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UVOD

Cijeljenje periapikalne lezije kao mjera uspjesnosti primijenjene metode/materijala

Utjeca) fotodinamske terapije (PDT) i biokeramiCkog punila na cijeljenje periapikalne
lezije

Utjecaj PDT i biokeramiCkog punila na pojavu i intenzitet postoperativne boli nakon
jednoposjetne revizije

Vaznost dobro dizajniranih kliniCkih istrazivanja

Smjernice za randomizirana kliniCka istrazivanja u endodonciji*

Nagendrababu V, Duncan HF , Bjgrndal L, Kvist T , Priva E , Jayaraman J et al. PRIRATE 2020 guidelines for reporting randomized trials in Endodontics: a consensus-
based development. Int Endod J.2020:53(6):764-773.



https://pubmed.ncbi.nlm.nih.gov/?term=Nagendrababu+V&cauthor_id=32196696
https://pubmed.ncbi.nlm.nih.gov/?term=Duncan+HF&cauthor_id=32196696

KRITERIJI USPJESNOSTI
ENDODONTSKOG LIJECENJA ZUBA

Radioloski i klinicki kriteriji uspjesnosti endodontskog zahve

Patohistoloska evaluacija kao zlatni standard

Rutinski se koriste prve dvije metode

Dodatni moment 3D radioloskom dijagnostikom

Klinicki Kriteriji

Rud J, Andreasen JO, Mdller Jensen JE. Radiographic criteria for the assessment of healing after endodontic surgery. Int J of Oral Surg. 1972;1(4):195-214.



- PREGLED DOSADASNJIH
N ISTRAZIVANJA

* Utjecaj suplementnih metoda na eliminaciju bakterijske
mikroflore

* In vitro istrazivanja pokazala ucCinkovitost fotodinamske
terapije
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Siqueira Jr JF , Ré¢as IN. Optimizing single-visit disinfection with supplementary approaches: a quest for p?EdictabWt Endod
J. 2011;37(3):92-8.




. IN VITRO
ISTRAZIVANJA

Procijeniti uspjeSnost
dezinfekcije korijenskog kanala
kombinirajuéi konvencionalni
Garcezi endodontski tretmani PDT
sur, 2007.

PDT —poalietilendiamin i Kombinacijom
klorin e6 kao PS, ispiranja + PDT smanjenje
Proteus mirabilis diodni laser (660nm) bakterija 98%.

Pseudomonas aeruginoza \J

Ispitati u€inkovitost PDT — a kao dodatne | FotoSan; CMS Dental, PDT primjenjivan dulje vrijeme ili
Poggio i metode dezinfekcije. Copenhagen, u kombinaciji s 5% NaOClI

, Denmark ; Zo T
sur, 2011. Enterococcus faecalis, Streptococcus pokazuje znacajno bolji

mutans Streptococcus sanguis Toluidinsko modrilo antimikrobni ucinak
Antimikrobni u¢inak
PDT-a na Enterococcus faecalis s Diodnim laser, ispiranje _ _ »
~ diodnim laserom, ispiranjem 2,5% NaOCI 3 504 NaOCI kroz 60sec, te | | Chdoactvator subili
Bago i kroz 60sec, te zvu€no aktiviranim NaOCl | _\,&no aktivirani NaOCI uspjesniji u eliminaciji infekcije u

sur, 2013. kroz 60 sec (Endoactivator) kroz 60 sec odnosu na pojedinaéno
primijenjene metode

(Endoactivator)
Kighen A, Shrestha A. Photodynamic Therapy for Root Canal Disinfection

: Bassrani B. Endodontic irrigation. 1st edition. Cham:
Springer; 2015.,237-253.

S |



FOTODINAMSKA TERAPIJA (PDT)

engl. Photodynamic therapy, Photoactivated disinfection

Svjetlosno inducirana inaktivacija stanica, mikroorganizama ili molekula

Fotoaktivator kao netoksicno boijilo

Transfer apsorbirane energije na druge molekule

Metilensko ili Toluidinsko modrilo

Valna duljina apsorpcije 600 — 660 nm

Plotino G, Grande NM, Mercade M. Photodynamic therapy in endodontics. Int Endod J.2019;52:760-774
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GODINA CILJ | MATERIJALI METODE ZAKLJUCAK
o L Ispiranje s 20% Struganjem i ispiranjem
Proqjenltl__uspje_gnost limunskom korijenskih kanala
dezinfekcije korijenskog kanala . : o .
Bonsor i kombinirajuci konvencionalni ASENTOm ] 2,28 Ll el el 4o
0
sur., 2006 | endodontski tretman i PDT. NEoTel, . 86’7/0. uzo__raka. .
IstraZivanje je provedeno na 32 P.DT R =IeH e ol E el ST
koriienska kanala 14 diodni laser (12.7 ispiranja + PDT uniStene
acji'enata mg/L, 100 mW, su bakterije u 96,7%
pac ) 120 s). uzoraka.
Usporediti uCinkovitost Kombinacijom 20%
kombinacije 20% limunske limunske kiseline i PDT
BONSor | kiseline i PDT-e nasuprot Protokol isti kao u uniStene su bakterije u
sur.. 2006 uCinkovitosti kombinacije rethodno 91% uzoraka.
Y 20% limunske kiseline i prikazano' studii 20% limunskom
2,25% NaOCl-a na P VWAL iselinom i 2,25%
bakterije u korijenskom kanalu. NaOCI eradicirane su
64 pacijenta su sudjelovala. bakterije u 82% uzoraka.
Analizirati antimikrobni ucinak lspiranie s 2 5%
PDT-e s endodontskim piran 70 :
lje&enjem nfatru . Nakon"prye faze prOJ
20 aci'enéta e ukliugeno hipokloritom, 3% bakterija je smanjen za
: pacl ; Je UKl L hidrogen 98,5%.
Garcez i Prva faza: mehanicka obrada i . At .
sur., 2008 | ispiranje korijenskih kanala + BElClS gL Nakonﬂdr.u ge fazg ]
" PDT EDTA-om. bakterija je smanjen za
' PDT - 99,9%.

Druga faza: nakon prve faze
kanal ispunjen kalcij
hidroksidom i nakon jednog
tjedna ponovljen PDT.

polietilenamin
klorin €6 (2 min,
9,6 J, 240 s).

Druga faza se pokazala
ucinkovitijom od prve

\ T4

PDT - RELEVANTNA
KLINICKA ISTRAZIVANJA-—

Kishen A, Shrestha A. Photodynamic Therapy for =
Root Canal Disinfection. In: Bassrani B.

Endodontic irrigation. 1st edition. Cham: Springer;

2015. 237-253.




\

"/

Istraziti antimikrobni u¢inak

- PDT-e + konvencionalno Samo endodontskom
endodontsko lijecenje u terapijom se znatno
pacijenata s nekrozom smanijio broj bakterijskih
pulpe i vrsta (ali samo su 3 zuba

Garcez i | infekcijom bakterijama PDT — polietilamin bila bez bakterija).
sur, rezistentnim na antibiotike. | klorin e6 kao PS i Kombinacijom
2010. 30 zubi s periapikalnim diodni laser (40 endodontskog lijeCenja i
lezijama od 21 pacijenta mW, 4 min, 9,6 J) PDT-e uklonjene su sve
koji su vrste bakterija rezistentne
vec bili prethodno lijeceni na antibiotike i svi su zubi
konvencionalnim bili u potpunosti bez
endodontskim lijeCenjem i bakterija.
antibiotskom terapijom.
Istrgzn_/all i odgovor Grupa tretirana PDT-om
periapikalnog tkiva zuba . .
S b pokazala je umjereno
a3 Rl .cnorazin uveéano periapikalno
Silvai | sa apikalnim klorid 10 mg/ml 3 LAl
A b, podrucje, bez upalnih
sur, parodontitisom min; diodni laser S nieme oo
2012. nakon jednoposjetnog (660 nm, 60 mW, 1 et St
R L angiogenezu i
endodontskog lije¢enjasi | min). fbri A .
= |br|_nogenezu i najmanju
PDT-6. periapikalnu leziju.
Ispitati dodatni u€inak PDT- o lako je samo endodontsko
PDT - fenotijazin _—— o
eu . liie€enje (revizija) dovelo
. & klorid kao PS + o .
eradikaciji - do znac¢ajnog smanjenja
Bago . : diodni laser (660 . .
- mikroorganizama broja vrsta bakterija,
Juri¢ ! nm, 100 mW, 1 Ty
) nakon konvencionalnog . - kombinacija endodontskog
i sur, = min zraCenja), b sy
postupka revizije kod . . . liie€enja i PDT-e bila je
2014. trodimenzionalni

pacijenata s perzistiraju¢im
periapikalnim procesom
21 pacijent.

fiber - opticki
nastavak.

ucinkovitija. Kod 11 zuba
(od 21) nije otkriven
porast bakterija.

) 4

PDT - RELEVANTNA ~—
KLINICKA ISTRAZIVANJA

nﬁ. R

Kishen A, Shrestha A. Photodynamic Therapy for Root CW
Disinfection. In: Bassrani B. Endodontic irrigation. 1st edition.
Cham: Springer; 2015. 237-253. '
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Garcez AS, Nunez SC, Hamblim MR, Suzuki H, Ribeiro MS.

Photodynamic Therapy Associated With Conventional Endodontic

Photodynamic Therapy Associated with Conventional
Endodontic Treatment in Patients with Antibiotic-resistant
Microflora: A Preliminary Report

Aguinaldo 8. Garcez, PbD. * Silvia C. Nunez, PbD, Michael R Hamblim. PbD. o
Hideo Suzuki,* and Martha S. Ribeiro, PbD"

Abstract

Introduction: This study reports the antimicrobéal
effect of photodynamic therapy (PDT) combined with
endodontic treatment in patients with necrotic pdp n
fected with microfiora to a previ

therapy. Methods: Thirty anterior teeth from 21
pauentsmhpenapxa“esmsﬂmhadbeenmﬁd
with ¢ o and antibi
therapy were selected. Microbiclogical samples weee
taken (1) after accessing the root camal (2) after
endodontic therapy, and (3) after PDT. Results: All
the patients had at feast 1 microorganism resistant to
antibsotics. PDT used polyethylenimine chiorin{e6) as
a photosensitzer and 3 dicde laser as a light sousce
(P = 40 mW, t = dminutes, E = 9.6 §). Endodontic
therapy alone produced a significant reduction in
numbers of microbial species but only 3 teeth were
free of bacteria, wh the comb of endod:
therapy with PDT el all drug-res species

n the cxse of endodont falure. 1 surgical OF extrac-
tion useally i carried out with the use of antibiotics and antseptics 25 adjunctive ther-
apies. but the long-term ese of these agents can be rendered meffective by resistance
developing in the target ongznism (1) Curvently, there is 2n emergence of hacteria
with multipie resstances, and there & a peed for alternative antimicrobial spproaches
(2-6).

The combination of ¢ sonal endod therapy and photodh therapy
(PDT) has been shown as an effective approach in reducing bacterial load in in pitro
and in sivo models (7-11).

This study investizated the combinasion of PDT with endodontic treatment in

patients with necrotic pelp harboring microflora resistant 0 2 previoes antibiotic
therapy.
Materials and Metheds
Thirty teeth from 21 patients with periapical lesions whe had beea previoudy

treated with endodoatic treatment associaled with antibictic were selected The
mwnrm«ndhulhmdba:wm&mdl and 52 years. All the teeth

ands!teeﬁ\wefebmemhe Condusums The
use of PDT added to ¢
leads to a further major reduction of microbial load. POT
is an efficient reatment to kil mult-drug resistant
microorganisms. {J Endod 2010;36:1463-1466)

Key Words
PR TR i o s
faser, photodynamic therapy

From the "Centre de Pesquica ¢ Pos-Gradusgae Sdo Leo-
podo Mandic, Campinas, SP, Brazd, "CETAD, S0 Paulo, 5P,
Brazl. "Wellman Center for Photomedicne, Massachusetts
General Hospital, Beston, Massachusetts; *Department of
Denmatology. Harvand Medical Scheol, Beston, Massachusers:

Rarvard MIT Division of Health Scence and Technology, Cam-
bridge, Massadhusetts; and "Center of Lasers and Agplications,
PEN-CNEN/SP, S30 Paudo, SP, Bragdl

Address requests for repdnts to D Aguinaldo Silva Garces,
Sao Leopoido Mandic Undversity, Campinas, SP, Srazil. £-mal
address; gancez. cequndodnesra com .

0093239080 - sew front matee

Cogyright (@ 2010 American Assodation of Endodennsts.

dok10.1016/ joen.2010.06.001

JOE — Volume 36, Number 9. Scptembey 2010

vmp amcﬂpuuﬂxmmmmmm
dnmzdb\mdwgmph and some pasients had pain by vertical percussion and/or
local edema, all requiring root canal on teeth with closed apices. The
same practiioner carried out this stady in 3 private dental office in S3o Paulo, Brail.
The protocol was spproved by the Institutional Review Board of the SGo Panlo Univer-

sity, and | procedures were conducted zcconding to the principles of the Declarstion
of Helsinki

Eadodontic Treatment

Thiry root canals from anterior teeth were re-trested and received endodoatic
treatment followed by PDT. Microbiological samples were tzken afier acoessing the
root canal, after endedontic therapy. and aier PDT. The find microbiclogical ssmple
confirmed that 2l the patients had 2 lexst | microorganism resistant to anshiotic medi-
caion.

A periapical radiograph was taken for cach case (0 determine the presence of
apical lesion, the canal morphology, and its length.

The access o the pulp chamber was gained after instaliation of 2 rubber dam, and
then the surrounding 2rea received prophylactic asepsis and was imigated with 5 mi of
chlorhexidine soluion 2t 2% 1o ensure that the crown of the tooth had minimsl micro-
bial load (8).

Once the canal was accessed, 3 Hedsirom file £15 (Maillefer Instruments SA, Bal-
kaigues, Switrerkand) was inserted inside the canal 10 remove the gutta-percha and root
canal sesler obturation; then the root canal was irmigated with 1 ml. of sierile saline sole-
tion. The canal was dried with 3 sterile paper points (Dentsply Latin America. Petrop-
olis, Brazil) and left inside the root canal for | minute cach. All 3 paper points were
combined for microbiological anadvsis. This procedure was the first microbiological
sampling representing the initial contaminstion. The paper points were deposited in
2 fresh sterile bottle with sterile nutrient broth

totmicrobus! $iect of POT Combencd wih Endodosss Trewmens VB3

Treatment In Patients With Antibiotic-resistant Microflor@:}\

Preliminary Report.J Endod. 2010;36(9):1463-6

*Cilj: Ispitati utjecaj PDT — a u odnosu na
konvencionalno ispiranje

*30 zuba u 21 pacijenta

«Zakljucak: PDT u svim uzorcima je dovela do
eradikacije bakterijske flore
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Antimicrobial Photodynamic Therapy for the Treatment

of Teeth with Apical Periodontitis: A Histopathological

Evaluation

Lea Assed Bezerra Sitva. DDS, MSc. PbD.* Artbur B. Novaes, Jr. DDS. MSc. PhD’
Rafael R. de Oliveira, DDS. MSc. PbD. Pauldo Nelson-Filbo. DDS. MSc. PbD,*
Milton Santamaria, Jr, DDS, MSc, PbD.* and Raquel Assed Bezerra Silva, DDS, MSc, PbD*

Abstract
Introduction: This study evaksated the in wvivo
response of apical and periapical tisswes of dogs' teeth
with apical periodontitis after one-session endodontic
treatment with and without antimicrobiat photodyramec
therapy (aPDT). Methods: Sixty root canals with exper-
imentally induced apical periodontits were instre-
mented and assigned to 4 groups receiving aPDT and
root canal filling (RCF) or not: group aPDT+RCF+ (n =
20): aPDT (photosensitizer phenothiazine chioride at
10 mg/mi. for 3 minutes and diode laser {2 = 660 nm,
60 miWam?] for 1 minute) and RCF in the same session;
group aPOT+RCF— {n = 10); group aPDT-RCF+ (n=
20), and group aPDT—/RCF— (n = 10). Teeth were
restored, and the animals were killed after 90 days.
Sections from the maxilias and mandibles were stained
with hematoxylin-eosin and Malfory trichrome and
examined under ght microscopy. Descriptive (ie, newly
formed apical mineralized tissue, periapical inflamma-
fory infiltrate, apical periodontal igament thickness,
and tissue ption) and g stative (e,
periapical lesion size and number of inflammatory cells)
micrascopic analysis was performed. Quantitative data
were analyzed by the Kruskal-Walfis and Dunn tests
{e = .05). Results: In the aPDT-treated groups, the per-
q)xa( region was modetate!ylsevere*f enlarged with no
y cels, and f-
brogenesis, and the smallest penapnca! lesions. Conclu-
sions: Although apial closure by mineralized tissue
depasition was not adneved the absence of inflamma-
tory cells, mod s and fibrag
nthepenmdregmmtheglm reated with
aPDT indicate that this can be 2 promising adjunct
therapy to cleaning and shaping procedures in teeth
with apical periodontitis undergoing  one-session
endodontic treatment. {f Endod 2012;38:360-366)

Key Words
Antimicrobial photodynamic therapy, apical periodontitis, endodontic treatment

Thtc&(ﬁeconmdmﬂmktﬁoomthtmmﬂswmismbfﬁe
success of endod therapy. ki has been shoan that the endodontic

nﬁmnmuﬁxuhwlpmnﬁxpldmssd:pohmobdm
with 2 high prevalence of Jmcmbc microorganisms, particularly gram-negative
bacteria (1). which ultimately throughout the root canal system 2nd reach
the outer root surface (spical biofilm) (2). The extraradicubar infection is inaccessible
®© the cleaning and shaping procedures, allowing persistence and multiphcation of
microorganisms and leading 1o low success rates when o satibacterial medication
is used and one-appointment endodontic therapy is performed (3)

Photodynamic therspy (PDT) has emerged 25 3 treatment strategy for eradicating
target cells, imvobving the use of light of 2 specific wavelength 1o acivate 2 nontoxic light-
sensitive compound (known as photosensitizer) in the presence of oxygen (4, 5). The
absorption of photons from the light source by the activased photosensitizer leads it 1o
a triple state of excitation, resulting in energy or electron tnasfer to avsilahle molecukar
oxygen with consequent formation of highly reactive oygen species (ROS), sach 25
singlet oxygen and free radicals. This action produces 2 cascade of cxidative evenits
that climately kil microorganisms by cawsing irreversble damage to essential
intracellobyr molecules incloding proteins, membrane lipids. and nedeic acids (6).
Photodynamic inactivaion of microorganisms by local sppbication of photosensitizer
and Bght limits the action of ROS and avoids systemic harmbul effects on “fricadly”
bacterial fora (7). In addition, unkike antibiotics, which hawe 2 single trget in the
microbial cell, ROS ¢ d from the photody reaction has 2 mulifunctional
nature ind can damage mubtiple cellubir structures, reducing the chances of the devel-
opment of PDT-resistant bacterial strains (8).

As any treatment modality, antimicrobial PDT (2PDT) should ideally have the
capacity 1o destroy the microorganisms responsible for the disease withow causing
damage 1o the bost’s surrounding healthy issues. Low tonicity and rapidity of effect
are desirable qualities of sPDT (9). It has been established that phowsensitizers, which
have a strong cationic charge, can rapidly bind and penetrate hacterial oolls, and., thus,
these compounds show 2 high degree of selectivity for microonznisms over host cells
(10). However, even though stadies (11. 12) have concluded that sPDT is less
damaging to the host tissues, the concentration used for cytotoxicity assessment in
these studics s usually lower than that of bacteriad killing. Sedectivity toward bacteria
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Silva LA, Novaes AB Jr, De Oliveira RR, Nelson—Filho P,

Santamaria M et al. Antimicrobial Photodynamic Therapy for the

Treatment of Teeth with Apical Periodontitis: A
Histopathological Evaluation. J Endod. 2012;38(3):360-6.

Cilj: Upalni odgovor periapikalnog tkiva pasa nakon
jednoposjetne endodoncije sa i bez PDT — a

30 zuba uklju€eno u istrazivanje

« Zakljucak: PDT skupina je pokazala najmanju periapikalnu
leziju, umjerenu angiogenezu, fibrinogenezu, bez upalnih
stanica



Randomized Controlled Trial > Photodiagnosis Photodyn Ther. 2014 Dec;11(4):549-55.

doi: 10.1016/j.pdpdt.2014.10.004. Epub 2014 Oct 24.

The antimicrobial effectiveness of photodynamic
therapy used as an addition to the conventional
endodontic re-treatment: a clinical study

lvona Bago Juri¢ ', Vanda Plecko ¢, Dragana Gabri¢ Panduri¢ ?, Ivica Anic *

Affiliations 4 expand
PMID: 25461966 DOI: 10.1016/j.pdpdt.2014.10.004

Abstract

Background: The purpose of the study was to evaluate the efficacy of antimicrobial photodynamic
therapy (aPDT) used as an adjunct to the endodontic re-treatment in the eradication of
microorganisms from previously filled root canals.

Methods: The study sample consisted of 21 randomly selected patients with root filled and infected
root canal system with chronic apical periodontitis on incisors or canines, who have had previously
endodontic treatment. Microbiological samples from the root canals were collected after accessing
the canal, following the endodontic re-treatment and after the aPDT procedure. During
instrumentation, the root canals were irrigated with 2.5% sodium hypochlorite (NaOCl), and the final
irrigation protocol included 17% ethylenediaminetetraacetic acid followed by NaOCI. Root canals were
filled with a phenothiazinium chloride and irradiated with a diode laser (A=660 nm, 100 mW) for 1
min. Microbiological samples from the root canals were cultivated on selective plates, and the
identification was done by micromorphology, macromorphology and different API strips as well as
bacterial counts (colony forming units).

Results: Fourteen bacteria species were isolated from the root canals initially, with a mean value of
4.57 species per canal. Although endodontic re-treatment alone produced a significant reduction in
the number of bacteria species (p<0.001), the combination of endodontic treatment and aPDT was
statistically more effective (p<0.001). No bacteria were cultivated from the main root canals of 11
teeth.

Conclusion: The results indicated that the aPDT used as an adjunct to the conventional endodontic
therapy achieved a significant further reduction of intracanal microbial load.

Keywords: Endodontic re-treatment; Laser; Photodynamic therapy; Root canal infection.

\\./
Bago Juric |, PleCko V, Gabri¢ Panduri¢ D, AnicC |. The
Antimicrobial Effectiveness of Photodynamic

Therapy Used as an Addition to the Conventional ./

Endodontic Re-treatment: A Clinical Study.
Photodiagnosis Photodyn Ther. 2014;11(4):549-55.

 Cilj: ispitati adjuvantni uCinak PDT — a u eradikaciji
mikroorganizama

» ZakljuCak: Kombinacija s PDT — om je bila uCinkovitija, kod 11

od 21 zuba doslo do potpune eradikacije bakterija
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“ BIOKERAMICKO PUNILO
- KORIJENSKIH KANALA

« Trikalcij fosfat, mineral trioksid (MTA) i trikalcij silikat
 Kalcij fosfat, MTA cementi, kalcij silikat

« Cirkonij oksid, trikalcij silikat, dikalcij silikat, koloidna
silika, kalcij silikat, monobazi¢ni kalcij fosfat, kalcij
hidroksid

» BioRoot RCS - trikalcij silikat, cirkonij dioksid, o
povidone ~ _

Simundié Muniti¢ M, Poklepovi¢ Peri¢i¢ T, Utrobici¢ A, Bago |, Puljak L (2019) Antimicrobial efficacy of commeﬁdally Wendodorﬁic bioceramic root canal sealgrs:
A systematic review. PLoS ONE 14(10): e0223575. v —
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Cytotoxic effects of four different root canal
sealers on human osteoblasts

Susanne Jung', Sonja Sielker’, Marcel R. Hanisch', Viktor Libricht', Edgar Schifer’,
Till Dammaschka®*
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Wesiphalian Wihelire-Usiversily, MOngbar, Germany, 3 Cantral lnerciseipinary Ambulanee in e Schoel of
Desniistry, Milnster, Germany

* filids @ uni-misnsier. de

Abstract

The aim of this study was to evaluate the effect of an epouy resin-based (AH-Plus), a zinc
oxide eugenal containing (Pulp-Canal-Sealer) and two calcum silicate containing (MTA-Fil
lapex and BioRool-RCS) sealers on primary human ostecblasts (ROB) in freshly mixed and
st state. All sealers were mixed strictly according to the manufacturers” instructions and

- idenfically samples were produced. In a pretest cyiotowic sealer concentrations were deter-
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mined. Thus, for the main call culture study, dilutions of sealer extract 1:1, 1:2, and 1:10
wire used. To simulate a clinical scenario, extracts from freshly mixed sealer were added o
the cells on day one. Exfracts form set saalers were used for subsequent cufturing for 24h,
7d, 14d, and 21d. Call viability was analyzed by living-cell-count, MTT-assay, and living/
daad-staining, cytoloxicity by LDH-assay, and changss by Richardson-staining. All data
were statistically evaluated by one way ANOVA and a posthoc analysis with Bonberroni-
Huolm lesting (p=0.05). AH-Plus was cyioloxic in a freshly mixed state, but not when the
sedler was set. MTA-Fillapsx and Pulp-Canal-Sealer wera cytotoxicin a fresh as well as ina
set state. BioRool-ACS showed the lowest toxicity in both states; where as a regeneration
of the cells could ba observed over time (p=0.05). Contact of freshly mized AH-Plus to oste-
ohblasts should be avoided. Pulp Canal Sealer and MTA-Fillapex showed no biocompatibility
in contzct with ostecblasts at all. BioRoot-RCS had a positive influence aon the cell metabo-
lism (bioactivity) and is biocompatible.

Intreduction

The aim of a root canal filling is the three dimensional bacteria and fuid tight seal of the entire
root canal system in osder to prevent passage of microorganisms from coronal to apical or vice
versa [1, 2). Furthermore, root canal filling materials should be more or less insoluble to pre-
vent dissolving by body fluids in the root canal. 1t is well known, that breakdown products
from root canal sealers may have an adverse effect on the proliferative capability of periradicu-
lar cell populations [3]. It has to be kept in mind that, besides the apical foramen, numerous

Jung S, Sielker S, Hanisch MR, Libricht V, Schafer
E, Dammaschke T. Cytotoxic Effects of Four

Different Root Canal Sealers on Human
Osteoblasts. Plos ONE.2018;13(3):e0194467

&y

Cilj: ispitati citotoksiCnost 24h, 7 dana, 14 danai 21 dan
nakon mijesanja

ZakljuCak: BioRoot RCS (Septodont, Saint Maur Des
Fosses, Cedex, France) pokazuje biokompatibilnosti
nisku citotoksicnost
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Abstract: The purpose of this study was Lo compare the cytotoxic effects and mineralization activity
of three calcium silicate-based root canal sealers to those of a conventional resin-based sealer.
Experiments were performed using human dental pulp stem cells grown in a monolayer culture.
The root canal sealers tested in this study were EndoSequence BC Sealer (Brasseler), BioRoot RCS
(Septodont), Endoseal MTA (Maruchi), and AH Flus (Dentsply DeTrey). Experinvental disks 6 mim
in diameter and 3 mm in height were made and stored in a 100% humidity chamber at 37 °C
for 72 h to achieve setting. The cytotoxicity of various root canal sealers was evaluated using
a methyk-thiazoldiphenyl-tetrazolium (MTT) assay. To evaluate cell migration ability, a scraich
wound healing method was used, and images of the scratch area were taken using a phase-contrast
microscope. Cell morphology was evaluated by a scanning electron microscope after direct exposure
for 72 h to each sealer disk. In the cell viability assay, there were no significant differences between
the EndoSequence BC, BioRoot RCS, Endoseal MTA, and control groups in any experimental period
(p = 005). In the cell migration assay, there were no significant differences between the EndoSequence
BC, Endoseal MTA, and control groups in any experimental period (p > 0L.05). BioRoot RCS exhibited
slower cell migration relative o EndoSequence BC and Endoseal MTA for up to 72 h {p < DU05).
Conversely, it showed a similar wound healing percentage at % h (p > 0.05). In an evaluation of cell
morphology, cells in direct contact with EndoSequence BC, BioRoot RCS, and Endoseal MTA disks
showed superior spreading compared o those in contact with the AH Plus disk. In an Alizarin red
staining assay, EndoSequence BC, BioRoot RCS, and Endoseal MTA showed a significant increase
in mineralized nodule formation compared to the AH Flus group {p =< 0.05). In conclusion, all
calcium silicate-based rool canal sealers lested in this study showed good biological properties and
mineralization activity compared to conventional resin-based sealer.

Keywords: cell viability; cell migration; scanning electron microscope; mineralization; calcium
silicate-based sealer; comventional resin-based sealer

1. Introduction

The aim of root canal treatment is o provide thres-dimensional obturation of the root canal
system to prevent the entry of bacteria and fluid [1-3]. To provide hermetic sealing, core materials
such as gutta-percha (GF) and root canal sealers are essential [4,5]. Sealers should be biocompatible

Materizls 2019, 12, 245 dod: 10330 mal 2152482 www.mdploomfjoamalimaterials
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Seo D-g, Lee D, Kim Y-m, Song D, Kim S-y.
Biocompatibility and Mineralization Activity of_
Three Calcium Silicate-based Root Canal
Sealers Compared to Conventional Resin-
based Sealer in Human Dental Pulp Stem Cells.

Materials [Internet] 2019;12(15):2482.Available
From:_10.3390/Mal2152482

« Cilj: Ispitivati tri kalcij — silikatna punila u odnosu na standard
epoksi punilo

* Zakljucak: StatistiCki znaCajna razlika u mineralizaciji svih
kalcij — silikatnih punila u odnosu na AH+ (Dentsply Detrey) -/



https://dx.doi.org/10.3390/ma12152482

CILJEVI DOKTORSKOG RADA

. Ispitati utjecaj PDT-a, primijenjene na kraju kemomehanicke obrade kanala,
na cijeljenje periapikalnog procesa kod pacijenata kod kojih je provedena
revizija

. Ispitati utjecaj punjenja korijenskog kanala biokeramicCkim punilom na

cijeljenje kroniCne periapikalne lezije

. Ispitati utjecaj PDT-a, primijenjene na kraju kemomehanicke obrade kanala,
na pojavnost I intenzitet postoperativne boli u odnosu na konvencionalni
protokol dezinfekcije

. Utjecaj punjenja korijenskog kanala biokeramiCkim punilom na pojavnost
postoperativne boli u usporedbi s punjenjem temeljenim na epoksi smoli



RADNE HIPOTEZE

. Postoji statistiCki znacCajna razlika u cijeljenju periapikalne lezije
kod punjenja kanala biokeramiCkim punilom u odnosu na "zlatni
standard" punjenja punilom baziranim na epoksi smoli

. Postoji statistiCki znacCajna razlika u cijeljenju periapikalne lezije
kod zavrsnog protokola dezinfekcije s PDT-om u odnosu na
pasivnu ultrazvucnu irigaciju

Postoji statistiCki znaCajna razlika u incidenciji postoperativne
boli kod punjenja kanala biokeramiCkim punilom u odnosu na
punjenje bazirano na epoksi smol

. Postoji statistiCki znacCajna razlika u incidenciji postoperativne boli
kod zavrsnog protokola dezinfekcije s PDT-om u odnosu na
pasivnu ultrazvucnu irigaciju



METODOLOGIJA | PLAN ISTRAZIVANJA

« KliniCko istrazivanje: Stomatoloska poliklinika Zagreb lipanj 2019. — lipanj 2022.

Analizom snage testa : 4 ispitivane skupine, oCekivani ucinak veliCine f=0,5,
razina znacajnosti a=0,05 te snaga testa od 90%, u istrazivanje je potrebno
ukljuciti najmanje 44 uzoraka, odnosno 11 po skupini.

F tests - ANOVA: Repeated measures, between factors
Number of groups = 4, Number of measuremems = 3,
Corr among rep measures = 0.5, o err prob = 0.05, Effect size f = 0.5




METODOLOGIJA | PLAN ISTRAZIVANJA
SUDIONICI ISTRAZIVANJA

« Redovni pacijenti upuceni radi revizije endodontskog lijeCcenja na odjel EOPP Stomatoloske
poliklinike Zagreb

» Svi pacijenti potpisuju pisani informirani pristanak za sudjelovanje u istrazivanju
* QOdluka EtiCkog povjerenstva StomatoloSkog fakulteta o provodenju istrazivanja
» |Istrazivanje se provodi u sklopu projekta HRZZ — a "KliniCko i eksperimentalno istrazivanje laserski

aktiviranog fotoakusti€nog strujanja i fotoaktivirane dezinfekcije u endodontskom lijeCenju”

* Registracija protokola na clinicaltirals.gov id 021/002-19-208 NCT04072926

(WMA, World. (2009). Declaration of Helsinki. Ethical Principles for Medical Research Involving Human Subjects. Jahrbuch fiir Wissenschaft und Ethik. 14. 10.1515/9783110208856.233.



|ZBOR PACIJENATA

« KiliniCki pregled, intraoralni rendgenogram
* Informirani pristanak

ini odabir (wheeldecide.com)
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METODOLOGIJA | PLAN ISTRAZIVANJA
KRITERIJI UKLJUCENJA PACIJENATA

Simptomi periapikalne bolesti nakon prethodno provedenog endodontskog
lijeCenja

Zubi osjetljivi na perkusiju i palpaciju

Sinus trakt i oticanje

Asimptomatsko neadekvatno punjenje

Periapikalne lezije ve€¢e od 5 mm

Davies A, Mannocci F, Mitchell P, Andiappan M, Patel S. The detection of periapical pathoses in root filled teeth using single and
parallaxperiapical radiographs versus cone beam computed tomography — a clinical study. Int Endod J. 2015;48(6):582-92.



METODOLOGIJA | PLAN ISTRAZIVANJA

KRITERIJI ISKLJUCENJA PACIJENATA

* Imunokompromitirani pacijenti

* Trudnoca

e Zubi s dubinom dzepa vecom od 3 mm

« Zubi sa znakovima i simptomima vertikalne frakture

« Zubi koje nije moguce restaurativno/protetski opskrbiti
» Antibiotska terapija unutar posljednjih mjesec dana

« Akutni apikalni apsces

Davies A, Mannacci F, Mitchell P, Andiappan M, Patel S. The detection of periapical pathoses in root filled teeth using single and
parallaxperiapical radiographs versus cone beam computed tomography — a clinical study. Int Endod J. 2015;48(6):582-92.



METODOLOGIJA | PLAN ISTRAZIVANJA
e RANDOMIZACIJA PACIJENATA

Dvije osnovne skupine ovisno o zavrsnom protokolu dezinfekcije
Skupina 1: Fotodinamska terapija (PDT)
Podskupina A: Punjenje kanala BioRoot RCS punilom
Podskupina B: Punjenje kanala AH Plus punilom

Skupina 2: Pasivno ultrazvucno ispiranje (PUI)
Podskupina A: Punjenje kanala BioRoot RCS punilom

Podskupina B: Punjenje kanala AH Plus punilom
NS U K







KLINICKI PROTOKOL

Jednoposjetna revizija punjenja Endo — R (Micro-mega 5-12, Rue du Tunnel, 25006
Besancon Cedex, Francuska) strojnom obradom

Zavrsno punjenje single — cone TS2 (Micro-mega 5-12, Rue du Tunnel, 25006
Besancon Cedex, Francuska) gutaperkama i punilom

Koronarni pecat FujilX (GC Corporation 3-2-14 Hongo, Bunkyo-ku, Tokyo 113-0033,
Japan)

RadiolosSka kontrola
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&/
KLINICKI PROTOKOL-
FOTODINAMSKA TERAPIJA
« Diodni laser (660nm, 100mW, 60 sec), fiberoptiCko
vlakno promjera 320um
 PDT se provodi na kraju konvencionalnog ultrazvucno
aktiviranog ispiranja
« Endo - PDT otopina toluidinskog modrila &
hth':".)kdvd“”DA.'&dyagmg?,é'Fplkv %2%*;?2%1?5‘52?é“,‘ii"::?zyl.”E;i%%‘%%ﬁﬁzi‘%”hé‘iodyn
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“  KLINICKI PROTOKOL - PASIVNO — .
It ULTRAZVUCNO ISPIRANJE |

« 2,5ml 3% NaOCI 30 sec pasivno

o« 2ml 20% EDTA ultrazvu¢no aktivirano 60 sec

 2.5ml 3% NaOCI ultrazvucno aktivirano 30 sec

Shen Y, Gao Y, Lin J, Ma J, Wang Z, Haapasalo M. Research on irrigation: Methods and Models. In: Bassr&?ﬁ B. EWiC
irrigation. 1st edition. Cham: Springer; 2015. 65-99.




METODOLOGIJA | PLAN ISTRAZIVANJA
PROCJENA CIJELJENJA PERIAPIKALNOG PROCESA

« Radioloska volumetrijska procjena nakon godinu dana

» Egzaktni volumen u kubicnim milimetrima

Orstavik D. Time-course and risk analyses of the development and healing of chronic apical periodontitis in man.Int Endod J.1996;29(3):150-5.

European Society of Endodontology. Quality guidelines for endodontic treatment: consensus report of the European Society of Endodontology.Int Endod J.2006;39(12):921-30.



https://pubmed.ncbi.nlm.nih.gov/?term=European+Society+of+Endodontology%5BCorporate+Author%5D

METODOLOGIJA | PLAN ISTRAZIVANJA
CBCT ANALIZA

Dvije CBCT snimke (FOV 5x5, 85um veli¢ina voxela, endomode):

1. Preoperativna CBCT snimka

2. Postoperativna, godinu dana nakon endodontskog lijeCenja

« KiliniCki pregled, stanje restauracije, potreba za protetskim/kirurskim tretmanom
« Segmentacija i mjerenje lezije u 3D mode — u OnDemand software - a

* Redukcija veliCine lezije kao mjera uspjeha zahvata

Arasu E, Myers G, Rathore S, Best A. Evaluation of volumetric change of periapical lesions after apicoectomy as a measure of postsurgical healing utilizing cone beam
computed tomography.J Endod.2017;43(3):23



Opravdanost primjene CBCT - a

Sve doze zraCenja za pacijente bit ¢e “as low as reasonably achievable” (ALARA)

UcCinkovita doza zraCenja za mali FOV 13 - 44uSv

Zubi s loSom prognozom i velikom periapikalnom lezijom

Primjena CBCT - a biti Ce prema uputama i pravilima Europskog endodontskog drustva

Kralik I, Faj D, Lauc T, Skarica M, Popic J, Brkic H. Dose area product in estimation of effective dose of the patients undergoing
dental cone beam computed tomography examinations. J. Radiol Prot.2018; 38(4):1412-27.

Patel S, Brown J, Semper M, Abella F, Mannocci F. European Society of Endodontology position statement: Use of cone beam computed tomography in Endodontics:
European Society of Endodontology (ESE) developed by. Int Endod J. 2019 Dec;52(12):1675-78.

Davies A, Mannocci F, Mitchell P, Andiappan M, Patel S. The detection of periapical pathoses in root filled teeth using single and
parallaxperiapical radiographs versus cone beam computed tomography — a clinical study. Int Endod J. 2015;48(6):582-92.
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ANALIZA CIJELJENJA

» Da bi se postigla ponovljivost | tocnost mjerenja:

« 30% CBCT — a Ce se ponovo mjeriti nakon mjesec dana

« 30% CBCT — a Ce mjeriti druga dva ispitivaca ukljucujuci radiologa



KATEGORIJE ISHODA ENDODONTSKOG LIJECENJA

Rud J, Andreasen JO, Mdller Jensen JE. Radiographic criteria for the
assessment of healing after endodontic surgery. Int J of Oral Surg.
1972;1(4):195-214
Nova periapikalna radiolucencija
Povecana periapikalna radiolucencija

Nepromijenjena periapikalna radiolucencija

Smanjena periapikalna radiolucencija



1IZVORNI ZNANSTVENI DOPRINOS ISTRAZIVANJA

Utjecaj primijenjenih metoda (PDT) i materijala (BioRootRCS) na cijeljenje periapikalne
lezije

Incidencija i intenzitet postoperativne boli ovisno o primijenjenim metodama/materijalima
CBCT dijagnostika kao preciznija metoda evaluacije

Ucinkovitost, rizik, prognostiCki Cimbenici, terapijske opcije

Informirana odluka o terapiji na temelju dobivenih podataka



