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CUVINTE CHEIE

proteze dentare, polimetacrilat de metil, grafene, nano particule de argint, efect
antimicrobian, proprietafi fizico-mecanice, solubilitate, ductilitate, rezilienta, perceptia
asupra purtarii protezelor.

INTRODUCERE

Edentatia totald reprezintd la ora actuald una dintre principalele solicitdri pentru
tratament in cabinetele de medicind dentard, In ciuda progreselor realizate In preventia
dentara i a diversificarii metodelor de tratament, datorita In principal cresterii continue a
longevitatii populatiei la nivel mondial.

Proteza totald acrilicd continuad sd defind un loc important in tratamentul acestei
sau medicale, 1n special in cazul unor pacienti de varstd Inaintatd sau cu patologii asociate,
in defavoarea altor tratamente care implicd metode chirurgicale. Perceptia pacientilor legata
de purtarea acestui tip de proteza, obiceiurile lor de igiend orald, precum si evaluarea
periodicd a protezei §i a stdrii de igiend i sandtate orald sunt esentiale pentru succesul pe
termen lung al tratamentului.

Desi raginile acrilice pe baza de polimetacrilat de metil (PMMA) sunt utilizate de mai
bine de 80 de ani, datoritd numeroaselor caracteristici favorabile pentru constructia
protezelor, ele au totusi anumite dezavantaje, cum ar fi rezistenta redusa la incovoiere,
tracfiune §i impact, eliberarea de monomer rezidual (asociat cu diferite reactii adverse),
precum si o activitate antibacteriand redusa, acestea fiind principalele cauze ale problemelor
asociate cu protezele dentare - fracturile si a patologiile mucoasei.

Scopul acestei teze a fost incercarea de imbundtatire a proprietitilor mecanice
precum si inducerea activitatii antibacteriene In cazul raginilor pe bazd de PMMA, utilizate
cel mai frecvent pentru fabricarea bazelor protezelor. De asemenea, au fost analizate
perceptia pacientilor legatd de purtarea protezelor si obiceiurile lor de igiend orald, cu
ajutorul unor chestionare, precum si starea de igiend a protezei printr-o examinare clinica
obiectiva.

STADIUL ACTUAL AL CUNOASTERII

Sectiunea Stadiul actual al cunoasterii prezintd o vedere generald a celor trei idei pe baza
cdrora a fost dezvoltatd cercetarea descrisd in aceastd tezd: edentafia totald §i protezele
dentare totale, igiena orald si factorii implicati in apariia afectiunilor orale, precum gi
materialele §i tehnicile utilizate in fabricarea protezelor totale. Aceastd analizd aratd ca
edentatia totald este o problema importantd, in continud crestere datoritd cregterii sperantei
de viata a populatiei la nivel global. O parte din problemele orale a pacientilor purtatori de
proteze, in particular inflamatiile, sunt cauzate de materialul protezei, sau de igiena
necorespunzitoare a protezei. Aceasta este motivatia studiului de fafd -- cuantificarea
impactului purtdrii protezei, a factorilor igienici, i dezvoltarea de materiale alternative cu
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proprietati antimicrobiene si fizico-chimice Imbunatatite.

CONTRIBUTIA PERSONALA

Studiul 1: Perceptia pacientilor legata de purtarea protezelor totale

Studiile 1 si 2 se bazeaza pe analiza de date obfinute printr-un chestionar prevalidat (aprobat
de Comisia de Eticd a Universitdtii de Medicind §i Farmacie Iuliu Hatieganu, din
Cluj-Napoca (nr.428/24.11.2016)), completat de cétre pacienti selectati aleator, cu ocazia
prezentdrii la Departamentul de Proteticd Dentard a Facultatii de Medicind Dentard a
Universitatii de Medicind §i Farmacie Iuliu Hatieganu Cluj-Napoca, precum si la diferite
cabinete de medicind dentard din centrul Transilvaniei pentru control sau tratament.
Chestionarul contine intrebari referitoare la date demografice si la perceptia fata de edentatie
sl proteza totald, si detalii legate de igiena orala. Criteriile de incluziune au vizat prezenta
edentatiei totale, mono sau bimaxilar, si protezele totale realizate din polimetacrilat de metil,
in timp ce criteriile de excluziune au fost protezele partiale si totale fabricate din alte
materiale decat PMMA. Participarea a fost voluntard §i anonima, nefiind stabilit un timp
limita pentru completarea lor. Datele cuprind un numar de 162 de pacienti, 106 femei si 56
barbati.

Ipoteza de lucru. Obiective

Obiectivele studiului au fost evaluarea perceptiei pacientilor legate de absenta dintilor si
purtarea protezei: disconfortul datorat lipsei dintilor, importanta protezei, gradul de confort
si satisfactie obtinut prin purtarea protezei, dificultafi in realizarea unor functii. Datele au
fost adunate cu ajutorul unui chestionar.

Materiale §i metode
Acest studiu se concentreaza pe datele referitoare la perceptia pacientilor asupra purtarii §i
importantei protezei, i legatura acestor parametri cu atribute socio-demografice.

Rezultate

Rezultatele sunt prezentate in valori procentuale si diagrame. Diferentele au fost analizate
statistic utiliznd testul chi patrat. Majoritatea respondentilor au avut peste 60 de ani si
rezidentd urband. Utilizarea protezei a prezentat un nivel crescut de importantd pentru
majoritatea subiectilor. Absenta dintilor a cauzat un disconfort ridicat sau mediu pentru
majoritatea participantilor la studiu. Gradul de satisfactie asociat cu utilizarea protezei a fost
mare pentru majoritatea subiectilor.

Concluzii

Perceptia pacientilor asociatd purtarii protezei totale poate sd fie corelatd cu anumite
caracteristici socio-demografice. Imbunititirea comunicarii intre medicul dentist si pacient,
cunoagterea particularitdtilor purtdtorilor de proteze si a asteptarilor acestora, este esentiala
pentru succesul tratamentului.

Studiul 2: Igiena orala a pacientilor purtitori de proteze dentare totale
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Ipoteza de lucru. Obiective

Scopul acestui studiu a fost sa identifice variabilele socio-demografice relevante si sa
analizeze profilul si obiceiurile de igiend orala ale purtatorilor de protezd totald din zona
centrala a Transilvaniei.

Materiale §i metode

Acest studiu se concentreaza pe datele referitoare la obiceiurile de igiena orala a purtatorilor
de proteze totale, si legatura dintre acesti parametri i atribute socio-demografice. Cu ocazia
vizitei pacientilor la cabinetul de medicind dentard, a fost efectuatd si o evaluare clinicd
obiectiva a igienei protezelor, utilizdnd indicele de igiend a protezei recomandat de Budtz
Jorgensen (1978). Analiza statistica a fost realizatd in mediul R (3.4.3).

Rezultate

Edentatia a fost considerata ca un disconfort de 61.73% dintre participanti, iar 82.72% au
considerat protezele importante pentru restaurarea masticatiei. Frecventa igienizarii a fost de
2-3 ori pe zi la 54.32% din pacienti, 93.21% au declarat cd utilizeazd periuta pentru
igienizare, iar 76.54% ca utilizeazd pasta de dinti. Doar 30.86% dintre respondenti au
declarat cd indepirteaza proteza in timpul noptii. Intre frecventa igienizarii §i sex s-a
constatat o diferentd statistic semnificativd, majoritatea femeilor (61.32%) igienizand
proteza de doud ori pe zi, in timp ce 51.79% dintre barbati doar o singurd data.

Concluzii

Edentatia totala este asociatd cu anumite etiologii ale pierderii dintilor, cu anumite afectiuni
generale §i cu unele obiceiuri vicioase cum ar fi fumatul; in prezentul studiu s-a constatat o
prevalentd mai mare a bolilor cardiovasculare; caria dentard a fost principalul factor
etiologic al pierderii dintilor. Obiceiurile de igiena orala ale purtdtorilor de proteze totale
sunt asociate cu unele caracteristici socio-demografice, cum ar fi sexul sau mediul de
rezidentd, aparand rezultate mai favorabile 1n randul femeilor i al rezidentilor din mediul
urban.

Studiul 3: Proprietatile antimicrobiene ale unei ragini PMMA imbunatitite cu grafene
si nanoparticule de Ag

Pentru studiile 3-5, probele experimentale au fost obtinute din rdgina comerciald Castavaria.
Proba de control a continut numai materialul comercial (M), probele P1 si P2 au avut un
adaos de 1% si, respectiv, 2% In procente de masa G-AgNp.

3.a Activitatea antibacteriana a G-AgNp-PMMA

Ipoteza de lucru. Obiective

Aceasta parte din studiu se concentreaza asupra analizei activitd{ii antimicrobiene a
materialelor experimentale obtinute prin addugarea de concentratii diferite de grafene si

nanoparticule de argint (G-AgNp) la o ragind PMMA autopolimerizabila.

Materiale §i metode
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Microorganismele testate in acest studiu au fost: Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 25923 si Streptococcus mutans ATCC 25175, Candida
albicans ATCC 10231, Porphyromonas gingivalis ATCC 33277, Enterococcus faecalis
ATCC 29212. Activitatea antibacteriand a fost evaluata prin testul difuziei pe discuri de

Rezultate
Halourile de inhibitie obfinute la testarea actiunii probelor Impotriva celor trei tulpini
bacteriene -- Staphylococcus aureus, Escherichia coli, Streptococcus mutans -- arata ca

materialele experimentale P1 si P2 au prezentat proprietdti antibacteriene mai bune decét
proba de control M. Pentru Candida albicans, Porphyromonas gingivalis, Streptococcus
mutans, Enterococcus faecalis se constatd ca efectul cel mai pronuntat a fost obtinut in cazul
probei P2 pentru Enterococcus faecalis, pentru care si eficienta celor 3 probe a fost cea mai
mare, spre deosebire de Candida unde s-a obfinut cea mai mica activitate antimicrobiand.
S-a constatat cd probele P1 si P2 au un efect antimicrobian mai exprimat comparativ cu
proba de control.

Concluzii

Ragina acrilicd fara adaos de G-AgNp are acfiunea antibacteriand cea mai redusa in cazul
celor 2 testari efectuate, in timp ce materialele experimentale, P1 si P2, au determinat un
efect antibacterian mai puternic, cu proba P2 avand cea mai mare eficientd antimicrobiana.

3.b Tehnici combinate

Ipoteza de lucru. Obiective

Scopul acestui studiu a fost de aevalua posibilitatea inactivarii bacteriilor asociate cu
halitoza orald la purtatorii de proteze acrilice, folosind rasina pe baza de polimetacrilat de
metil (PMMA), imbogatitd cu nanoparticule de argintsi grafene, in asociere cu terapia
fotodinamica (PDT).

Material §i metoda

Pentru fiecare din cele 3 materiale studiate au fost preparate discuri de 5 mm diametru si
1 mm grosime. Probele au fost impdrtite In trei grupe de studiu (fiecare grup continand
esantioane din fiecare material); primul grup nu a fost expus la tratamentul cu lumina; cel
de-al doilea grup a fost expus la fasciculul luminos de la lampa LED dupa aplicarea pe
suprafata discurilor a FotoSan Agent si cel de-al treilea grup a fost expus la lumina laser
dupd aplicarea pe suprafatd a fotosensibilizantului HelboBlue. Dupd tratamentul cu
fasciculele luminoase, discurile au fost incubate cu tulpinile microbiene, in vederea
evaludrii activittii antimicrobiene.

Microorganismele testate In acest studiu au fost: Porphyromonas gingivalis ATCC 33277 si
Enterococcus faecalis ATCC-29212,. A fost utilizata metoda antimicrobiana difuzometrica,
pe discuri aseptice cu diametrul de 5 mm. Pentru inocularea suspensiilor bacteriene a fost
utilizat mediul de culturda Mueller Hinton.

Diferenta statistica intre grupurile experimentale a fost evaluatd prin metoda ANOVA
one-way si testul Student t, urmate de Bonferroni posttest, folosind GraphPad.
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Rezultate

Au fost observate diferente semnificative intre rdsinile tratate cu lumind si celelalte
probe. Zonele de inhibitie mai mari au fost gasite la probele Imbunatatite cu 1% (P1) sau 2%
(P2) nanoparticule S-a constatat ca diametrul zonei de inhibitie a fost mai mare pentru P2,
comparativ cu celelalte probe. De asemenea, zona de inhibitie a fost mai mare pentru
Porphyromonas gingivalis decat pentru Enterococcus faecalis. Tratamentul cu laser a
prezentat cel mai exprimat efect de inhibitie In ambele variantele experimentale, pentru
ambele culturi bacteriene.

Concluzii

Asocierea raginilor PMMA, imbunatatite cu G-AgNp, cu terapia fotodinamica, cu
fotosensibilizant aplicat pe suprafata probelor, s-a dovedit a fi eficientd in inhibarea unor
bacterii asociate cu halitoza la purtatorii de proteze. Terapia fotodinamica ar putea fi folosita
ca o tehnica adjuvantd, alaturi de materiale cu efect antimicrobian, impotriva respiratiei urat
mirositoare §i a infectiilor orale la purtdtorii de proteze dentare, in special pentru pacientii
foarte varstnici, imobiliza{i sau institutionalizati; aceasta tehnicd ar putea sd fie utild si
pentru pacientii care utilizeaza dispozitive ortodontice acrilice.

Studiul 4. Proprietitile fizico-chimice ale unei rigini PMMA imbunititite cu grafene i
nanoparticule de Ag

Ipoteza de lucru. Obiective

Performanta clinicd a materialelor dentare depinde de caracteristicile lor fizico-chimice, care
determind comportamentul lor pe termen lung, rezistenta la deformare, fracturd i uzurd,
precum si modificarile dimensionale. In cadrul studiului, rigina PMMA imbogititi cu
grafene §i nanoparticule de argint (G-AgNp) In concentratii de 1% si 2% procente de masa
G-AgNp, a fost evaluatd in ceea ce priveste anumite proprietéti fizico-chimice: absorbtia de
apd, solubilitatea, ductilitatea i rezilienta. Pentru caracterizarea mecanica au fost evaluate
proprietitile mecanice — comportamentul la Incovoiere, compresiune si tractiune, alaturi de
sarcinile maxime aplicate.

Material §i metoda

Pentru fiecare din cele trei materiale studiate au fost utilizate probe in forma de disc cu un
diametru de 15 + 1 mm si o grosime de 1 mm. Absorbtie a fost testatd prin imersie in apd
distilata i respectiv in saliva artificiald. Solubilitatea a fost evaluata folosind masuratori ale
masei probelor Inainte §i dupd imersia in solvent. Ductilitatea a fost evaluatd cu ajutorul
valorilor forfei §i a tensiunii. Modulul de rezilientd a fost calculat dupa determinarea
rezistentei la flexiune i a modulului de elasticitate. Analiza semnificafiei statistice s-a
realizat utilizdind metoda ANOVA one-way (Microsoft Office, Excel).

Rezultate

O crestere semnificativa a absorbfiei apei a fost obtinuta pentru toate probele din a 7 * zi de
expunere pand in a 28° zi. In grupul expus lichidului salivar simulat, cele mai mari valori ale
absorbtiei apei au fost obfinute pentru proba de control M. Nu s-au evidentiat variatii
semnificative Intre probele P1 i P2.
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P1 a avut media cea mai mare a solubilitafii in apa, P2 cea mai mica dupd imersie in saliva.
Grafenele si nanoparticulele de argint reduc usor ductilitatea comparativ cu controlul, dar
diferentele nu sunt semnificative din punct de vedere statistic.

Pl are cea mai mare valoare medie a modulului de rezilienfd. Materialele Imbogatite
cu G-AgNp au rezistenfa la incovoiere mai mare comparativ cu materialul de referinta.
Parametrii de compresiune au fost semnificativ influentati de adaosul G-AgNp. Adaugarea
de 1% G-AgNp produce acelasi stres la rupere, la o tensiune mai mare decat In cazul probei
M, in timp ce concentratia de 2% G-AgNp determina cresterea stresului la aceeasi tensiune
ca si in cazul probei M. Proprietdfile de tracfiune ale probelor cresc de la probele M la P1,
cu stresul cel mai mare inregistrat pentru proba P2.

Concluzii

Concentratiile diferite de grafene i nanoparticule de argint, adaugate la PMMA in
scopul de a induce proprietdti antibacteriene §i de a Imbunitafi rezistenta la fractura, au
efecte diferite asupra caracteristicilor fizico-chimice ale rasinii.

Concentratia de 1% in greutate grafene si nanoparticule de argint are un efect benefic asupra
modului de rezilien{d, precum si a solubilitatii in saliva, dar diminueaza ductilitatea.
Concentratia de 2% G-AgNp scade mai accentuat absorbtia de apa si ar putea reduce riscul
de degradare mediat de apa al materialului; de asemenea imbunatateste rezilienta si ar avea
perspective bune in ceea ce priveste durabilitatea, dar creste solubilitatea atdt In apa cat i In
saliva si reduce discret ductilitatea raginii.

Rezultatele au relevat un comportament mecanic semnificativ imbundtatit in ceea ce priveste
comportamentul la compresiune, profilul de flexiune §i rezistenta la tractiune al PMMA
imbogitite cu G-AgNp.

Studiul 5: Biocompatibilitatea unei riagini PMMA {imbunitifite cu grafene gi
nanoparticule de Ag

Ipoteza de lucru. Obiective

unei rdsini acrilice autopolimerizabile la care s-au addugat grafene cu nanoparticule de
argint. Au fost evaluate monomerul rezidual i citotoxicitatea consecutivd expunerii la
materialul studiat.

Material §i metoda

Analizele au fost facute cu ajutorul unui cromatograf de inaltd performanta pentru lichide.
Probele au fost evaluate pentru a determina cantitatea de monomer rezidual. Viabilitatea
celulara a fost evaluatd prin masuratori colorimetrice cu formazan, un compus colorat
sintetizat de celulele viabile. Keratinocitele displazice, insdmantate pe placi Petri la o
densitate de 10*cm? au fost expuse extractelor nediluate pentru 24 h. Concentratia
proteinelor a fost determinatd prin metoda Bradford. Inflamatia a fost evaluata folosind kitul
ELISA pentru TNF-a. Pentru investigarea inducerii stresului oxidativ, consecutiv expunerii
celulelor DOK 1la extrasul din probe, au fost determinate, prin tehnici spectrofotometrice,
malondialdehida (MDA), un marker al peroxidarii lipidelor de membrana, si SOD.

Rezultate
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Continutul de monomer rezidual (metil metacrilat) a fost semnificativ mai mare atunci cand
probele au fost imersate in cloroform, decat in mediul celular. Adaugarea de grafene cu
nanoparticule de argint in probele P1 si P2 au crescut semnificativ cantitatea de monomer,
intr-o maniera dependenta de doza. Viabilitatea celulara a scazut in ambele culturi celulare
dupa expunerea la probe. Cu toate acestea, rata viabilitaii a fost mentinuta la peste 75% din
dozele maxime, comparativ cu controlul. Probele P1 si P2 ar avea un usor efect
antiinflamator asupra keratinocitelor orale. Proba cu 1% G-AgNp a prezentat rezultate mai
bune in ceea ce priveste biocompatibilitatea, In timp ce materialul cu 2% adaos de G-AgNp
aratd o capacitate crescuta de activare a mecanismelor antioxidante.

Concluzii

Viabilitatea celulard a Inregistrat o usoara scidere la probele nediluate, dar valorile au rimas
peste 75% din total, cu mici variatii determinate de continutul diferit de G-AgNp. Probele
Pl si P2 au un efect antiinflamator asupra keratinicitelor orale, In timp ce proba M
determind o ugoard inflamatie. Résina acrilicd cu adaos de G-AgNp prezintd o minima
toxicitate celulard, in vitro. In concluzie, aceste rezultate deschid perspectiva utilizarii
clinice a asocierii de PMMA cu G-AgNp.

CONCLUZII GENERALE

e Prevalen{a edentatiei totale este asociata cu factori socio-demografici, cum ar fi sexul,
varsta, domiciliul, gradul de educatie, activitatea profesionala, mediul de rezidenta.

e Gradul de satisfactie al purtatorilor de proteze, importanta protezei pentru pacient,
precum si dificultdtile in exercitarea unor functii ale aparatului dentomaxilar sunt de
asemenea asociate cu unele caracteristici socio-demografice ale acestora.

e Igiena orald este unul dintre principalii factori implicati In mentinerea unei stari
adecvate de sandtate orald i reusita tratamentului in cazul pacientilor edentati total.

e Obiceiurile de igiend orald sunt asociate cu caracteristicile socio-demografice ale
purtétorilor de proteze.

e Frecventa si corectitudinea igienizdrii, legata de materialele, instrumentele si tehnicile
utilizate si de asemenea indepartarea protezei pe timpul noptii sunt factori care
contribuie la starea de sdndtate orald si generald, durabilitatea si succesul in timp a
tratamentului.

e Adaugarea anumitor aditivi, cum sunt de exemplu grafenele si nanoparticulele de
argint, la raginile pe bazd de PMMA utilizate in fabricarea protezelor dentare pot sa
inducd proprietdti antimicrobiene materialului studiat, efectele fiind legate de
concentrafia materialelor addugate si tipul de microbi studiat; in cadrul studiului am
obtinut rezultate favorabile prin testari pe 6 tipuri microbiene.

e Utilizarea unor tehnici combinate, in cazul nostru asocierea raginii imbundtitite cu
terapia fotodinamica, poate sd ducd la potentarea efectului antimicrobian.

e Aditivii addugati au influentat favorabil proprietatile fizico-chimice ale rdsinii acrilice
studiate, cum ar fi absorbtia de apa, solubilitatea, rezilienta si rezistenta mecanica a
materialului.

e Modificarea compozifiei materialului, care implicd intr-o prima faza verificarea
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evaluarea viabilitatii pe 3 linii celulare, a inflamatiei §i a stresului oxidativ la contactul
cu materialul studiat; au fost obfinute rezultate promitdtoare legate de
biocompatibilitatea materialului.

e Evaluarea cantitafii de monomer rezidual eliberat, importantd In evaluarea toxicitaii
materialului, acesta fiind unul dintre factorii asociati cu reactiile alergice si de
sensibilitate ale mucoasei orale, a ardtat reducerea cantitifii de monomer rezidual
eliberate in saliva simulata pentru materialele studiate.

ORIGINALITATEA $§I CONTRIBUTIILE INOVATIVE
ALE TEZEI

Parcursul stiintific, teoretic §i practic, din cercetarea de fatd, aduce o serie de
elemente de originalitate:

Studiul 1 aduce date concrete asupra perceptiei pacientilor legate de purtarea
protezelor dentare totale, in cadrul unui studiu original realizat pe un lot de pacienti din
regiunea centrald a Transilvaniei, primul de acest gen pe pacienti din Romania.

Studiul 2 constituie, de asemenea, un element de noutate, prin evaluarea profilului si
a obiceiurilor de igiend orald ale purtitorilor de proteze totale din regiunea centrald a
Transilvaniei, primul de acest gen pe pacienti din Romania.

Aceste studii abordeaza un subiect de actualitate, privind particularitatile acestui grup
de pacienti §i evaluarea unor aspecte asociate calitafii vietii, cu posibile implicatii n
programele de preventie §i practica curentd, pentru Imbundtifirea managementului
pacientului edentat total si a succesul tratamentului protetic.

Studiul al 3-lea si al 4-lea abordeaza, in cadrul unei cercetari originale, efectele
antimicrobian s§i de imbunatatire a proprietafilor mecanice prin addugarea de grafene si
nanoparticule de argint la rasini acrilice comerciale utilizate in fabricarea protezelor. Studiul
3 urmareste un aspect de mare interes pentru tratamentul edentatiei totale cu proteze dentare,
si anume metode de inducere §i potentare - prin utilizarea unor materiale hibride si a unor
tehnici combinate, dupd un concept original - al a unei activitafi antimicrobiene In cazul
materialelor pe bazd de PMMA utilizate in fabricarea protezei. S-au realizat testari pe 5
tulpini bacteriene si Candida albicans. Incercarea de potentare a efectului antimicrobian al
materialului studiat s-a realizat prin asocierea terapiei fotodinamice, folosind LED si laser ca
surse de lumina, la materialele studiate.

Studiul al 4-lea analizeaza efectele adaugarii de grafene, materiale cu elasticitate si
rezistentd remarcabile, si a nanoparticulelor de argint asupra proprietatilor fizico-chimice ale
materialului: absorbtia de apa, solubilitatea, ductilitatea, rezilienta, precum si rezistenta la
incovoiere, compresiune si tractiune; studiu original.

Studiul al 5-lea evalueazad biocompatibilitatea materialelor studiate, prin
determinarea cantitafii de monomer rezidual si studii de viabilitate pe 3 linii celulare, alaturi
de evaluarea inducerii inflamatiei si a stresului oxidativ; studiu original.

Originalitatea tezei este datd si de caracterul multidisciplinar al cercetarilor, care ii
conferd un plus de consistenta.
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INTRODUCTION

Total edentation is currently one of the main requests for treatment in dental medicine
offices, despite the progress made in dental prevention and the diversification of treatment
methods, mainly due to the continuous increase in the longevity of the population
worldwide.

The total acrylic prosthesis continues to hold an important place in the treatment of
this condition, due to its accessibility, being also preferred in the case of elderly patients or
those with associated pathologies, as opposed to other treatments that involve surgical
methods. Patients' perception of wearing this type of prosthesis, their oral hygiene habits, as
well as their regular assessment of their prosthesis and their oral hygiene and health are
essential for the long-term success of the treatment.

Although methyl polymethacrylate (PMMA) acrylic resins have been used for more
than 80 years, due to the many favorable features for the construction of prostheses, they
still have certain disadvantages, such as reduced bending resistance, traction and impact,
release of residual monomer (associated with different side effects), as well as reduced
antibacterial activity.

The purpose of this research is to attempt to improve the mechanical properties and
antibacterial resin-based single of PMMA used most commonly for the manufacture of
prosthetic bases. Also, the patients' perception of prosthesis wearing and their oral hygiene
habits were analyzed with the help of questionnaires, and the hygiene status of the prosthesis
was assessed through an objective clinical examination.

THE CURRENT STATE OF KNOWLEDGE

The section The current stage of knowledge presents an overview of the three ideas on the
basis of which the research described in this thesis was developed: total edentation and total
dental prostheses, oral hygiene and factors involved in the occurrence of oral disorders, and
materials and techniques used in the manufacture of complete prostheses. This analysis
shows that total edentation is an important problem, and growing due to the increase in the
longevity of the population globally. Some of the oral problems of patients wearing
prostheses, in particular inflammation, are caused by the material of the prosthesis, and by
the poor hygiene of the prosthesis. This is the motivation of the present study - quantifying
the impact of wearing the prosthesis, hygienic factors, and developing alternative materials
with improved antimicrobial and physico-mechanical properties.
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PERSONAL CONTRIBUTION
Study 1: Patients' perception of total prosthesis wearing

Studies 1 and 2 are built upon a dataset with information elicited through a questionnaire
(approved by the Ethics Commission of the University of Medicine and Pharmacy Iuliu
Hatieganu, from Cluj-Napoca (no.428 / 24.11.2016)), completed by randomly selected
patients, upon their presentation at Department of Dental Prosthetics, Faculty of Dentistry,
University of Medicine and Pharmacy Iuliu Hatieganu Cluj-Napoca, and to various dental
offices in central Transylvania. The questionnaire contains questions regarding
demographics, the patients’ perception regarding edentation and the wearing of total
prostheses, and issues related to oral hygiene. The dataset covers 162 patients, 106 women
and 56 men.

Working hypothesis. objectives

The objectives were to evaluate the patients' perception regarding the lack of teeth, and
denture wearing: discomfort due to the lack of teeth, the importance of the prosthesis, the
degree of comfort and satisfaction obtained by wearing the prosthesis, difficulty performing
certain functions. The data were collected using a questionnaire.

Materials and methods
This study focuses on the data related to the perception of edentation and wearing of
prosthesis, and their relation to socio-demographic attributes.

Results

The results are presented through percentages and diagrams. Differences were statistically
analyzed using the chi-square test. Most of the respondents were over 60 years old, and
lived in cities. Using total prosthesis was important for most subjects. Lack of teeth caused
high or medium discomfort for the majority of study participants. The degree of satisfaction
associated with the use of the prosthesis was high for most subjects .

Conclusions

The perception of patients associated with wearing the total prosthesis seems to be
correlated with certain socio-demographic characteristics. Improving communication
between the dentist and the patient, knowing the particularities of the prosthesis wearers and
their expectations, is essential for the success of the treatment.

Study 2 : Oral hygiene habits of patients wearing total dentures
Working hypothesis. objectives

The aim of this study was to identify relevant socio-demographic variables and analyze the
profile and oral hygiene habits of prosthesis wearers in central Transylvania.
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Materials and methods

This study focuses on the data related to the perception of edentation and wearing of
prosthesis, and their relation to socio-demographic attributes. During their visit to the dental
office, an objective clinical assessment of the hygiene of the patients’ dentures was
conducted using the Butz-Jorgensen (1978) hygiene index. Statistical analysis was
performed in R (3.4.3) environment.

Results

Of all patients, 37.89% were wearing maxillary total prostheses, 10.56% were wearing
mandibular prostheses and 51.55% were wearing both prostheses. Edentation was
considered considered a discomfort by 61.73% of the participants, and 82.72% considered
prosthesis important to restore mastication. Frequency of sanitization was 2-3 times a day
for 54.32% of the patients. 93.21% said they use the brush for cleaning and 76.54% use
toothpaste. Only 30.86% of the respondents said they removed the prosthesis over night.
There was a statistically significant difference with respect to gender for frequency of
cleaning: most women (61.32%) cleaned their prosthesis twice a day, while 51.79% of men
only once .

Conclusion

Total edentation is associated with certain etiologies of tooth loss, certain general ailments,
and some vicious habits such as smoking. In this study, a higher prevalence of
cardiovascular diseases and dental caries was found to be the main etiological factor of tooth
loss. The hygiene habits of total prosthesis wearers are associated with some
socio-demographic characteristics, such as gender or residence environment, with more
favorable results among women and urban residents.

Study 3 : Antimicrobial Properties of a PMMA Resin Enhanced with Graphene and
Ag Nanoparticles

For studies 3-5, the experimental samples were obtained from the Castavaria commercial
resin. The control sample contained only the commercial material (M), samples P1 and P2
had an addition of 1% and 2% respectively by weight percent G-AgNp.

3.a Antibacterial activity of G-AgNp-PMMA

Working hypothesis. Objectives

This part of the study focuses on the analysis of the antimicrobial activity of the
experimental materials obtained by adding different concentrations of graphene and silver
nanoparticles (G-AgNp) to a self-polymerizing PMMA resin.

Materials and methods

The microorganisms tested in this study were: Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 25923 and Streptococcus mutans ATCC 25175, Candida
albicans ATCC 10231, Porphyromonas gingivalis ATCC 33277, Enterococcus faecalis
ATCC 29212. Antibacterial activity was assessed through diffusion on Agar discs, a method
often used for antimicrobial susceptibility testing by measuring the diameter of the zone of
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inhibition.

Results

Inhibition halos obtained for the material samples against the three strains of bacteria -
Staphylococcus aureus , Escherichia coli, Streptococcus mutans - show that the

experimental materials P1 and P2 exhibited better antibacterial properties than the control
sample M. For Candida albicans, Porphyromonas gingivalis, Streptococcus mutans,
Enterococcus faecalis the strongest effect was obtained for sample P2. For Enterococcus
faecalis the efficiency of the three samples was the highest. In contrast, for Candida we
obtained the lowest antimicrobial activity. Samples P1 and P2 have a stronger antimicrobial
effect compared to the control sample.

Conclusions

G-AgNp-free acrylic resin has the least antibacterial action in the 2 tests performed, while
the experimental materials, P1 and P2, have a stronger antibacterial effect, with the P2
sample having the highest antimicrobial efficiency.

3.b Combined techniques

Working hypothesis. Objectives

The purpose of this study was to evaluate the possibility of deactivation of bacteria
associated with halitosis in prosthesis wearers, when the prosthesis material is polymethyl
methacrylate (PMMA), or PMMA enriched with silver nanoparticles and graphene, in
combination with photodynamic therapy (PDT).

Material and method

For each of the three materials studied were prepared discs lmm thick and 5 mm in
diameter. The samples were divided into three groups (each group containing samples of
each material); the first group was not exposed to light treatment; the second group was
exposed to the light beam from the LED lamp after being applied to the surface of the disks
by FotoSan Agent and the third group was exposed to laser after the application of the
HelboBlue photosensitizer on the surface. After the treatment with the light beams, the disks
were incubated with microbial strains, to evaluate the antimicrobial activity.

The microorganisms tested in this study were: Porphyromonas gingivalis ATCC 33277 and
Enterococcus faecalis ATCC-29212. The antimicrobial difusometric method was used, on
the aseptic discs of Smm in diameter. For inoculating the bacterial suspensions the Mueller
Hinton culture medium was used.

The statistical difference between experimental groups was evaluated using one-way
ANOVA and the Student t-test, followed by the Bonferroni post-test using GraphPad .

Results

Significant differences were observed between the light-treated resins and the other samples.
Larger inhibition zones were found in samples enhanced with 1% (P1) or 2% (P2) AgNps.
The diameter of the inhibition zone was larger for P2 compared to the other samples. The
inhibition was greater for Porphyromonas gingivalis than Enterococcus faecalis. Laser
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treatment showed the strongest inhibitory effect for both experimental set-ups, for both
bacterial cultures.

Conclusions

The association of PMMA resins, enhanced with G-AgNp, with photodynamic therapy, with
photosensitizer applied on the sample surface, has been shown to be effective in inhibiting
halitosis-associated bacteria for prosthesis wearers. Photodynamic therapy may be used as a
complementary technique, along with materials with antimicrobial effect, against bad breath
and oral infections in dental prostheses wearers, particularly for very elderly, bedridden or
institutionalized patients; this technique may also be useful for patients using acrylic
orthodontic devices.

Study 4. Physico-chemical properties of a PMMA resin enhanced with graphene and
Ag nanoparticles

Working hypothesis. Objectives

Within this study, we evaluated PMMA enriched with graphene and silver nanoparticles
(G-AgNp) in different concentrations, 1% and 2% by mass complicated G-AgNp with
respect to specific physico-chemical properties: water absorption, solubility, ductility and
strength. The mechanical properties were also evaluated: bending, compression, traction,
and maximum applied loads.

Material and method

For each of the three materials studied we produced samples in the form of 1mm thick disks
with a diameter of 15 = 1 mm. The absorption was tested by immersion in distilled water
and artificial saliva respectively. Solubility was assessed using sample mass measurements
before and after solvent immersion. Ductility was evaluated using force and tension values.
The resilience module was computed after determining the flexural strength and the
modulus of elasticity. Statistical significance analysis was performed using the one-way
ANOVA method (Microsoft Office, Excel).

Results

A significant increase in uptake was observed for all samples from the 7" day exposure to
the 28" day. In the group exposed to artificial saliva, the highest water absorption values
were obtained for the control sample M. The constant absorption values achieved after a
longer exposure time showed no significant variations between samples P1 and P2.

P1 had the highest average solubility in water, P2 had the lowest after immersion in saliva.
G-AgNp slightly reduce the ductility of the reinforced resin compared to the control, but the
differences are not statistically significant.

The greatest mean modulus of resilience was obtained for sample P1. The material enriched
with G-AgNp has higher resistance to deflections compared to the material of reference. The
compression parameters were significantly influenced by the G-AgNp loading. Addition of
1% G-AgNp produces the same stress to rupture at a higher tension as M, while the
concentration of 2% G-AgNp increases the stress at the same tension as M. The tensile
strength of samples increases from samples M to P1, with the highest stress recorded for P2.



20 Cecilia Bacali

Conclusions

Different concentrations of G-AgNp added to PMMA to induce antibacterial properties and
to improve the resistance to fracture, have different effects on the physical-chemical
characteristics of the resin.

The concentration of 1% by weight of graphene and Ag nanoparticles has a beneficial effect
on the resilience module, as well as solubility in saliva, but decreases ductility.

A concentration of 2% G-AgNp leads to greater reduction in water absorption and could
reduce the risk of water-caused degradation of the material; it also improves resilience and
have good prospects with regards to sustainability, but the increased solubility in both water
and saliva and reduces the ductility of the resin.

The results have revealed a significantly improved mechanical behavior with respect to
compression, bending and the resistance profile of the resin enriched with G-AgNp PMMA.

Study 5 : Biocompatibility of an PMMA resin enhanced with graphene and Ag
nanoparticles

Working hypothesis. Objectives

The purpose of this study was to evaluate the amount of residual monomer and the
biocompatibility of the PMMA resin to which were added graphene Ag nanoparticles. The
residual monomer and cytotoxicity were evaluated after exposure of the material.

Material and method

Analyses were made using high performance chromatography for liquids. All samples were
evaluated to determine the amount of residual monomer. Cell viability was evaluated
through colorimetric measurements with formazan, a colored compound synthesized by
viable cells. Dysplastic keratinocyte, were exposed to undiluted extracts for 24 h. The
protein concentration was determined by the Bradford method. Inflammation was assessed
using the ELISA kit for TNF-a. To investigate the induction of oxidative stress, following
the exposure of the DOK cells to the sample extract, MDA -- a marker of peroxide single
country membrane lipids -- and SOD were determined using spectrophotometric techniques.

Results

The residual monomer content (methyl methacrylate) was significantly higher when the
samples were immersed in chloroform than in the cellular environment. The addition of
graphene with Ag nanoparticles in samples P1 and P2 significantly increased the amount of
monomer, in a dose-dependent manner. Cell viability decreased in both cell cultures after
exposure to samples. However, the viability rate was maintained at over 75% of the
maximum doses, compared with the control. Probes P1 and P2 should have a slight
anti-inflammatory effect on oral keratinocytes. The 1% G-AgNp sample showed better
results in terms of biocompatibility, while the 2% G-AgNp material showed an increased
ability to activate antioxidant mechanisms.

Conclusions
Although the residual monomer content, extracted in chloroform, was higher in the samples
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containing G-AgNp, the amount released in the cellular environment was decreased by an
increased addition of G-AgNp (2%). The cell viability decreased slightly in the undiluted
samples, but the values were more than 75% of the total, with small variations due to
different G-AgNp content. Samples P1 and P2 have an anti-inflammatory effect on oral
keratinocytes, while sample M causes mild inflammation. Acrylic resin enhanced with
G-AgNp exhibits minimal cell toxicity, in vitro. In conclusion, these results open the
prospect of the clinical use of PMMA enhanced with G-AgNp.

GENERAL CONCLUSIONS

Prevalence of complete edentation is associated with socio-demographic factors
such as gender, age, residence, education level, occupation, area of residence.

e The degree of satisfaction of the denture wearer, the importance of the prosthesis to

the patient, as well as difficulties in executing certain functions of the maxillary
dental device are also associated with some of the socio-demographic
characteristics.

e Oral hygiene is one of the main factors involved in maintaining proper oral health

and treatment success in completely edentulous patients.
Oral hygiene habits are associated with socio-demographic characteristics of the
prosthesis carrier.

e Frequency and correctness of hygiene protocols, in conjunction with the materials,

tools and techniques used, as well as removing the prosthesis over night, are all
factors that contribute to the oral and general health, the sustainability and success
of the treatment.

e Addition of certain additives to resins based on PMMA used in the manufacture of

dental prostheses, such as for example graphenes and silver nanoparticles, can
induce antimicrobial properties in the material, the effects correlating with the
concentration of the added material and the type of microbes studied. In this study
we obtained favorable results in tests on 6 microbial types.

e The use of combined techniques, in our case the combination of the improved resin

with photodynamic therapy, may lead to the potentiation of the antimicrobial
effect.

The explored additives influenced favorably physico-chemical properties of the
acrylic resin studied, such as water absorption, solubility, toughness, and the
mechanical resistance of the material.

e Changing the composition of the material, which involves the verification of the

biocompatibility by testing in vitro on different cell lines, was analyzed through:
evaluation of the viability of the three cell lines, of inflammation and oxidative
stress at contact with the material studied. Promising results were obtained
regarding the biocompatibility of the material.

e Evaluation of the amount of residual monomer released, important in the evaluation

of the toxicity of the material, and one of the factors associated with the allergic
reactions and sensitivity of the oral mucosa, showed a reduction in the amount of
residual monomer released in the simulated saliva for the studied materials.
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ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF
THE THESIS

The scientific, theoretical and practical track in the present research, brings a series of
elements of originality:

Study 1 brings evidence on patients' perception of wearing dentures, in an original
study conducted on a group of patients of Central Transylvania, the first of its kind on
patients in Romania.

Study 2 is also a novelty element, by evaluating the profile and oral hygiene habits of
complete prosthesis wearers in the central region of Transylvania, the first of its kind on
patients in Romania.

This study tackles a relevant topic, regarding particular characteristics of this group
of patients, and the evaluation of issues related to the quality of life, with possible
implications for prevention programs is also current practice, for the improvement of care of
completely edentulous patients and the success of the prosthetic treatment.

The 3rd and 4th study addresses, in an original research, the antimicrobial effects
and the improvement of the mechanical properties by adding graphene and silver
nanoparticles to commercial acrylic resins used in the manufacture of prostheses. Study 3
pursues an aspect of great interest for the treatment of complete edentation with dental
prostheses, namely methods of induction and potentiation - by using hybrid materials and
combined techniques, according to an original concept - of an antimicrobial activity in the
case of materials on basic single PMMA used in the manufacture of the prosthesis. Tests
were performed on 5 bacterial strains and Candida albicans. The potentiation of the
antimicrobial effect of the studied material was achieved by combining photodynamic
therapy, using LED and laser as light sources, to the studied materials.

The 4th study analyzes the effects of the addition of graphene, materials with
remarkable elasticity and resistance, and of silver nanoparticles on the physico-chemical
properties of the material: water absorption, solubility, ductility, resilience, as well as
bending resistance, compression. and traction; original study.

The 5th study evaluates the biocompatibility of the studied materials, by determining
the amount of residual monomer and viability studies on 3 cell lines, together with the
evaluation of the induction of inflammation and oxidative stress; original study.

Originality of the thesis is also given by the multidisciplinary nature of the research,
which gives it an added consistency.



