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Abstract

Objectives: The aim of this research was to evaluate the effect of long-term use of three intraca-
nal medicaments on the radicular dentin microhardness and fracture resistance. Material and meth-
ods: A chemomechanical preparation was done using the Protaper rotary instruments up to F3. The
teeth were stored in an incubator at 37°C at 100% humidity and were categorized in three groups by
random allocation, namely: Triple Antibiotic Paste (TAP), Calcium hydroxide paste (Apexcal) and Le-
dermix. Following medicament application, the access openings of all teeth were sealed with 4 mm
thickness of cavit. The samples were stored for periods of 1 week, 1 month and 3months. Two dentin
cylinders measuring 5mm and 3mm were obtained from each sample. The cervical third was used for
fracture resistance and the middle third was used for micro hardness evaluation. The microhardness
testing was done using a Knoop microhardness tester, and the fracture resistance testing was done
using the universal testing machine. Results: Calcium hydroxide showed maximally negative effect
on the physical properties of radicular dentin compared to TAP (p= 0.0100 at one month and Leder-
mix (p=0.0001 at one month ). With an increase in the application time, there was an increased dete-
rioration in the physical properties of radicular dentin. Conclusion: Long-term placement of calcium
hydroxide, Triple Antibiotic Paste, and Ledermix (p= 0.0001at 3 months) significantly affects the mi-
crohardness and fracture resistance of radicular dentin.

Introduction Uvod

The root canal system is comprised of the main canal
and various complexities such as lateral canals, ramifications,
loops, isthmuses, deltas (1). In infected root canals, bacte-
ria, which persist deep within the dentin, may be difficult to
eradicate and trigger periapical pathosis (2). During a root
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Sustav korijenskog kanala sastoji se od glavnog kanala i
razli¢itih lateralnih kanala, ramifikacija, petlji, istmusa i delti
(1). Zato je u slucaju infekcije tesko eliminirati bakterije du-
boko unutar dentina koje izazivaju periapikalnu patologiju
(2). Istaknimo da tijekom instrumentacije korijenskog kana-
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canal preparation almost half of the root canal surface and
ramifications may remain untouched (3).

An adequate chemo-mechanical preparation to obtain
a three-dimensional seal is important to attain a successful
endodontic therapy (4). Failure of endodontic treatment is
most commonly related to the perseverance of pathogenic
microbes that thrive very well even after a thorough cleaning
and shaping is done (5).

Combined use of adequate isolation techniques, biome-
chanical preparation, effective irrigating solutions and tech-
niques, along with a proven disinfecting medicament play a
major role in determining the success of a root canal thera-
py (6).

Medicaments play a major role in preparing the root ca-
nals for long term treatment protocols, especially in situa-
tions of regenerative endodontics and apexification. Calcium
hydroxide (CH), Triple Antibiotic Paste (TAP), Double An-
tibiotic Paste (DAP) and Ledermix are the most commonly
used intracanal medicaments (7).

Calcium hydroxide (CH) is widely used to achieve disin-
fection within the root canal. It is also used for the induction
of apexogenesis and apexification, in management of inter-
nal eradicular resorptive defects, various perforations and in
treating periradicular pathoses; nevertheless, it has been used
as a dental-pulp capping agent (8, 9).

Bystrom et al. confirmed the fact that E. faecalis is the
most resilient strain against CH (10-11).

Various studies have proved that long-standing use of CH
may have an adversative effect on the physical properties of
radicular dentin (12). Almost 50% of reduction in micro-
tensile fracture strength (MTES) of teeth was seen by Rosen-
berg et al. while they were studying long-term application of
CH (7-84 days) (13). Even the mean elastic modulus of bo-
vine dentine increased drastically, as seen by Kawamoto et al.
(2008), thus making it more prone to fracture (14).

Lately, a newer formulation called ‘triple antibiotic paste’
(TAP) has been given by Hoshino et al. Ciprofloxacin, met-
ronidazole and minocycline together form TAP (15). The
abovementioned antibiotics exhibit effective antimicrobial
and antibacterial properties (16).

Trauma and periapical pathosis in immature permanent
teeth impede the deposition of minerals by the disruption
in blood flow thereby causing cessation of complete root de-
velopment (17). The apexification technique promotes apical
closure by either placement of a MTA apical plug or with pe-
riodic changes of intracanal medicaments (18, 19). Another
treatment option is the Regenerative endodontic procedure
which is designed to replace the damaged structures to rees-
tablish the pulp-dentin complex thereby maintaining the vi-
tality of pulp (20). According to Fouad, a complete disinfec-
tion is required for a higher level of efficacy than is needed in
clinical endodontics (21). Thus, the establishment of a sus-
tained sterile microenvironment within the root canal which
is achieved through adequate decontamination procedures
will give the newly formed tissue adequate time to establish
itself within the endodontic environment (22).

Disinfection of the root canal is considered to be a crucial
step as infection prevents regeneration, repair and stem cell
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la gotovo polovina povr$ine samog kanala i njegovih ograna-
ka ostane neobradena (3).

Adekvatna kemijsko-mehanicka preparacija kojom se po-
stize trodimenzionalno brtvljenje vazna je za uspjesnu endo-
dontsku terapiju (4). Neuspjeh se najcesée veze za trajnu pri-
sutnost patogenih mikroorganizama koji nastavljaju zivjeti u
dentinu ¢ak i nakon detaljnog ¢iséenja i Sirenja kanala (5).

Kombinirana upotreba pravilne izolacijske tehnike (su-
hoga radnog polja), biomehanicka preparacija, ucinkovite
otopine za ispiranje i tehnika rada te dokazano djelotvorno
dezinficirajuce sredstvo kljucni su za uspjesno lijecenje kori-
jenskog kanala (6).

Lijekovi su u protokolima dugotrajne terapije veoma vaz-
ni u pripremi korijenskog kanala, posebno u slucaju regene-
rativne endodoncije i apeksifikacije. Kalcijev hidroksid, tro-
struka antibioticka pasta (TAP), dvostruka antibioticka pasta
(DAP) te Ledermix najées¢e se primjenjuju kao intrakanal-
ni lijekovi (7).

Kalcijev hidroksid (CH) ¢esto je u upotrebi kao sredstvo
za dezinfekciju unutrasnjosti korijenskog kanala, a koristi se i
za poticanje apeksogeneze i apeksifikacije, u lije¢enju internih
radikularnih resorptivnih defekata, razlicitih perforacija te u
lije¢enju periapikalne patologije. Upotrebljava se i kao sred-
stvo za prekrivanje pulpe (8, 9).

Bystrom i suradnici potvrdili su da CH slabo djeluje na
bakterije Enterococcus faecalis (10, 11).

U mnogim istrazivanjima autori su potvrdili da dugotraj-
na upotreba CH-a nepovoljno utjece na fizicka svojstva radi-
kularnog dentina (12). Rosenberg i suradnici opazili su goto-
vo 50-postotnu redukciju mikrotenzilne snage (MTES) zuba
nakon dugotrajne (7 — 84 dana) upotrebe CH-a (13). Cak je
i srednji modul elasti¢nosti govedeg dentina znacajno pora-
stao, ¢ime je postao sklon frakturama (14).

Nedavno su Hoshino i suradnici predstavili noviju for-
mulaciju nazvanu trostruka antibioticka pasta (TAP) koja sa-
drzava ciprofloksacin, metronidazol i minociklin (15). Svi
navedeni sastojci imaju antimikrobna i antibakeerijska svoj-
stva (16).

Trauma i periapikalna patologija nezrelih trajnih zuba
ometaju odlaganje minerala prekidanjem dotoka krvi, te ta-
ko zaustavljaju razvoj korijena zuba (17). Apeksifikacijska
tehnika potice zatvaranje apeksa postavljanjem MTA cepa,
ili periodi¢nim izmjenama intrakanalnih lijekova (18, 19).
Druga terapijska moguénost jest regeneracijski endodont-
ski postupak kojim se pokusava zamijeniti oste¢ene struktu-
re kako bi se ponovno uspostavio pulpno-dentinski kompleks
te ocuvao vitalitet pulpe (20). Prema stajalistu Fouada, po-
trebna je potpuna dezinfekcija, u vecoj mjeri nego u sluca-
ju klinicke endodoncije (21), pa je uspostava odrzivoga ste-
rilnoga mikrookolisa unutar korijenskog kanala adekvatnim
dekontaminacijskim postupcima prijeko potrebna da bi no-
vostvoreno tkivo dobilo dovoljno vremena za svoju organiza-
ciju unutar endodontskog prostora (22).

Dezinfekcija korijenskog kanala smatra se klju¢nom zato
sto infekcija onemogucuje regeneraciju, oporavak i aktivnost
mati¢nih stanica (23, 24). Protokol Americkoga drustva za
endodonciju (AAE) preporucuje upotrebu TAP-a u regene-
racijskim endodontskim postupcima (25), ali i u lije¢enju ra-
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activity (23, 24). The American Association of Endodontics
(AAE) protocol advocates the use of TAP in regenerative end-
odontic procedures (25). Its use is also advocated in the treat-
ment of radicular resorptive defects, root fracture, and also
in the non-surgical management of periapical pathosis (26).

The use of TAP is associated with a few limitations; Tooth
discoloration is the biggest drawback of this medicament,
which arises due to the presence of minocycline which has
a negative impact on the esthetics of the patient, especially
when used in the anterior teeth (27, 28). TAP, when used for
long term, has shown to cause an increased radicular dentin
demineralization and an associated reduction in microhard-
ness (22, 29).

Ledermix™ paste is a commercially available intracanal
medicament paste that was introduced by Schroeder and Tri-
adan in 1960. It is a polyethylene glycol-based paste con-
taining tetracycline antibiotic, demeclocycline HCI (conc. of
3.2%), and a corticosteroid, triamcinolone acetonide, conc.
1% (30, 31). It is efficient in alleviating pain, in the inhibi-
tion of inflammatory root resorption and as an antimicrobi-
al agent (32). In cases of root resorption and large periapi-
cal lesions, Ledermix is kept for a prolonged period of time
(33, 34). Long term exposure of enamel to Ledermix causes
a drastic reduction in the microhardness which is due to the
aqueous tetracycline component.  Due to lack of litera-
ture in this field this study was designed to evaluate the long-
term impact of these medicaments on properties such as mi-
crohardness and fracture resistance of radicular dentin.

The aim of this work is to compare and evaluate the effect
of long-term use of three intracanal medicaments on the ra-
dicular dentin microhardness and fracture resistance.

Null hypothesis

There is no difference in the effect of long term place-
ment of calcium hydroxide, Triple Antibiotic Paste and Le-
dermix on the radicular dentin micro hardness and fracture
resistance.

Material and methods

Source of data

The study was conducted in Department of Conservative
Dentistry and Endodontics, KAHER’ s KLE VK Institute of
Dental Sciences’, KLE Academy of Higher Education and
Research (KLE University) Belagavi.

The microhardness testing was conducted at M.IT (Ma-
nipal Institute of Technology). The fracture resistance testing
was performed at K.L.E Engineering College Belagavi. A to-
tal of 180 extracted, human permanent single rooted premo-
lar teeth were selected.

Selection criteria

Extracted human permanent single rooted premolar
teeth with patent canals and the teeth with apical width cor-
responding to #20 K-file or less were included. Carious teeth,
teeth with apical width more than #20 K-file size, teeth with
calcified canals, teeth with fracture/crack or a restoration,
teeth with internal/external resorption were excluded.

Intrakanalni lijekovi

dikularnih resorptivnih defekata, fraktura korijena te u neki-
rurSkom zbrinjavanju periapikalne patologije (26).

Upotreba TAP-a povezana je s nekoliko ogranicenja, a
najvece je diskoloracija zuba zbog minociklina, $to moze ne-
gativno utjecati na estetiku, posebno ako se koristi na pred-
njim zubima (27, 28). Pokazalo se da TAP potite poveca-
nu demineralizaciju radikularnog dentina i smanjuje njegovu
mikrotvrdoéu (22, 29).

Pasta Ledermix™ komercijalno je dostupna intrakanal-
na medikamentna pasta koju su predstavili Schroeder i Tria-
dan 1960. godine kao proizvod na bazi polietilen glikola ko-
ji sadrzava tetraciklinski antibiotik, demeklociklin HCI (3,2
%) te kortikosteroid triamcinolon acetonid (1 %) (30, 31).
Utinkovit je u uklanjanju boli, inhibiciji upalne resorpcije
korijena te kao antimikrobno sredstvo (32). U slucaju resor-
pcije korijena i velikih periapikalnih lezija Ledermix se ostav-
lja dulje u korijenskom kanalu (33, 34). No dulja izlozenost
cakline Ledermixu moze drastiéno smanjiti mikrotvrdocu
zbog vodene komponente tetraciklina. Kako nema dovoljno
literature o toj temi, u ovom istrazivanju htio se procijeniti
dugotrajni utjecaj tih lijekova na mikrotvrdo¢u i otpornost
na lom radikularnog dentina.

Svrha ovog istrazivanja bila je usporediti i procijeniti uci-
nak dugotrajne upotrebe triju intrakanalnih lijekova na mi-
krotvrdo¢u i otpornost na lom radikularnog dentina.

Nulta hipoteza

Poslije dugotrajne upotrebe nema razlike u u¢inku kalci-
jeva hidroksida, trostruke antibioticke paste i Ledermixa kad
je rije¢ o mikrotvrdodi i otpornosti na lom radikularnog den-
tina.

Materijal i metode

Izvor podataka

IstraZivanje je provedeno u Zavodu za restaurativnu den-
talnu medicinu i endodonciju KAHER’s KLE VK Instituta
dentalnih znanosti KLE u Belagaviju.

Testiranje mikrotvrdoée obavljeno je u Tehnoloskom in-
stitutu u Manipalu, a otpornost na lom na Inzenjerskom fa-
kultetu KLE u Belagaviju. Odabrano je 180 ekstrahiranih
jednokorijenskih ljudskih pretkutnjaka.

Kriteriji za odabir

U istrazivanje su bili ukljuceni ekstrahirani jednokorijen-
ski ljudski pretkutnjaci s prohodnim kanalima i to oni koji su
na apeksu imali prohodnost pri uporabi pilice br. 20 ili ma-
nje. Zubi s karijesom, $irim apeksom, kalcificiranim kanali-
ma, frakturama/pukotinama ili ispunima te zubi s internom/
eksternom resorpcijom nisu bili ukljuceni u istrazivanje.
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Methodology

180 extracted, human single rooted premolar teeth were
selected. Cleaning of visible blood and gross debris was done
using an ultrasonic scaler. The extracted teeth were handled
according to OSHA (Occupational Safety and Health Ad-
ministration) guidelines. 0.1% thymol solution was used for
the storage of the samples until use.

A round bur with a high-speed handpiece was used to
make an access cavity in each tooth specimen. Apical paten-
cy was attained using a size 10 K file (Mani. Inc., Tochigi,
Japan. A 15 K-file (Mani. Inc., Tochigi, Japan) was extended
1 mm beyond the apical foramen by visualizing its tip, fol-
lowing which 1 mm was removed from the predetermined
working length. Shaping and cleaning was carried out using
the Protaper (Dentsply, India) rotary instruments till F3 with
endo motar(X -Smart, Dentsply, India). In between each in-
strumentation change, the canals were irrigated with 2mL of
3% NaOCI (Vishal Dentocare Pvt. Ltd., Ahmedabad India),
followed by 2mL of 17% EDTA (DEOR Deo Smear-Off, In-
dia) as the final irrigant. The canals were subsequently rinsed
with 5-mL of sterile saline using a 27-gauge needle. Follow-
ing irrigation of teeth, sterile paper points (Dentsply, India)
were used to dry the root canals.

The teeth were stored in an incubator at 37°C at 100%
humidity. The teeth were stored for periods of 1 week, 1
month and 3months.

Medicament application

180 specimens were allocated to the following three
groups: Group I: Triple Antibiotic Paste (TAP); Group II:
Calcium hydroxide paste (Apexcal); Group III: Ledermix

Group I: Triple Antibiotic Paste (TAP)

Ist experimental group (n = 60), For the preparation of
TAP, Img / ml of each antibiotic powders (USP-grade) in
equal quantities of metronidazole, ciprofloxacin and minocy-
cline in a ratio of 3:1 was combined with polyethylene glycol.
A sterile lentulo spiral was used for the introduction of the
prepared medicament into the root canals with a slow-speed
handpiece. Following this, the medicament was compacted
to the level of the CE]J using sterile pluggers (Sybron endo).

Group lI: Calcium hydroxide paste (Apexcal)

For the second experimental group (n = 60), commercial-
ly available Ca (OH) 2 paste (Apexcal) was used. The medica-
ment application to the root canal space was done in a similar
manner as described previously.

Group IlI: Ledermix

For the third experimental group (n = 60), commercially
available Ledermix paste was used. The paste was introduced
into the root canals as elaborated previously. Following me-
dicament application, 4mm of cavit (3M ESPE) was used
to seal all the prepared specimens. After the coronal seal was
achieved, flowable composite (Ivoclar Vivadent) was used to
obtain an apical seal.

Preparation of root specimens

Alow-speed diamond saw (Agar Scientific) under constant
water cooling was used for decoronation of the prepared sam-

Intracanal Medicaments .

Metodologija

Odabrano je 180 ekstrahiranih humanih jednokorijen-
skih premolara. Vidljive i velike naslage ociS¢ene su ultra-
zvu¢nim struga¢em. Sa zubima se zatim postupalo prema
smjernicama OSHA-e (Occupational Safety and Health Ad-
ministration). Do pocetka istrazivanja ¢uvani su u 0,1-po-
stotnoj otopini timola.

Pristupni kavitet ucinjen je na svakom zubu okruglim
svrdlom s pomocu nasadnog instrumenta s velikim brojem
okretaja. Prohodnost do apeksa ustanovljena je pilicom br. 10
(Mani Inc., Tochigi, Japan). Pilicom br. 15 proslo se 1 mm
preko apikalnog foramena sve do pojave vrha, a taj je mili-
metar odbijen od unaprijed odredene radne duljine. Obliko-
vanje i ¢iS¢enje obavljeno je Protaperovim (Dentsply, Indija)
rotiraju¢im instrumentima do F3 s endomotorom (X-Smart,
Dentsply, Indija). Izmedu svake upotrebe dviju pila kanali su
isprani s 2 mL 3-postotne otopine NaOCl-a (Vishal Den-
tocare Pvt. Ltd., Ahmedabad, Indija) i 2 mL 1-postotne oto-
pine EDTA-¢ (DEOR Deo Smear-Off, Indija) kao posljed-
njom otopinom. Kanali su na kraju isprani s 5 mL sterilne
fizioloske otopine s pomocu igle 27. Nakon irigacije kanali su
potpuno osuseni sterilnim papirnatim Stapi¢ima.

Zubi su odlozeni u inkubator na 37 °C uz 100-postotnu
vlagu i to od tjedan do mjesec dana i tri mjeseca.

Primjena lijekova

Uzorci su podijeljeni u tri skupine: 1 — trostruka antibio-
ticka pasta (TAP); 2 — pasta od kalcijeva hidroksida (Apexcal);
3 — Ledermix

Skupina 1 — trostruka antibioticka pasta (TAP)

U prvoj eksperimentalnoj skupini (n = 60) pomijesan je
1 mg svakoga antibiotickog praska u jednakim koli¢inama
(metronidazol, ciprofloksacin i minociklin) s polietilen gli-
kolom u omjeru 3 : 1. Za unos pripremljenog medikamenta
u korijenske kanale koristeno je sterilno lentulo svrdlo s ma-
lim brojem okretaja. Nakon toga ulozak je sterilnim plugge-
rima (Sybron endo) komprimiran do caklinsko-cementnog
spojista.

Skupina 2 — kalcijev hidroksid (Apexcal)

Za drugu eksperimentalnu skupinu (n = 60) odabrana je
komercijalno dostupna pasta Ca(OH), (Apexcal). Postavlja-
nje lijeka u korijenski kanal obavljeno je na sli¢an nacin kao
$to je ve¢ opisano.

Skupina 3 — Ledermix

Za tre¢u eksperimentalnu skupinu (n = 60) koristena je
komercijalno dostupna pasta Ledermix. Unesena je u kori-
jenske kanale kako je ve¢ opisano. Nakon toga svaki je uzo-
rak zatvoren s 4 mm Cavita (3M ESPE). Nakon koronalnog
brtvljenja, apikalno brtvljenje postignuto je tekué¢im kompo-
zitom (Ivoclar Vivadent).

Priprema uzoraka korjenova

Krune su uklonjene dijamantnom pilom s malim brojem
okretaja (Agar Scientific) pod konstantnim ispiranjem, 0,5



. Amonkar i sur.

ples, 0.5mm radicular to the CE]. The decoronated segment
was then sectioned horizontally in order to obtain 2 radicular
dentin discs. Fracture resistance assessment was performed on
the 5-mm section cervical to the CEJ and microhardness eva-
luation was made on the middle third 3-mm root section. 5
mL of sodium hypochlorite in combination with gentle, ma-
nual agitation with a ProTaper F3 instrument followed by fi-
nal irrigation with 5 mL of EDTA was used for the eliminati-
on of the medicament from each prepared section.

Microhardness testing

A Vickers Microhardness Tester (MCS Mechatronic) was
used to measure the microhardness of each tooth specimen.
Three indentations were created on the polished surface of
each specimen with the help of a 50-g load held straight to
the polished side for 15 s. The indentations were made 500
Im from the pulp dentin interface. The optical microscope
was used to observe indentations created. The mean of the
values obtained for the three indentations was representative
for each specimen at each depth.

Fracture resistance testing

The Universal testing machine (MCS Mechatronic) was
used for assessment on each 5-mm root section. The low-
er platform was used to place the specimen vertically with
the coronal side facing upwards. A cylindrical loading fixture
with a radius = 1.9 mm was fixed to the upper crosshead until
the spherical tip touched the root specimen. A loading force
at a cross head speed of 0.5 mm per minute was applied un-
til the root cylinder fractured and was expressed in newtons.

Results

Comparisons of three groups with micro-hardness and
fracture resistance at different time points are respectively
shown in Figure 1 and Figure 2. Data analysis with Tukey’s
multiple posthoc for hardness and fracture resistance is
shown in Table 1 and Table 2.

110,56

61,07 60,00 58,89 57,08

39,10
31,09

3 months

Imonth

1 week

\ OCalcium hydroxide @Tap OLedermix \

Figure 1 Comparison of three groups with micro hardness at
different time points

Usporedba tri skupine s mikrotvrdoc¢om u razlicitim
vremenskim tockama

Slika 1.

Intrakanalni lijekovi

mm apikalno od caklinsko-cementnog spojista. Segment bez
krune horizontalno je prerezan da bi se dobila dva radikular-
na dentinska diska. Procjena otpornosti na lom provedena je
na petmilimetarskim presjecima cervikalno od caklinsko-ce-
mentnog spojista, a procjena mikrotvrdoce na trimilimetar-
skim presjecima sredine korijena. Za ispiranje lijekova kori-
steno je 5 mL natrijeva hipoklorita u kombinaciji s njeznim,
manualnim pomicanjem instrumenta ProTaper F3, a na kra-
ju je sve isprano s 5 mL EDTA-e.

Ispitivanje mikrotvrdoce

Za mjerenje mikrotvrdoce svakog uzorka koristen je ure-
daj Vickers Microhardness (MCS Mechatronics). Ucinjene
su tri indentacije na poliranoj povisini svakog uzorka s po-
mocu utega tezine 50 grama pritisnutog 15 sckunda na po-
liranu povrsinu. Indentacije su napravljene 500 Im od spo-
ja pulpe i dentina. Pregledane su opti¢kim mikroskopom, a
srednja vrijednost svih triju koristena je kao reprezentativna
mjera za svaki uzorak na svakoj dubini.

Ispitivanje otpornosti na lom

Za procjenu otpornosti na svakom presjeku koristen je
uredaj Universal Testing Machine (MCS Mechatronics). Na
donju platformu uzorak je postavljen okomito, s koronalnim
dijelom prema gore. Cilindri¢ni vijak promjera 1,9 mm po-
stavljen je na gornju kriznu glavu tako da njegov vrh dodiru-
je uzorak korijena. Primijenjena sila od 0,5 mm u minuti sve
dok korijen nije puknuo izrazena je u njutnima (N).

Rezultati

Usporedba triju skupina s mikrotvrdo¢om i otpornost na
lom u razli¢itim vremenskim odsjec¢cima prikazani su na sli-
kama 1 i 2. Analiza podataka Tukeyjevom multiplom post-
hoc analizom za mikrotvrdo¢u i otpornost na lom nalazi se u
tablicama 1 i 2.
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Figure 2 Comparison of three groups with fracture resistance at
different time points

Slika 2. Usporedba tri skupine s otporom na lom u razli¢itim
vremenskim tockama
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Table 1  Pair wise comparison of three groups with micro hardness at different time points by Tukey’s multiple posthoc procedures
Tablica 1. Usporedba tri skupine s mikrotvrdo¢om u razli¢itim vremenskim to¢kama Tukeyjevim visestrukim postupcima
Times Groups vs Groups Di%eertzce Std. Error p-value

Calcium hydroxide vs Tap -22.99 5.44 0.0001**

1 week Calcium hydroxide vs Ledermix -60.83 5.44 0.0001**
Tap vs Ledermix -37.84 5.44 0.0001**
Calcium hydroxide vs Tap -21.97 231 0.0001**

1 month Calcium hydroxide vs Ledermix -20.90 2.31 0.0001**
Tap vs Ledermix 1.08 231 0.8880
Calcium hydroxide vs Tap -27.80 232 0.0001**

3 months Calcium hydroxide vs Ledermix -25.99 2.32 0.0001**
Tap vs Ledermix 1.81 232 0.7180

*p<0.01

Table2  Pair wise comparison of three groups with fracture resistance at different time points by Tukey’s multiple posthoc procedures

Tablica 2. Usporedba tri skupine s otpornos¢u na prijelom u razli¢itim vremenskim to¢kama Tukeyjevim videstrukim postupcima

Times Groups vs Groups Dili}ﬁ't?lce Std. Error p-value

Calcium hydroxide vs Tap -15.80 5.78 0.0220*

1 week Calcium hydroxide vs Ledermix -22.70 5.78 0.0010**
Tap vs Ledermix -6.90 5.78 0.4610
Calcium hydroxide vs Tap -17.60 5.81 0.0100*

Imonth Calcium hydroxide vs Ledermix -26.65 5.81 0.0001**
Tap vs Ledermix -9.05 5.81 0.2720
Calcium hydroxide vs Tap -13.20 5.85 0.0700

3 months Calcium hydroxide vs Ledermix -27.70 5.85 0.0001**
Tap vs Ledermix -14.50 5.85 0.0420*

*p<0.05’, **p<0.01

Statistical analysis

The ANOVA test revealed a significant difference in three
groups with microhardness and fracture resistance at differ-
ent time points by one-way ANOVA between all the three
groups i.c., Group I (Calcium hydroxide), Group II (Tri-
ple Antibiotic Paste) and Group III (Ledermix). The lowest
scores for microhardness were shown by Group I (Calcium
hydroxide) (49.73+5.25 %), (39.10£3.37 %), (31.09+1.18
%) at 1 week, 1 month and 3 months, respectively. The low-
est scores for fracture resistance were shown by Group I (Cal-
cium hydroxide) (737.05£14.92 %), (725.40+15.74%),
(711.35£15.84 %) at 1 week, 1 month and 3 months, re-
spectively. This was significantly different from the other two
groups. Group II (Triple Antibiotic Paste) showed the scores
for microhardness of (72.72 + 7.93 %), (61.07 + 5.42 %),
(58.89 + 6.85 %), and the fracture resistance scores were
(752.85 £ 16.76%), (743.00 = 16.54 %), (724.55 = 16.28%)
at 1 week, Imonth and 3 months respectively. Group III (Le-
dermix) had scores for microhardness of (110.56 + 28.25 %),
(60.00 £ 10.95 %), (57.08 + 10.64 %), and the fracture re-
sistance scores were (759.75 +22.30%), (752.05 + 22.18 %),
(739.05 £ 22.59 %) at 1 week, 1month and 3 months respec-
tively. The same values are shown in Figures 1 and 2.

The pairwise comparison of the three experimental groups
is described in detail in Table 1 and 2, and a significant dif-
ference was found between the Calcium hydroxide (Group
I), Triple Antibiotic Paste (Group II), Ledermix (Group III)on
the radicular dentin microhardness and fracture resistance.

Statisti¢ka analiza

ANOVA je pokazala znacajnu razliku izmedu triju sku-
pina kad je rije¢ o odnosima mikrotvrdoce i otpornosti na
lom u razli¢itim vremenskim odsje¢cima. Najnize vrijednosti
za mikrotvrdocu zabiljezene su u skupini 1 (kalcijev hidrok-
sid) (tjedan dana — 49,73 + 5,25 %), (mjesec dana — 39,10
3,7 %), (3 mjeseca — 31,09 + 1,18 %). Najnize vrijednosti
otpornosti na lom dobivene su u takoder skupni 1 (kalcijev
hidroksid) tjedan dana — 73705 + 14,92 %, mjesec dana —
725,40 + 15,74 % i 3 mjeseca — 711,35 + 15,84 %. Te su vri-
jednosti bile znacajno razli¢ite od onih u ostalim dvjema sku-
pinama. Za skupinu 2 (TAP) dobivena je mala je vrijednost
za mikrotvrdo¢u — 72,72 + 7,93 %, 61,07 + 5,42 %, 58,89 +
6,85 %, a za otpornost na lom vrijednosti su 752,85 + 16,76
%, 743,00 £ 16,54 %, 724,55 + 16,28 %. Skupina 3 (Leder-
mix) imala je vrijednosti za mikrotvrdo¢u 110,56 + 28,25 %,
60,00 + 10,95 % i 57,08 + 10,64 %, a za otpornost na lom
759,75 + 22,30%, 752,05 + 22,18 %, 739,05 + 22,59 %.
Vrijednosti vidi na slikama 11 2.

Usporedba parova triju ispitanih skupina detaljno je pri-
kazana na tablicama 1 i 2. Znacajna razlika uocena je izmedu
kalcijeva hidroksida, TAP-a i Ledermixa i kad je rije¢ o mi-
krotvrdo¢i radikularnog dentina i o otpornosti na lom.
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Discussion

Due to the complexity of the root canal system, biome-
chanical preparation by itself is incompetent in complete-
ly eradicating microorganisms. Recent research has revealed
that the bacteria present in instrumented canals prior to com-
pletion of treatment can increase in number and reach their
pretreatment count in about 2-4 days (35). Amongst the per-
sistent bacteria within the root canal E. faecalis is the most
resilient microorganism that causes persistent periapical le-
sions. In these cases, the use of intracanal medicaments is
encouraged (36). The application time of intracanal medi-
caments varies depending upon its clinical use which may
range from 1 to 4 weeks for decontamination of the root ca-
nal and even extend up to 11 weeks in cases of endodontic
regeneration.

It has been affirmed that microhardness assessment gives
an indirect substantiation of the mineral loss or gain in min-
eralized dental tissues as it is dependent upon the amount of
calcified matrix per square millimeter (37). Arends and Bosch
stated that microhardness testing is the most practical meth-
od of indirect quantitative analysis by accessing the amount
of demineralization of dental hard tissues. Microhardness test
provides an insight about the dentinal interaction with differ-
ent medicaments (36).

Dentin may differ significantly between teeth and is as-
sociated with considerable number of variations. The tubular
density of dentin has found to increase from cervical to apical
areas of radicular dentin, which results in an inverse correla-
tion amongst radicular dentinal microhardness and radicular
tubular density. This may cause alterations in the results due
to the variances in adjacent areas of the dentinal tissue (38).
Hence, in the present study, the microhardness measurement
was performed in the middle-third of the root structure for
each sample.

Vickers microhardness testing was chosen since it is less
affected by measurement errors. Despite small sized samples
and surface conditions the specimens can be evaluated with
good accuracy (36). There have been cumulative reports of
demineralization, associated surface weakening and deterio-
ration in the mechanical properties of radicular dentin which
eventually led to microcracks and development of vertical
root fracture following long term placement of intracanal me-
dicaments (39).The assessment of the mechanical properties
of radicular dentin can be done by fracture resistance stud-
ies as it relates to the amount of demineralization. Hence, the
fracture resistance evaluation was chosen as the second pa-
rameter to be tested in this study. In this study, the force was
generated at an angle of 0 o, which results in the develop-
ment of a splitting stress over the tooth specimen. The stresses
induced would be minimal because of less bending moments
(40). In numerous clinical studies the immature permanent
teeth treated by endodontic regeneration have shown an in-
crease in the radicular dentinal wall thickness limited mainly
to the middle and the apical third rather than the cervical re-
gion, thus weakening this region with an increased incidence
of fracture; therefore, the cervical third of the root was cho-
sen for fracture resistance test (29, 41).

Intrakanalni lijekovi

Rasprava

Zbog kompleksnosti sustava korijenskog kanala, samo bi-
omehanicka preparacija nije dovoljna za potpunu eliminaciju
mikroorganizama. Istrazivanja su pokazala da broj bakterija u
instrumentiranim kanalima prije zavretka terapije moze po-
rasti do predterapijske razine za dva do ¢etiri dana (35). En-
terococcus faecalis istice se kao najperzistentnija bakterija koja
najcesée uzrokuje perzistirajuée periapikalne lezije. U tom se
slucaju preporucuju intrakanalni lijekovi (36). Vrijeme pri-
mjene takvih ulozaka razlikuje se ovisno o klini¢koj upotrebi,
uglavnom u rasponu od jednoga do Cetiri tjedna za dekonta-
minaciju korijenskog kanala, pa ¢ak do 11 tjedana u slucaju
endodontske regeneracije.

Potvrdeno je da procjena mikrotvrdoée daje indirektnu
informaciju o gubitku ili dobitku minerala u mineraliziranom
dentalnom tkivu, zato $to je ono ovisno o koli¢ini kalcificira-
nog matriksa po ¢etvornom milimetru (37). Arends i Bosch
ustanovili su da je ispitivanje mikrotvrdoce najprakti¢nija in-
direktna kvantitativna metoda za procjenu koli¢ine demine-
ralizacije tvrdih dentalnih tkiva. Ispitivanje mikrotvrdoée da-
je uvid u dentinsku interakeiju s razlicitim lijekovima (36).

Dentin se prema sastavu moze razlikovati od zuba do zu-
ba, a i povezan je s nizom varijacija. Gusto¢a tubula den-
tina povecava se od cervikalnoga prema apikalnome dijelu
radikularnog dentina, $to za posljedicu ima obrnutu korelaci-
ju izmedu dentinske mikrotvrdoce i gustoée tubula. To mo-
ze rezultirati razlikama u rezultatima zbog varijacija u okol-
nom dentinskom tkivu (38). U ovom istrazivanju mjerenje
mikrotvrdoée provedeno je u srednjem dijelu korijena sva-
kog uzorka.

Odabrano je mjerenje mikrotvrdoée prema Vickersu zato
$to na njega manje utjecu pogreske pri mjerenju te se unato¢
sitnim uzorcima i stanju povrsine uzorke moze dosta dobro
precizno procijeniti (36). Kumulativni opisi demineralizaci-
je, oste¢enja povrsine i gubitak mehanickih svojstava radiku-
larnog dentina s viemenom mogu prouzrociti mikropukotine
i okomite frakture korijena nakon dugotrajne primjene in-
trakanalnih lijekova (39). Procjena mehanickih svojstava ra-
dikularnog dentina moze se dobiti i istrazivanjem otporno-
sti na lom zato $to je povezana s demineralizacijom. Stoga je
kao druga metoda odabrano ispitivanje otpornosti na lom.
Sila je u ovom istrazivanju djelovala pod kutom od nula stup-
njeva, $to rezultira stresom i pucanjem uzorka zuba. Izazvani
stresovi minimalni su zbog toga $to izostaje savijanje (40). U
mnogobrojnim klini¢ckim istrazivanjima nezrelih trajnih zuba
lije¢enih endodontskom regeneracijom istaknuto je da se po-
vecala debljina radikularnog dentina samo u srednjem i api-
kalnom dijelu korijena pa je cervikalni dio podrucje s po-
ve¢anom incidencijom lomova. Upravo zato je za ispitivanje
otpornosti na lom odabrana cervikalna treina korijena (29).

Budu¢i da nikal-titanijevi instrumenti iz seta Protaper
pokrivaju cijeli raspon lije¢enja s manjim brojem instrume-
nata, $to ukljucuje ve¢u fleksibilnost, nenadmasnu uéinko-
vitost i povecanu sigurnost, oni se u preparaciji korijenskih
kanala koriste ¢es¢e nego celi¢ni (54). Kako bi bili standardi-
zirani, svaki je korijenski kanal prepariran Protaperom veli¢i-
ne F3, $to odgovara veli¢ini iglice br. 30.
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As NiTi Protaper instruments are intended to cover the
entire range of treatment with fewer files which integrate
greater flexibility, unparalleled efficacy and enhanced safety.
They have been used over stainless steel instruments in order
to prepare the root canals. For the standardization of the root
canal, each root was prepared up to Protaper size F3, which
corresponds to ISO #no. 30.

Manual agitation was done carefully in an attempt not to
abrade the radicular dentin since it has been advocated that
the persistence of endodontic intracanal medicament resi-
dues interact with the smear layer during instrumentation of
the root canal (42, 43).

Hoshino et al. (10) recommended the usage of TAP
(3Mix) — in a ratio 1:1:1. - Ciprofloxacin 200mg, Metroni-
dazole 500mg, Minocycline 100mg. Ciprofloxacin and Mi-
nocycline have found to have minimal inhibitory concentra-
tion of 5 and 20 pg against E. feacalis and Metronidazole was
stated to have no inhibitory effects (57). However, as a com-
bination (100pg each /ml) they have proven to inhibit entire-
ly the growth of every strain (58). In regenerative endodon-
tics, increased concentrations of TAP cause cytotoxic effects
on the stem cells of dental pulp and apical papilla. Therefore,
decreased concentration in a range of 0.1 mg/mL to 2 mg/
mL has been recommended.

The lowest scores for microhardness and fracture resis-
tance were shown by Group I Calcium hydroxide at 1 week,
1 month and 3 months, respectively. The present result could
be explained by the alkaline pH of calcium hydroxide and its
low molecular weight which denatures the collagenous ma-
trix (44). The results of the present study are consistent with
arecently performed study by Yassen et al. which showed that
Ca (OH), produced substantial collagen degradation of su-
perficially present root canal dentine after a short duration of
1-week (45) . It is well understood that the collagen constitu-
ent is accountable for the toughness of the mineralized hard
tissues, hence any defect produced compromises the mechan-
ical properties making it more susceptible to fracture, which
has been seen in this study after 3 months. Long term appli-
cation of Ca (OH) , also enhances crack propagation (44).
Increased susceptibility to fracture was seen in this study’s
3-month fracture resistance data. Group II (Triple Antibiot-
ic Paste) showed the scores for microhardness of (72.72+7.93
%), (61.07+5.42 %), (58.89+6.85 %), and the fracture re-
sistance scores were (752.85+16.76 %), (743.00+16.54 %),
(724.55+16.28 %) at 1 week, Imonth and 3 months respec-
tively. This may be credited to various acids commonly mixed
with antibiotics to preserve their chemical steadiness and to
regulate their tonicity. The results of the present study totally
reject the null hypothesis.

Minocycline causes chelation of calcium, which in turn
contributes to demineralization (44, 45). Studies show that
increased concentration of TAP is directly proportional to the
surface roughness (46). This also causes reduction in the in-
organic content and loss of dentin, which decreases the wet-
tability of dentin surfaces (47). The results obtained in the
present research are in line with studies conducted by Yassen
et el (2013) and Kinney et al. (2003) that demonstrated that
1 g/mL TAP caused severe reduction in microhardness and
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Manualna agitacija provedena je njezno kako se ne bi do-
godila abrazija radikularnog dentina, zato $to je poznato da
zadrzavanje intrakanalnog lijeka utjece na zaostatni sloj tije-
kom instrumentacije (43). Hoshino i suradnici preporucili
su koriStenje TAP-a (3Mix) u omjeru 1 : 1 : 1 (ciprofloksa-
cin 200 mg, metronidazol 500 mg, minociklin 100 mg). Ci-
profloksacin i minociklin imaju minimalnu inhibitornu kon-
centraciju za E. faecalis od 5 do 20 pg, a metronidazol nema
nikakvo inhibitorno djelovanje na tu bakteriju (57). No po-
kazalo se da kombinacija (100 pg svakog antibiotika/mL) in-
hibira rast svih vrsta mikroorganizama (58). U regenerativnoj
endodonciji pove¢ana koncentracija TAP-a potice citotoksi¢-
ne u¢inke na mati¢nim stanicama pulpe i apikalne papile. Za-
to se preporucuje smanjena koncentracija u rasponu od 0,1
mg/mL do 0,2 mg/mL.

Najnize vrijednosti mikrotvrdoce i otpornosti na lom za-
biljezene su u skupini 1 (kalcijev hidroksid) nakon jednoga
tjedna, mjesec dana i tri mjeseca. Ti rezultati mozda su prou-
zroceni alkalnim pH kalcijeva hidroksida i njegovom niskom
molekularnom masom koja denaturira kolageni matriks (44).
Rezultati naseg istrazivanja u skladu su s nedavno objavlje-
nim radom Yassena i suradnika u kojem se isti¢e da Ca(OH),
izaziva znacajnu degradaciju kolagena povrsinskog dentina u
korijenskom kanalu nakon samo tjedan dana (45). Jasno je
da je kolagen odgovoran za ¢vrstoéu mineraliziranoga tkiva
pa svaki njegov defekt kompromitira mehanicka svojstva tki-
va koje postaje osjetljivo na frakture, ba$ kao $to smo i mi po-
tvrdili nakon tri mjeseca. Dugotrajna primjena kalcijeva hi-
droksida potice Sirenje pukotina (44). Povecana osjetljivost
na lom uocena je u nasem istrazivanju na uzorcima nakon tri
mjeseca. U skupini 2 (TAP) zabiljezena je vrijednosti za mi-
krotvrdoéu 72,72 + 7,93 %, 61,07 + 5,42 % i 58,89 + 6,85
%, a za otpornost na lom 752,85 + 16,76 %, 743,00 + 16,54
% i 724,5 + 16,28 % nakon tjedan dana, mjesec dana i tri
mjeseca. To se moze pripisati razlicitim kiselinama koje se do-
daju antibioticima da bi se sacuvala njihova kemijska aktiv-
nost te kontrolirao tonicitet. Rezultati dobiveni u ovom istra-
zivanju u cijelosti odbacuju nultu hipotezu.

Minociklin uzrokuje kelaciju kalcija, $to pogoduje demi-
neralizaciji (44). Istrazivanja pokazuju da je pove¢ana kon-
centracija TAP-a izravno proporcionalna hrapavosti povrsine
(46). To takoder smanjuje anorganski sadrzaj i gubitak den-
tina, $to smanjuje moguénost njegova vlazenja (47). Rezulta-
ti nadeg istrazivanja u skladu su s onima koje su objavili Ya-
ssen i suradnici te Kinney i suradnici koji su naveli da 1 g/mL
TAP-a znadajno reducira mikrotvrdo¢u i otpornost na lom
radikularnog dentina nakon tjedan i mjesec dana. TAP po-
ve¢ava udio organskog sadrzaja (29, 48). Razlog za promjene
u kemijskim svojstvima radikularnog dentina nakon upotre-
be TAP-a jest kiselost (pH = 2,9) pa zbog toga nastaje povr-
sinska demineralizacija (29). TAP manje negativno djeluje na
kemijsku strukturu radikularnog dentina od CH-a, $to smo i
mi potvrdili u ovom istrazivanju. Vrijeme je vazan ¢imbenik,
jer je dulja izloZenost izravno proporcionalna s demineraliza-
cijom (26). Rezultati koje su objavili Madhusudhana i surad-
nici u skladu su s nasim istrazivanjem (40).

Na uzorcima izlozenima Ledermixu zabiljezena je manja
redukeija mikrotvrdoce i otpornosti na lom radikularnog de-
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fracture resistance of the radicular dentin at time intervals
of 1 week and 1 month. TAP increases the organic content
(29, 48). The reason attributed to the change in the chemical
properties of radicular dentin following the use of TAP is due
to its acidic ability (pH = 2.9) and associated surface demin-
eralization (29). TAP has a less negative effect on the chemi-
cal structure of radicular dentin compared to CH which was
also found in the present study. Time period being an im-
portant factor, the increased exposure time is directly pro-
portional to demineralization (26). The results obtained by
Madhusudhana K et al. are consistent with the results of the
present study (40).

The samples exposed to Ledermix intracanal medicament
showed less reduction in the radicular dentin microhardness
and fracture resistance. This could be attributed to its low-
er pH (8.76) compared to the Ca (OH), intracanal medica-
ment (65). It has been proposed that a higher alkaline pH
may cause denaturation of the organic matrix or result in the
collapse of the dentine inorganic matrix. Studies have found
that the denaturing of organic matrix is promoted by high
pH (49). There is encapsulation of the organic matrix by the
inorganic hydroxyapatite, and the penetration of the intraca-
nal medicament requires greater time (e.g., 4 weeks in some
studies), thus making the dentinal structure more brittle with
an increased susceptibility to fracture.

Further in vivo studies are needed in order to apply the
results obtained from the present study in clinical setting,
There is insufficient evidence to current protocols followed in
regenerative endodontics. This has been proposed based up-
on research and previous case reports. The area of regenera-
tive endodontics is still in its budding stage where we need
evidence-based data to determine the best treatment time,
the best medicament(s), and the best concentration without
compromising the physical properties of the tooth.

Conclusions

Within the parameters of this iz vitro study, the null hy-
pothesis has been rejected and the following conclusions can
be drawn: The results of the present study suggest avoiding
long term use of intracanal medicaments which are general-
ly used in regenerative endodontics to obtain a sterile envi-
ronment to promote growth. The three-month application of
Ca (OH), TAP and Ledermix intracanal medicaments sig-
nificantly decreased the fracture resistance and microhardness
of radicular dentin compared to the 1-week application. A
prolonged exposure of intracanal medicaments has adverse
effects on chemical and mechanical properties of root canal
dentin.

Limitations:_Further research is needed in order to opti-
mize the time of application in various long term endodon-
tic procedures and to investigate the demineralization effect

of TAP and Ledermix.
Informed Consent Statement

Informed consent was obtained from all subjects involved
in the study
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nina. To bi se moglo pripisati njegovu nizem pH (8,76) u us-
poredbi s kalcijevim hidroksidom. Sumnjalo se da visi, alkal-
ni pH moze potaknuti denaturaciju organskoga matriksa ili
kolaps anorganskoga matriksa dentina. Istrazivanja su poka-
zala da denaturaciju organskoga matriksa uzrokuje visoki pH
(49). Dogada se enkapsulacija organskoga matriksa anorgan-
skim hidroksiapatitom, a za prodor lijeka u kanal treba vise
vremena (npr. 4 tjedna u nekim istrazivanjima), nakon ¢ega
dentinska struktura postaje krhkija i sklona pucanju.
Buduca istrazivanja in vivo trebala bi ispitivati rezultate
naeg istrazivanja u klinickom okruzju. Nema dovoljno do-
kaza za trenutacne protokole koji se primjenjuju u regenera-
tivnoj endodonciji, a oni su predlozeni na temelju istrazivanja
i ranijih uspjesnih slucajeva. Podrudje regenerativne endo-
doncije jos uvijek je u razvojnoj fazi pa su nam potrebni po-
datci potkrijepljeni dokazima kako bismo odredili najbolju
terapiju, najucinkovitije lijekove i njihovu najvisu mogucu
koncentraciju, bez kompromitiranja fizickih svojstava zuba.

Zaklju¢ak

Unutar ogranicenja ovoga istrazivanja in vivo opovrgnuta
je nulta hipoteza te je bilo moguée zakljuciti sljedece: rezul-
tati ovog istrazivanja pokazuju da treba izbjegavati dugotraj-
nu upotrebu intrakanalnih medikamenata uopée u regene-
rativnoj endodonciji u svrhu postizanja sterilnog okolisa u
kojemu moze do¢i do rasta. Tromjese¢na primjena kalcijeva
hidroksida, TAP-a i Ledermixa u kanalu znacajno je smanji-
la otpornost na lom i mikrotvrdoc¢u radikularnog dentina u
usporedbi s primjenom od tjedan dana. Produljena primjena
intrakanalnih lijekova nepovoljno utje¢e na mehanicka svoj-
stva dentina korijenskog kanala.

Ogranicenja: potrebna su daljnja istrazivanja optimizaci-
je vremena primjene u razli¢itim dugotrajnim endodontskim
postupcima te je potrebno ispitati demineralizacijski u¢inak

TAP-a i Ledermixa.

Informirani pristanak

Informirani pristanak dobiven je od svih ispitanika.
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Sazetak

Cilj rada: Zeljelo se procijeniti kako dugotrajna upotreba triju intrakanalnh lijekova utje¢e na mikro-

Intracanal Medicaments .
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tvrdocu i otpornost na lom radikularnog dentina. Materijal i metode: Kemomehanicka preparacija

obavljena Protaperovim rotirajuc¢im instrumentima do F3. Zubi su zatim stavljeni u inkubator i ¢uvani
na temperaturi od 37 °C u 100 posto vlaznom okruzju te su slu¢ajnim odabirom podijeljeni u tri sku-
pine: trostruka antibioticka pasta (TAP), pasta od kalcijeva hidroksida (Apexcal), Ledermix. Nakon
primjene lijekova svi su ulazni otvori zabrtvljeni 4 mm debelim slojem Cavita. Uzorci su zatim uskla-
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disteni tjedan dana, mjesec dana i tri mjeseca. Od svakog uzorka uzeta su po dva dentinska cilindra kirurgiju
debljine 3 i 5 mm. Za otpornost na lom koristena je cervikalna trec¢ina, a za procjenu mikrotvrdoce Rim 00185
srednja trecina. Mikrotvrdoca je ispitana testerom Knoop Microhardness, a otpornost na lom univer- Italija

zalnim ispitnim uredajem. Rezultati: Kalcijev hidroksid najsnaznije je negativno djelovao na fizicka

ale.zanza@gmail.com

svojstva radikularnog dentina u usporedbi s TAP-om (p = 0,0100 nakon mjesec dana) i Ledermixom

(p = 0,0001 nakon mjesec dana). Kako se povecavalo razdoblje djelovanja, tako su se pogor3avala
fizicka obiljezja radikularnog dentina. Zaklju¢ak: Dugotrajno koristenje kalcijeva hidroksida, TAP-a i
Ledermixa (p = 0,0001 nakon 3 mjeseca) znatno utjece na mikrotvrdocu i otpornost na lom radiku-

larnog dentina.
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