively Barodent inlays (b)

By comparing the groups of specimens that used the same composite material, significant statistical
differences were observed (p<0.05), in dentin (p=0.00001 for Gradia inlays; p=0.0002 for Barodent inlays;
p=0.00001 for Gradia Direct X restorations), as well as in enamel (p=0.0004 for Gradia inlays; p= 0.000001 for
Barodent inlays; p=0.000001 for direct restorations) (Fig. 8).

In order to evaluate the influence of the materials for luting inlays ( resin cement+ adhesive system),
there were used an auto-adhesive resin cement (G-Cem) as well as a dual-cured resin cement, Variolink II/
Ivoclar-Vivadent in combination with a classic adhesive system Excite DSC / Ivoclar-Vivadent or Optibond
FL/Kerr.

Composite inlays had a good marginal adaptation regarding microleakage in dentin and enamel, in
comparison with the direct restorations. Composite inlays luted with the classic etch- and- rinse adhesive
systems had a lower marginal microleakage in dentin than the ones luted with the auto-adhesive resin
cement.

Microleakage length/interface length

00 ﬁ = il L "~ a

E= denin
02 ES enamel
a) Group 2 Group 6 Group 7 b)

Fig. 8. Box plot (median, 25-75% percentiles, min- max) of the proportion of microleakage in dentin
and enamel for Barodent (a), respectively Gradia (b) inlays

No statistical differences were observed between the composite inlays luted with the dual-cured resin
cement in combination with the etch and rinse adhesives (p=0.37 for Gradia inlays and p=0.76 for Barodent
inlays). Also, the direct restorations using the same etch and rinse adhesives had less microleakage than the
self-etch adhesive (p=0.00001). There were no statistical significant differences (p=0.40) between the groups
that used the etch and rinse adhesives.

Conclusions. The study revealed a certain degree of microleakage for all the restorations, composite inlays

or direct restorations. For all specimens, the proportion of microleakage in dentin was more reduced than in
enamel.

Barodent and Gradia inlays obtained good results regarding marginal microleakage underlining the advantages
of the technique over the direct restorations. The marginal adaptation of inlays depends on the quality of the
resin cement and the adhesive used for the luting procedure.
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Chapter 9.,,Comparative study of the clinical performances of composite inlays”.

Objective. The purpose of this study was the evaluation of the clinical performances for two composite
materials used for indirect restorations (BelleGlass/ Kerr, respectively Gradia/GC) in order to put in evidence
the quality of composite inlays in morpho-functional restoration of posterior teeth.

Material and method. Seventy-two composite inlays were applied on molars (in 60 patients) in order to
replace damaged restorations or for the treatment of carious lesions. The patients were chosen according to
general and local inclusion criteria. Thirty-six inlays were applied from each of the two above-mentioned
materials. According to the clinical situation, one or two inlays were applied per patient.

Composite inlays were manufactured according to the producers’ instructions. For the luting
procedure, the dual-cured resin cement Variolink Il/Ivoclar-Vivadent in combination with the adhesive system
Excite DSC/Ivoclar-Vivadent were used, according to the manufacturers’ instructions.

Composite inlays were evaluated using the USPHS modified criteria for anatomic form, marginal
adaptation, colour match, marginal discoloration, secondary caries, using appreciation scores at each
evaluation. The clinical evaluation was done at the baseline (day 0) and the re-evaluations were performed at
1 month, 6 month, 1 year and 2 years.

The results were statistically analysed using Fisher-exact test and Kaplan-Meier survival curves. The
significance level was 0.05, and the analysis was performed using SPSS and Statistica 7.0 softwares.

Results and discussions. During the 2 years of investigation there were no reported withdrawals of the patients
or losses of the restorations by fracture or recurrent caries. All restorations received Alfa (A) or Bravo (B)
scores, being considered clinical acceptable (Fig.9). The statistical analysis revealed no significant differences
between the investigated groups (p>0.05).

w

a) b))t
Fig.9 Gradia composite inlay restoration : situation at baseline (a), situation at 2 years (b)

After 2 years from application, no secondary caries and no composite inlays fracture were noticed,

maybe because of the short period of clinical investigation. Comparable and good results were obtained at
evaluation for the two materials. Their clinical performance was determined both by the quality of the
composite materials as well as by the combination of resin cement- adhesive system used for the luting
procedure.
Conclusions. The two materials behaved similarly in time. After 2 years, both Gradia and BelleGlass inlays
presented some changes, regarding the marginal discoloration, surface coloration and marginal adaptation,
but, all restorations remained clinical acceptable. The results and the statistical analysis show a great survival
rate of the composite inlays, at two years, which could indicate a high durability of these restorations in time.

Chapter 10. General conclusions

1. For the correct application of composite inlays and for assuring their clinical success it is very important to

strictly respect every step of the methodology used for their realisation. The accomplished research helped to

elaborate the clinical and technical protocol for composite inlay fabrication and application in the morpho-

functional teeth restoration.

2. The studies regarding the physical-chemical and mechanical properties of the Romanian experimental

composite material for indirect inlay restorations, supported by the statistical analysis, showed that:

= Barodent composite material has mechanical properties similar to BelleGlass and Gradia materials, which
indicates the ability to be used for posterior teeth restoration with inlays.

= The physical and mechanical properties of Barodent composite material had been influenced by the type
of organic matrix (Bis-GMA based resin) as well as by the quantity and type of inorganic filler (barium glass,

21



colloidal silica, quartz). The improvement in the material’s formulation could ameliorate its properties, and
perhaps to exceed some of the characteristics of the already known materials.

= The Romanian composite Barodent, as well as the materials used for control had water sorption and
solubility, but the mean values are in agreement with the international standard I1SO 4049/2000: water
sorption less than 40 ug/mm3 and solubility less than 7.5;vtg/mm3 (after 7 days of immersion).

= The water sorption and solubility results of Barodent material were determined by its composition i.e. the
smaller quantity of inorganic filler (65% wt) and the organic matrix based on hydrophilic monomers
(sensitive to water sorption).

3. The scanning electron microscopy allowed the evaluation of the structure and marginal adaptation of

composite inlays. It could be concluded that:

= The Barodent composite material had similar structural characteristics to the BelleGlass material.

= The use of Barodent composite inlays in combination with the adequate resin cement and adhesive system
is in the favour of a good marginal seal of indirect restorations.

4. The scanning electron microscopy performed on Barodent inlays luted with different adhesive systems

(experimental and well-known) allowed the evaluation of the tooth-resin cement-inlay interfaces and the

observation of the quality of marginal adaptation. The following conclusions could be ascertained:

= In most of the cases, the tooth-resin cement-composite inlay interfaces were continuous, with a good
marginal adaptation of the restorations.

= The Romanian experimental adhesive systems, the two-step self-etch (AD-3A) and one-step self-etch (AD-
3B) adhesives, are capable of producing a good adhesion to the dental substrate and a uniform interface
between the tooth and the resin cement. These results could be explained by the hydroxyapatite-filler of
the adhesive systems; additional bonds between monomers, hydroxyapatite and the collagen from the
dental structures are formed.

= The self-etch experimental adhesives have a good compatibility with the resin cement used for
cementation. The results are comparable to those for the adhesives used as control.

=  Two-step self-etch adhesive systems seem to form a thicker and a more homogenous hybrid layer than the
one-step self-etch adhesives.

= These in vitro results show the benefit of the self-etch adhesives regarding their simplified clinical
protocol. Therefore, it is recommended to evaluate the efficiency and the adhesion durability of the self-
etch adhesives by in vivo studies.

5. The optical microscopy and statistical analysis allowed the quantitative evaluation of the microleakage for

composite inlays (Gradia, Barodent) and direct restorations (Gradia Direct X), as influenced by different

adhesive systems, resin cements and restorative materials. The following conclusions could be drawn:

= Barodent and Gradia indirect composite resins had a similar behaviour regarding the marginal
microleakage in enamel and dentin, this being influenced by the resin cement used for inlay luting
procedure.

= The etch and rinse adhesive systems, as well as their combination with a conventional dual-cured resin
cement for inlay luting procedure, succeeded a good marginal seal in dentin and an optimal seal in
enamel.

= Composite inlays represent a superior alternative for posterior teeth restoration, whenever the direct
restorative limits are overtaken.

=  Their marginal adaptation depends on the qualities of the resin cements and adhesive systems used for
cementation.

6. The clinical comparative study of the Gradia and Belleglass indirect composite resins revealed the successful

use of inlays for the morpho-functional and aesthetic restoration of posterior teeth.

= The two investigated materials had similar behavior in time. There were observed small changes regarding
the marginal coloration, surface coloration and marginal adaptation for both Gradia and BelleGlass inlays,
but all restorations remained clinical acceptable.

= The survival rate at 2 years for composite inlays was great, that could indicate a long durability of these
restorations over a great period of time.

= A long-term clinical evaluation is recommended in order to validate the clinical protocol for composite
inlay application and to confirm the advantages of this technique in posterior teeth morpho-functional
restoration.
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Composite inlays represent good and durable restorations for the posterior teeth. The Barodent
composite is a Romanian experimental material that fulfils the requirements for indirect restorations. The
guality of the marginal adaptation for composite inlays does not depend only on the composite material or on
the protocol for restoration’s realisation, but it is also influenced by the luting material i.e. the resin cement
with or without the adhesive system. The durability of the composite inlays is assured by the quality of the
restorative material, the clinician’s accuracy during every step of the protocol and the patient’s motivation and
conscientiousness.
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