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INTRODUCERE

Aceasta teza de doctorat investigheaza in profunzime utilizarea sigilantilor
bioceramici in obturatia endodontica, avand ca obiectiv principal imbunatatirea succesului
si predictibilitatii tratamentului endodontic. Sunt analizate atat proprietatile fizico-chimice
si capacitatea de sigilare a acestor materiale, cat si provocarile legate de indepartarea lorin
timpul retratamentului nechirurgical. Lucrarea include o comparatie intre sigilantii
bioceramici si cei traditionali, precum siintre diferite tehnici de obturatie, oferind informatii
relevante pentru practica clinica. De asemenea, include un studiu clinic privind impactul
acestor materiale asupra durerii postoperatorii. Concluziile sustin valoarea materialelor
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bioceramicelor in endodontie si fundamenteaza directii viitoare de cercetare pentru
optimizarea tratamentelor si dezvoltarea unor materiale si tehnici inovatoare.

STADIUL ACTUAL AL CUNOASTERII

Capitolul ,Stadiul actual al cunoasterii” ofera o privire ampla asupra evolutiei
materialelor si tehnicilor utilizate in endodontie, cu un accent deosebit pe rolul sigilantilorin
obtinerea unei obturatii radiculare eficiente. Se subliniaza faptul ca succesul tratamentului
endodontic este strans legat de capacitatea materialelor de obturatie de a sigila
tridimensional spatiul endodontic, prevenind astfel reinfectarea canalului. Se face o trecere
n revistd a principalelor tipuri de sigilanti — de la cei pe baza de rasini epoxidice si zinc-oxid
eugenol, pana la cei bioceramici de ultima generatie —evidentiind caracteristicile, avantajele
si limitele fiecaruia. Caracteristicile sigilantilor bioceramici precum proprietatile lor
bioactive, biocompatibilitatea crescuta, capacitatea de a stimula formarea de hidroxiapatita
si interactiunea favorabila cu structurile dentare sunt analizate in detaliu. De asemenea, se
discuta tehnicile de obturatie asociate acestor materiale, precum tehnica monocon sau
tehnicile cu condensare in unda continua (la cald), aldturi de consideratii privind aderenta si
etanseitatea in functie de metoda aplicatd. Nu in ultimul rand, capitolul evidentiaza
provocarile legate de indepdrtarea sigilantilor bioceramici in cursul retratamentului
nechirurgical, precum si importanta alegerii metodei adecvate de irigare finald pentru a
maximiza eficienta indepartdrii materialului restant. Aceasta sintezad teoretica ofera baza
stiintifica solida pentru directia experimentald si clinica a cercetarii, subliniind importanta
adaptarii protocoalelor de tratament in functie de evolutiile materialelor utilizate.

CONTRIBUTII PERSONALE

Studiul 1: Evaluarea adeziunii la dentina si a capacititii de penetrabilitate in
tubulii dentinari a sigilantilor bioceramici

Scop / Obiective: Scopul principal a fost analiza adeziunii a trei sigilanti (unul pe baza
de rasinad epoxidica si doi pe baza de silicat de calciu) cu ajutorul testului push-out.
Obiectivul secundar a fost identificarea modelelor de esec al adeziunii si corelarea
gradului de penetrare in tubulii dentinari In urma analizei la microscopul electronic de
baleiaj cu rezultatele testului push-out.

Material si metode: Untotal de 36 de dinti monoradiculari extrasi au fost instrumentati
utilizand sistemul ProTaper Ultimate si irigati cu hipoclorit de sodiu 5,25% si EDTA
17%. Specimenele au fost impartite aleatoriu in trei grupuri (n = 12), in functie de
materialul de obturatie endodontica si tehnica de obturare utilizate, dupa cum urmeaza:
Ah Plus cu tehnica condensarii prin unda continua (CWC), Ah Bioceramic cu tehnica
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conului unic si Total Fill BC Sealer Hi-Flow cu tehnica CWC. Specimenele au fost plasate
la umiditate 100% timp de 4 saptamani pentru a permite priza completd a materialului,
dupa care radacinile au fost incluse 1n rasina acrilica si sectionate transversal in felii de
1 mm grosime. A fost realizat un test rezistenta la compresiune (testul push-out)
folosind o masina universala de testare, iar tipul de esec al adeziunii a fost evaluat la o
magnificatie de 4x cu ajutorul unui stereomicroscop. Sase specimene din fiecare grup au
fost selectate pentru examinarea SEM-EDS in vederea evaludrii patrunderii in tubulii
dentinari. Datele au fost analizate statistic prin analiza variantei (ANOVA) si teste post
hoc Tukey si Bonferroni.

Rezultate: Testele push-out au evidentiat valori mai ridicate pentru Ah Plus in
comparatie cu ambele materiale de sigilare pe baza de silicat de calciu (p < 0,001), in
timp ce Totall Fill BC Sealer Hi-Flow a prezentat rezultate superioare fatd de Ah
Bioceramic (p < 0,001). Modul de esec coeziv a fost predominant in toate cele trei
grupuri. Ah Plus a prezentat cea mai mare penetrabilitate In tubulii dentinari, urmat de
Total Fill BC Sealer Hi-Flow si de Ah Bioceramic.

Concluzii: Avand in vedere limitarile acestui studiu (studiu in vitro, dinti extrasi, conditii
de priza controlata pentru sigilanti), se pot trage urmatoarele concluzii:

e Materialele de sigilare endodontica pe baza de rasina epoxidica au prezentat o
rezistenta la adeziune mai mare fata de peretele canalului radicular comparativ
cu cele pe baza de silicat de calciu;

e Dintre materialele bioceramice testate, Total Fill BC Sealer Hi-Flow a
demonstrat o rezistenta la dislocare superioara fata de Ah Bioceramic;

o Toate materialele testate au prezentat un mod de esec predominant coeziv;

e S-a constatat o corelatie pozitiva intre patrunderea in tubulii dentinari si
rezistenta la adeziune pentru Ah Bioceramic si Ah Plus.

Studiu 2. Evaluarea durerii postoperatorii in urma obturatiei endodontice cu
sigilant bioceramic efectuata de medici cu diferite grade de experienta

Scop / Obiective: Acest studiu a avut ca scop evaluarea si compararea incidentei si
intensitatii durerii postoperatorii dupa tratamentul endodontic realizat de doua grupuri
de operatori cu niveluri diferite de experientd, utilizand sigilantul bioceramic Total Fill
BC Sealer Hi-Flow si tehnica de obturare prin condensare in unda continua (CWC).
Obiectivul secundar a fost evaluarea influentei diagnosticului pulpar si periapical, al
gradului de dificultate al cazului si a extruziei materialului de sigilare asupra durerii
postoperatorii.

Material si metode: Un total de 115 pacienti au fostinclusi in acest studiu observational
prospectiv. Pacientii au fost tratati de operatori cu niveluri diferite de experienta: medici
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rezidenti si medici specialisti in endodontie. S-au utilizat protocoale standardizate in
cadrul a doua sedinte distincte: una pentru instrumentare si una pentru obturare.
Obturarea a fost realizata prin tehnica condensarii prin unda continug, utilizand
materialul de sigilare bioceramic Total Fill BC Sealer Hi-Flow. Durerea postoperatorie,
disconfortul la masticatie si gradul de tulburare a somnului au fost evaluate la 24, 48 si
72 de ore dupa fazele de instrumentare si obturare, utilizdnd o scala de evaluare
numerica dela0la 10.

Rezultate: Rezultatele indicd o durere postoperatorie semnificativ mai intensa dupa
faza de instrumentare comparativ cu faza de obturare (p < 0,001). Intensitatea durerii a
scazut progresiv pe parcursul perioadei evaluate pentru ambele faze. Nu s-au observat
diferente semnificative intre grupurile de medici rezidenti si medici specialisti in ceea
ce priveste durerea postoperatorie, disconfortul la masticatie sau tulburarile de somn,
in nici unul dintre momentele evaluate. Extruzia materialului de sigilare nu a avut un
impact semnificativasupra durerii postoperatorii (p > 0,05). Testulla percutie pozitiv si
prezenta unei pulpite simptomatice ireversibile (p < 0,001, respectivp = 0.05) au produs
o durere postoperatorie semnificativ mai intensa dupa sedinta de instrumentare.

Concluzii: Gradul de experienta a operatorului nu a influentat durerea postoperatorie
atunci cand au fost respectate protocoale standardizate. Durerea postoperatorie a fost
mai accentuatd dupa faza de instrumentare decat dupa faza de obturare, subliniind
impactul potential al procedurii de preparare a canalului radicular si potentialele leziuni
tisulare apicale. Percutia pozitiva a influentat durerea postoperatorie dupa faza de
instrumentare, dar nu si dupa faza de obturare, in timp ce extruzia materialului de
sigilare si gradul de dificultate al cazului nu au avut un impact asupra acesteia.

Studiul 3. Influenta a patru protocoale diferite de irigare finala asupra
indepartarii sigilantului bioceramic in cursul retratamentului endodontic
nechirurgical

Scop / Obiective: Acest studiu in vitro si-a propus sa evalueze si sa compare eficienta a
patru tehnici de irigare finala - irigare conventionala cu NaOCI+EDTA, irigare activata
ultrasonic, laser dioda si laser Er:YAG SWEEPS - in indepartarea sigilantului bioceramic
Neo Sealer Flo din canalele ovale ale dintilor monoradiculari. Totodata, un alt obiectiv a
fost evaluarea aspectului suprafetei dentinei si a sigilantului restant cu ajutorul
microscopiei electronice de baleiaj (SEM) si a analizei cu spectrometrul de raze X
dispersive in energie (EDS).

Material si metode: Studiul a inclus 60 de dinti monoradiculari cu canale ovale, tratati
initial cu sistemul ProTaper Ultimate si obturati cu tehnica conului unic folosind
sigilantul bioceramic NeoSealer Flo. Specimenele au fost pastrate la umiditate 100%
timp de 3 saptamani pentru priza completa a materialului, iar apoi s-a efectuat
retratamentul cu sistemul Reciproc R40. Radacinile au fost tdiate in jumatati
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longitudinale, apoi au fost fotografiate la stereomicroscop pentru analiza suprafetei
radiculare acoperite de sigilant restant. Jumatatile au fost apoi lipite sia urmat aplicarea
a patru protocoale finale de irigare cu hipoclorit de sodiu si EDTA activate diferit:
conventional, ultrasonic, laser dioda si laser Er:YAG cu modul SWEEPS. Radacinile au
fost redespicate, iar indepartarea materialului restant dupa irigare a fost evaluata prin
stereomicroscopie urmata de utilizarea softwareului Image], iar 20 de probe au fost
supuse analizei SEM-EDS pentru a examina morfologia dentinara si compozitia
materialelor reziduale. Datele au fost analizate statistic folosind testele ANOVA si chi-
patrat.

Rezultate: Toate protocoalele de irigare finala au imbunatatit semnificativ (p < 0,001)
indepartarea sigilantului restant. Dintre cele patru tehnici testate, activarea ultrasonica
s-a dovedit superioara (p < 0,05). Nu au fost identificate diferente semnificativ statistice
(p > 0,05) intre irigarea conventionald, activata cu laser dioda sau cu laser Er:YAG cu
modul SWEEPS. Analiza SEM-EDS a identificat pentru toate cele patru grupuri zone cu
tubuli dentinari complet deschisi cu cantitati minime de sigilant, zone cu tubuli dentinari
complet acoperit de detritus dentinar, zone cu tubuli acoperiti partial de material
restant si zone acoperite complet de sigilant. Analiza statistica a acestora nu a decelat
diferente semnificative (p > 0,05) intre grupuri. In treimea medie, grupul activat cu laser
Er:YAG modul SWEEPS, a prezentat semnificativ (z = 2.17) mai multe zone de tubuli
dentinari deschisi si neacoperiti de material restant sau detritus dentinar.

Concluzii: Nici unul dintre protocoalele investigate nu a reusit sa indeparteze total
sigilantul din canalele radiculare, insa au imbunatatit semnificativindepartarea acestuia
fata de cea realizata doar de instrumentarea mecanica propriu-zisa. Dintre cele patru
protocoale de irigare finala, activarea cu ultrasunete a ardtat rezultate superioare.
Utilizarea laserului Er:YAG actionat in modulul SWEEPS a indicat, in urma analizei SEM,
cei mai multi tubuli dentinari deschisi si neacoperiti de detritus dentinar si material
restant in treimea medie a canalului radicular.

CONCLUZII GENERALE

- Sigilantul rasinic ,standard de aur” AH Plus a demonstrat o mai buna
adeziune decat sigilantii bioceramici testati (AH Plus Bioceramic si Total Fill BC-Sealer
Hi-Flow).

- Dintre cei doi sealeri bioceramici, s-a evidentiat ca avand o adeziune mai
puternica Total Fill BC-Sealer Hi-Flow.

- Modul de esec predominant pentru cei doi sigilanti bioceramici a fost
coeziv (adeziune mai buna la dentind decat la conul de gutaperca).

- Penetrabilitatea in tubulii dentinari a fost mai puternica in cazul
sigilantului rasinic fata de cei bioceramici.
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- Total Fill BC-Sealer Hi-Flow a aratat o penetrabilitate mai buna decat AH
Plus Bioceramic.

- Obturatia endodontica cu Total Fill BC-Sealer Hi-Flow a produs o durere
postoperatorie minimg, fara sa creasca disconfortul pacientilor dupa procedura.

- Durerea postoperatorie aurmat un trend descrescator de la 24 de ore pana
la 72 de ore.

- Expertiza operatorului nu influenteaza durerea postoperatorie dupa
obturatia cu sigilant bioceramic atunci cand se urmareste un protocol de lucru
standardizat.

- Instrumentarea produce o durere postoperatorie mai ridicata decat
obturatia cu sigilant bioceramic.

- Dintre factorii preoperatori, singurul care influenteaza durerea
postoperatorie este testul la percutie pozitiv, insd numai pentru sedinta de
instrumentare, nu si pentru cea de obturare.

- Extruzia de sigilant bioceramic in tesuturile periapicale nu afecteaza
durerea postoperatorie.

- Toate cele patru protocoale de irigare finala (conventional3, activare cu
ultrasunete, laser diodda sau laser Er:YAG cu modul SWEEPS) au imbunatatit
indepartarea sigilantului bioceramic NeoSealer Flo fatda de instrumentarea mecanica
singura.

- Dintre cele patru protocoale testate, activarea cu ultrasunete s-a dovedit a
fi mai eficientd in indepartarea materialului restant bioceramic din canal.

- Metodele laser de activare a irigantului nu s-au dovedit a fi superioare
irigatiei conventionale.

- Laserul Er:YAG SWEEPS s-a dovedit mai eficient in a deschide tubulii
dentinari si a-i curata de detritus dentinar remanent si material de obturatie in treimea
medie a canalului radicular

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE
CERCETARII DOCTORALE

Teza de fatd a urmarit sa ofere o contributie atent fundamentata in ceea ce
priveste obturatia endodontica cu sigilanti bioceramici prin investigarea acestora pe
mai multe planuri, de la evaluarea proprietatilor de adeziune si a influentei asupra
durerii postoperatorii, la indepartarea acestora din sistemul canalar in cursul
retratamentului nechirurgical.

Caracterul original al acestei teze este reprezentat de studierea acestui tip de
sigilanti endodontici, care au cunoscut o dezvoltare puternica in ultima perioada, prin
aparitia a numeroase versiuni comerciale cu compozitii diferite. Necesitatea acestor
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investigatii deriva din numarul redus de studii similare disponibile in literatura de
specialitate despre sigilantii bioceramici analizati in aceasta teza.

De asemenea, aceasta teza a fost conceputa astfel incat sa ofere o abordare
integrativa prin investigarea multidimensionala a sigilantilor bioceramici, de la
interactiunea lor cu dentina si posibilitdti de retratament prin studii in-vitro, la
observatii clinice printr-un studiu prospectiv. Prin reunirea acestor directii de cercetare
intr-o singura teza, se ofera o perspectiva cuprinzatoare asupra performantei
sigilantilor bioceramici, urmarindu-se acoperirea unei plaje cat mai largi de contexte
clinice.

Un element de noutate este cercetarea adeziunii la dentind a doua tipuri de
sigilanti bioceramici, fiecare utilizat cu o tehnica diferitd de obturare, si anume cea
recomandata de producator pentru fiecare material in parte, astfel incat sa se produca o
simulare cat mai apropiata de situatia clinica.

Evaluarea impactului experientei operatorului asupra durerii postoperatorii
dupa obturatia cu sigilant bioceramic aduce de asemenea, informatii importante despre
posibilitatea utilizarii acestora in centrele universitare care urmaresc formarea de
specialisti iIn endodontie, neexistind pand la momentul publicarii cercetari asupra
acestei teme.

Utilizarea laserului Er:YAG cu modulul SWEEPS este un element nou in ceea ce
priveste utilizarea acestuia in retratamentul dupa obturatia cu sigilant bioceramic, care
desi globalnu este superior irigarii conventionale, aduce beneficii prin o deschidere mai
eficienta a tubulilor dentinar in treimea medie a canalului radicular.
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INTRODUCTION

This doctoral thesis provides an in-depth investigation into the use of bioceramic
sealers in endodontic obturation, with the primary objective of enhancing the success and
predictability of endodontic treatment. It examines the physicochemical properties and
sealing ability of these materials, as well as the challenges associated with their removal
during nonsurgical retreatment. The thesis includes a comparative analysis between
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bioceramic and conventional sealers, as well as between different obturation techniques,
offering clinically relevant insights. Furthermore, it presents a clinical study evaluating the
impact of these materials on postoperative pain. The findings support the value of
bioceramic materials in endodontics and lay the foundation for future research aimed at
optimizing treatment protocols and developing innovative materials and techniques.

CURRENT STATE OF KNOWLEDGE

The chapter "Current State of Knowledge" provides a comprehensive overview of the
evolution of materials and techniques used in endodontics, with particular emphasis on the
role of sealers in achieving effective root canal obturation. It highlights that the success of
endodontic treatment is closely linked to the ability of obturation materials to three-
dimensionally seal the endodontic space, thereby preventing reinfection of the canal
system. The main types of sealers—ranging from epoxy resin-based and zinc oxide-eugenol
sealers to the latest generation of bioceramic sealers—are reviewed, with a focus on their
characteristics, advantages, and limitations. Special attention is given to the properties of
bioceramic sealers, including their abioactivity, enhanced biocompatibility, ability to
stimulate hydroxyapatite formation, and favorable interaction with dentinal structures. The
obturation techniques associated with these materials, such as the single-cone technique
and continuous wave condensation (warm techniques), are also discussed, alongside
considerations regarding adhesion and sealing ability depending on the technique applied.
Furthermore, the chapter addresses the challenges related to the removal of bioceramic
sealers during nonsurgical retreatment and emphasizes the importance of selecting an
appropriate final irrigation method to enhance the efficiency of residual material removal.
This theoretical synthesis provides a solid scientific foundation for the experimental and
clinical direction of the research, underscoring the need to adapt treatment protocols in
accordance with advances in endodontic materials.

PERSONAL CONTRIBUTIONS

Study 1: Evaluation of dentin adhesion and tubular penetration ability of
bioceramic sealers

Aim / Objectives: The primary aim was to analyze the adhesion of three sealers (one
epoxy resin-based and two calcium silicate-based) using the push-out test. The
secondary objective was to identify the failure patterns of adhesion and to correlate the
degree of dentinal tubule penetration, assessed by scanning electron microscopy (SEM),
with the push-out test results.
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Material and methods: A total of 36 extracted single-rooted teeth were instrumented
using the ProTaper Ultimate system and irrigated with 5.25% sodium hypochlorite and
17% EDTA. The specimens were randomly divided into three groups (n = 12) according
to the endodontic obturation material and technique used, as follows: AH Plus with the
continuous wave condensation (CWC) technique, AH Bioceramic with the single-cone
technique, and Total Fill BC Sealer Hi-Flow with the CWC technique. The specimens were
stored at 100% humidity for four weeks to allow complete setting of the materials.
Afterward, the roots were embedded in acrylic resin and sectioned transversely into 1
mm-thick slices. A push-out bond strength test was performed using a universal testing
machine, and the type of adhesion failure was assessed at 4x magnification under a
stereomicroscope. Six specimens from each group were selected for SEM-EDS
examination to evaluate dentinal tubule penetration. Data were statistically analyzed
using one-way analysis of variance (ANOVA) and post hoc Tukey and Bonferroni tests.

Results: The push-out tests revealed significantly higher bond strength values for AH
Plus compared to both calcium silicate-based sealers (p < 0.001), while Total Fill BC
Sealer Hi-Flow showed superior results compared to AH Bioceramic (p < 0.001).
Cohesive failure was the predominant failure mode in all three groups. AH Plus exhibited
the greatest dentinal tubule penetration, followed by Total Fill BC Sealer Hi-Flow and
AH Bioceramic.

Conclusions: Considering the limitations of this study (in vitro design, use of extracted
teeth, and controlled setting conditions for the sealers), the following conclusions can
be drawn:
e Epoxy resin-based endodontic sealers exhibited higher bond strength to the
root canal walls compared to calcium silicate-based sealers;
e Among the tested bioceramic materials, Total Fill BC Sealer Hi-Flow
demonstrated superior dislodgement resistance compared to AH Bioceramic;
e Alltested materials showed a predominantly cohesive mode of failure;
e A positive correlation was observed between dentinal tubule penetration and
bond strength for both AH Bioceramic and AH Plus.

Study 2: An observational study on pain occurrence after root canal treatment:
role of operator experience when using a bioceramic sealer

Aim / Objectives: The aim of this study was to evaluate and compare the incidence and
intensity of postoperative pain following endodontic treatment performed by two
groups of operators with different levels of clinical experience, using the bioceramic
sealer Total Fill BC Sealer Hi-Flow and the continuous wave condensation (CWC)
obturation technique. The secondary objective was to assess the influence of pulpal and
periapical diagnosis, case difficulty level, and sealer extrusion on postoperative pain.
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Material and methods: A total of 115 patients were included in this prospective
observational study. The treatments were performed by operators with different levels
of clinical experience: endodontic residents and endodontic specialists. Standardized
protocols were followed in two separate appointments—one for instrumentation and
one for obturation. Obturation was performed using the continuous wave condensation
technique with the bioceramic sealer Total Fill BC Sealer Hi-Flow. Postoperative pain,
chewing discomfort, and sleep disturbance were assessed at 24, 48, and 72 hours after
both the instrumentation and obturation phases, using a 0-10 numerical rating scale.

Results: The results indicated significantly higher postoperative pain following the
instrumentation phase compared to the obturation phase (p < 0.001). Pain intensity
progressively decreased over the evaluated time period for both phases. No significant
differences were observed between the resident and specialist groups in terms of
postoperative pain, chewing discomfort, or sleep disturbance at any of the time points
assessed. Sealer extrusion had no significant impact on postoperative pain (p > 0.05). A
positive percussion test and the presence of symptomatic irreversible pulpitis were
associated with significantly higher postoperative pain following the instrumentation
session (p <0.001 and p = 0.05, respectively).

Conclusions: The operator’s level of experience did not influence postoperative pain
when standardized protocols were followed. Postoperative pain was more pronounced
after the instrumentation phase than after the obturation phase, highlighting the
potential impact of root canal preparation procedures and possible apical tissue injury.
A positive percussion response was associated with increased postoperative pain
following the instrumentation phase, but not after obturation. In contrast, sealer
extrusion and case difficulty level had no significant effect on postoperative pain.

Study 3. The influence of four different final irrigation protocols on the removal
of bioceramic sealer during nonsurgical endodontic retreatment

Aim / Objectives: This in vitro study aimed to evaluate and compare the effectiveness
of four final irrigation techniques—conventional irrigation with NaOCI+EDTA,
ultrasonic-activated irrigation, diode laser, and Er:YAG SWEEPS laser—in the removal
of the bioceramic sealer Neo Sealer Flo from oval-shaped canals of single-rooted teeth.
An additional objective was to assess the morphology of the dentin surface and the
residual sealer using scanning electron microscopy (SEM) and energy-dispersive X-ray
spectroscopy (EDS).

Material and methods: The study included 60 single-rooted teeth with oval-shaped
canals, initially instrumented using the ProTaper Ultimate system and obturated with
the single-cone technique using the bioceramic sealer NeoSealer Flo. The specimens
were stored at 100% humidity for three weeks to allow complete setting of the sealer.
Retreatment was performed using the Reciproc R40 system. The roots were then
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sectioned longitudinally and photographed under a stereomicroscope to analyze the
root surface covered by residual sealer. The root halves were subsequently
reassembled, and four finalirrigation protocols were applied using sodium hypochlorite
and EDTA with different activation methods: conventional, ultrasonic, diode laser, and
Er:YAG laser with SWEEPS mode. After irrigation, the roots were re-separated, and the
remaining material was evaluated by stereomicroscopy followed by Image] software
analysis. Twenty specimens were further subjected to SEM-EDS analysis to assess
dentin morphology and the composition of residual materials. Data were statistically
analyzed using ANOVA and chi-square tests.

Results: All final irrigation protocols significantly improved (p < 0.001) the removal of
residual sealer. Among the four tested techniques, ultrasonic activation proved to be the
most effective (p <0.05). No statistically significant differences (p > 0.05) were observed
between conventional irrigation, diode laser activation, or Er:YAG laser activation with
SWEEPS mode. SEM-EDS analysis identified, across all four groups, areas with fully open
dentinal tubules and minimal sealer remnants, areas with dentinal tubules completely
covered by smear layer, areas partially covered by residual material, and areas entirely
coated with sealer. Statistical analysis of these observations revealed no significant
differences between groups (p > 0.05). However, in the middle third of the root canal,
the group activated with Er:YAG laser in SWEEPS mode showed a significantly greater
number of areas with open dentinal tubules free of residual material or smear layer (z =
2.17).

Conclusions: None of the investigated protocols was able to completely remove the
sealer from the root canals; however, all significantly improved its removal compared
to mechanical instrumentation alone. Among the four final irrigation protocols,
ultrasonic activation showed the most effective results. SEM analysis revealed that the
use of the Er:YAG laserin SWEEPS mode resulted in the highest number of open dentinal
tubules free of smear layer and residual material in the middle third of the root canal.

GENERAL CONCLUSIONS

- The resin-based “gold standard” sealer AH Plus demonstrated superior
adhesion compared to the tested bioceramic sealers (AH Plus Bioceramic and
Total Fill BC Sealer Hi-Flow).

- Among the two bioceramic sealers, Total Fill BC Sealer Hi-Flow exhibited
stronger adhesion.

- The predominant mode of failure for both bioceramic sealers was cohesive,
indicating better adhesion to dentin than to the gutta-percha cone.

- Dentinal tubule penetration was greater for the resin-based sealer compared to
the bioceramic sealers.
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- Total Fill BC Sealer Hi-Flow showed better tubule penetration than AH Plus
Bioceramic.

- Endodontic obturation with Total Fill BC Sealer Hi-Flow resulted in minimal
postoperative pain, without increasing patient discomfort after the procedure.

- Postoperative pain followed a decreasing trend from 24 to 72 hours.

- Operator experience did not influence postoperative pain following obturation
with a bioceramic sealer when a standardized clinical protocol was followed.

- Root canal instrumentation caused more intense postoperative pain than
obturation with a bioceramic sealer.

- Amongpreoperative factors, only a positive percussion test was associated with
increased postoperative pain, and only after the instrumentation session, not
after obturation.

- Extrusion of bioceramic sealer into the periapical tissues did not affect
postoperative pain.

- All four final irrigation protocols (conventional, ultrasonic activation, diode
laser,and Er:YAG laser with SWEEPS mode) significantly improved the removal
of the bioceramic sealer NeoSealer Flo compared to mechanical
instrumentation alone.

- Among the tested protocols, ultrasonic activation proved to be the most
effective in removing residual bioceramic material from the root canal.

- Laser-activated irrigation methods did not demonstrate superior efficacy
compared to conventional irrigation.

- The Er:YAG laser in SWEEPS mode was more effective in opening dentinal
tubules and cleaning them of remaining smear layer and obturation material in
the middle third of the root canal.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF THE
DOCTORAL RESEARCH

This doctoral thesis aimed to provide a well-founded contribution to the field of
endodontic obturation with bioceramic sealers by investigating these materials from
multiple perspectives—ranging from the evaluation of their adhesive properties and
influence on postoperative pain to their removal during nonsurgical retreatment.

The originality of this research lies in the comprehensive study of this category of
endodontic sealers, which have undergone rapid development in recent years, with the
emergence of numerous commercial products featuring varied compositions. The need
for such investigations is supported by the limited number of similar studies available
in the literature on the specific bioceramic sealers analyzed in this thesis.
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Moreover, this thesis was designed to offer an integrative approach by employing
a multidimensional investigation of bioceramic sealers—from their interaction with
dentin and retreatability in in vitro studies, to clinical observations gathered through a
prospective study. By bringing together these research directions into a single doctoral
project, the thesis provides a comprehensive perspective on the performance of
bioceramic sealers across a broad range of clinical scenarios.

A novel aspect of this research is the evaluation of dentin adhesion of two types

of bioceramic sealers, each used with the obturation technique recommended by its
manufacturer, in order to closely simulate clinical conditions.
The assessment of the operator’s level of experience in relation to postoperative pain
following bioceramic sealer obturation also brings important insights into the
applicability of these materials in academic teaching centers focused on training future
endodontic specialists. To date, no studies addressing this topic have been published.

Another innovative elementis the use of the Er:-YAG laser in SWEEPS mode in the
context of retreatment after obturation with bioceramic sealers. Although this method
was not globally superior to conventional irrigation, it proved to be more effective in
opening dentinal tubules in the middle third of the root canal, thus offering an additional
benefit in the cleaning process.



