In The Name Of the Most Merciful God

He is God, the Creator, the Evolver, the Fashioner, to him
belong the most beautiful names, the Glorious, the Knowing,
the Loving-Kind

A




Shiraz University of Medical Sciences

School of Dental Medicine

Thesis for attaining

Master degree in Endodontics

Cellular behavior and Scanning Electron Microscope
Evaluation of Pro-root MTA, Root MTA and Modzf ed M TA
on F lbroblast L£929

Advisor:

Dr.Fariborz Moazami

Assistant Professor of Endodontology

Consultant:
Dr.Mazyar Zivaeyan

Assistant Professor of Microbiology K

Bv:

Dr.Samira Shahsiah

\ e Yd Q Yq July 2006

T o T So——




I would like to express an especially well-deserved thanks to my
professor Pr. Fariborz Meazami for his great honesty, guidance and

assistance in the preparation of this thesis.

With very special thanks to my professor Dr. Mazyar Ziayean for his

great honesty patience and assistance he made on perfoming the thesis.




I would like to devote my special thanks to my respectful professor

Dr.Akbar Khayat for his really great responsibility , honesty , training

and patience devoted to me.

With special thanks to all of the responsible professors of endodontic

ward for their gre:t patience and training they tought to me.




In memoary of my kind father and mother, the most valuble teachers of
my life , who made me find the path of my life by their honesty, sacrifice

and love dedicated to me.

Dedieated to:

My dear respec‘sﬁzll husband , Dr. cyrus Nazershahi who devoted his

life , honesty , love and joy to me to make my education possible.




My dear sister, for her lots of kind patiece and love gave to me in the

whole of my life.

To my brother and sister and their family for their joy and friednship

gave to me.

To my dear friend: for lots of love we have made with each other.




wli ol b3
Olsie b STl gt Gdy a0 apbed pavedT 4l LG

Cellular behavior and Scanning Electron Microscope
Evaluation of Pro-root MTA, Root MTA and Modified
MTA on fibroblast 1L.929.

%Jddéwlt:a &Judaal‘e&uamtwﬁduh)@;%
285 Hh3 anbs

e :ujmzé pAas alieut G4

Y




Table of contents

Amalgam

Intermediate Restorative Material (IRM).....co.covvevrviervenninreienennenees .

Mineral Trioxide Hggregate..................... eemeeteeneenaeeeeananaes ceeeeeans 11
RoOt —-MTA. .o ceeeeeneeeennes cetreeteereeeerea e aee creveenennee 13
Methods of cytotoxicity evaluation of dental materials .................. 16
Cytotoxic evaluation.....cccoeccvvrcveeeeenns rveenaeen eeereenreens R eeeeees 16
Subcutaneous Implant .........cceceevevniviiecinniciiinncnnececeeeee 18
Osseous Implant .................... e ceeeeeeneeneneas

Invivo tissue tolerance reactions ........c..... teeeerenrearennns teeevnnaaes

Introduction.
Sources and Mode of action and structive.......... teeeeemmeaeeenaaana e 20

Uses and administration.......... reeeraren eeerevn——— rereeereeas teeeerenn UUURIRROOI |

Uses in Dentistry...ooeocveeveeeccccreennns rvereeens ereeanaees rrrereseennrereeeesannes 22




Chapter 5: Materials and Method’sf :

Cell culturing probedu:res ........................... ...... 28
Experimental group preparation ..........eeeeeereeeeerereeereeseeseseeresersneseenns 31
GIOUDP 1 oottt st 31
GIOUP 2 .ottt ettt st e et enee 32
GIOUD 3 ettt s aesn et sss s s bt e sme e 32
SEM eValUatiOn. ...c.couiciierrenirreeneenierieneseeestes e e seeesecssssesesnsss s snesesnees 34
Cell VIADIIILY ..ottt 34

Chapter 6: Results, = -~ .

Cell viability SVARIBHOD ..o 4]
First COunting Period......ccveeeveeererereeeeeeieie et eeee e eeneneneens 41
Second counting Period ......cueweurerereeeuiceeeeeeeecresee oo 42
Third counting Period.......coeeurereesieeereeeereeeeeeie et s e eeeens 42
SEM €ValUation.......ccceuevireeirienteisteetcetece ettt ees s 43
First evaluation featire .......ocoeoeeeeeeeeiiereeeeeececeeeeee e 43
Second evaluation featire.......coceiiceeeeeinincee et 44
Third evaluation fEature ...........ccceeueeeeveeereeeieeiieeee s eee e eees e 44
Chapter 7: DISCUSSION vt 53
Referénc;es ....... ..... | ....... .......... | 63







Introduction

In contemporary dentistry, root canal treatment is considered
to be one of the most successful treatments. Different investigators
have reported variety of success rates for root canal treatment. -
Morse et alat temple university reported 95.2% success rate at the
end of 1 year follow up by gutta-percha euchapercha method(1).
Sjogren et al, reported 8-10 years after first root canal treatment,
96% success rate following root canal treatment for teeth with
vital pulp, 86% for teeth with necrotic pulps and periradicular
lesions prior to treatment. To recap, Nearly 95% of all
endgdonticaﬂy treatment teeth are successful(2).

Even though the success rate of non-surgical treatment is
high, failures do occur. In recent years, there has been an
increasing interest among practitioners in endodontic retreatment
procedures on the cases of failure, mean while , the success rate of
this treatment protocol is as low as 62% to as high as 98% which
insist on the indications for surgical interventions (3).

Periradicular surgery is the treatment of choice when non-
surgical retreatment is failed or existing restorative or prosthetic

treatment is to be endangered by orthograde re-treatment (3).




Endodontic  surgery encompasses surgical procedures
performed to remove the causative agents for periradicular
pathosis and to restére the pertodontium to a state of biologic and
functional health. One of the most arguing issues among the
periradicular surgery is retrofilling materials. The main objective
for an apical retrofilling is to provide an apical seal that prevents
the movement of bacteria and their products form the root canal
system into the periradicular tissues (3,4).Various root—end filling
materials have been introduced such as Gutta-percha, cavit,
Intermediate Restorative Material (IRM), super—EBA,Glass
Tonomer, Cemﬁ;esite resin and mineral trioxide aggregate (MTA)
(3); Root—End filling materials which are designed to stimulate
soft and hard tissue repair in the periradicular tissue are highly
recommended. (5)

In recent years, MTA has been identified as the best material
of choice, due to its good properties. Many investigations indicated
exellent properties such as the least cytotoxicity, biocompatibility,
being hydrophilic and radiopacity that will be discussed in details
later. These advantages have made it the best choice for
retrofilling except some of its disadvantages such as its difficult

handling and prolonged setting time (6). An interesting




phenomenon happens on the surface of MTA is deposition of new
cementum and formation of hard tissue (3,6,7) which is so
beneficial for healing of periradicular tissues. This material has
been marketed as Pro-root MTA by Denstply company.

Recently a material similar to Pro-root MTA was developed
by Dr. Lotfi at Tabriz, named Root- MTA which was claimed to
have the exact properties of original MTA(8). Different studies
investigated the tissue response to its subcutaneous implantation
(9,10,11,12) and its ability to prevent leakage at different time
periods from 48 hours to 1 month and all reported an acceptable
results for Root-MTA compared with Pro-root MTA(8,13,14); but
there is no cell culture study, evaluating the amount of its cell
cytotoxicity and its potency in producing a good environment for
cell coverage and further bone formation.

Additionally, we assume that hard tissue formation of MTA
can be enhanced at the presence of an osteoinductabe matérial |
such as calcitonin which is a polypeptidic hormo,né secreted by
thyroidal préfallicular cell (C-cells) and induce its effect on bone

due to inhibition of resorptive osteoclast activity, which is a good

benefit in bone healing process(15,16).




Overall, because of the importance of hard tissue formation
and bone healing during endodontic procedures and apical surgery
in particular , any modification that can enhance and promote the
induction ability of MTA and accelerate this senario , should be
investigated.

In conclusion , the goals of this study are:

1) To investigate the fibroblast coverage of Root-MTA
in comparison to Pro-root MTA at three different time periods-

2) ‘To investigate the effect of calcitonin as an
osteoinductable material when added to Pro-root MTA at the

same time periods.







As mentioned in previous chapter, the main objective for an

apical retrofilling is to provide an apical seal that prevents the

movement of bacteria and their products from the root canal

system into the periradicular tissues(3,4).

Ideal properties of root-end filling materials have been

reviewed by Dr. LI Grossman as well as Gartner Dorne as

follows(6,7):

1)
2)
3)
4)
5)
6)
7)
8)
9

Should be well tolerated by periapical tissues.
Should adhear (ideally bond) the tooth structure.
Should be dimensionally stable.

Should be resistant to dissolution.

Should promote cementogenesis.

Should be bactericidal or bacteriostatic.

Should be non-corrosive.

Should be electrochemically inactive.

Should not stain tooth or periradicular tissues.

10) Should be readily available and ready to handle.

11) Should allow adequate working time then set quickly.

12) Should be radiopaque.




With time passes , varions materials have been used as root
end filling material such as cavit, Gutta percha, amalgam , IRM ,
super- EBA, Glass ionomer and MTA (3). Some of the more

popular materials will be discussed in detial in this chapter.

Amalgam:

Zinc-free amalgam has traditionally been the retrofilling
material of choic. A more plausible argument for the use of zinc-
free amalgam is the lack of expansion found when contaminates
with moisture(18). Like other materials, vérieus studies have been
done on amalgam specially because of its common usage
before MTA marketing. Investigations which compared its
sealing ability with other materials, showed superior ab_ili{y of
MTA (19,20,21,22),IRM(21,22),Super-EBA(19,21)to amalgam;
on the other hard, Fogel et al found there was no difference on
leakage amount between amalgam and IRM(23). Cytotm;iciﬁf
evaluating studies showed its more cytotoxicity than IRM and
super-EBA on osteoblast and periodontal cells(24), while
Torabinejad found fresh and set MTA to be less cytotoxic than
amalgam and amalgam less than IRM and super- EBA(25). Other

disadvanatages of amalgam are technique sensitivity (26),risk of




tattooing (27) and on lesser importance the risk of mercury

releasing throughout the body(28).

Intermediate restorative material (IRM)

Intermediate Restorative material (IRM) is a zinc oxide
eugenol cement which is reinforced by the addition of
20% polymethacrylate by weight to powder (6).To improve its
properties, different amount of hydroxyapatite due to it’s
biocompatibility with bone were added to plain IRM. Addition of
10 and 20% of hydroxyapatite promote its sealing ability in
studies but one of the most disadvantages of this new IRM was
more disintegration rate which leads to leakage of irritants from
the root canal to periradicular tissues, so it would be better to use
the unmodified IRM for root end filling purpose (16).

Variaous studies have compared its sealing ability and

" biocompatibility with other materials; In comparing IRM with

MTA, all of the reported studies indicated more leakage for IRM
than MTA (19,20,21), On the other hand, IRM showed less
leakage than amalgam (21). However, Fogel et al, found no

signficant difference between dye leakage of amalgam and

IRM(23).




Different researchers have compared the cytotoxicity of IRM
with other root end filling materials and indicated less cytotoxicity
of IRM than émalgam (24). However, Torabinejad et al reported
MTA to be the least cytotoxic material among other materials

(24,25,30).

Super Ethoxy Benzoic Acid (Super-EBA)

Super-EBA is a zinc- oxide eugenol cement modified by
EBA to alter the setting time and increaseing the strength of the
mixture. The cement also modified by the partial substitution of
eugenol liquid with ortho-ethoxy benzoic acid and the addition of
fused quartz or alumina to the powder (6).Super-EBA is the
strongest and the least soluble of all zine-oxide eugenol
formulations. It has a high compressive and tensional strength.

Theodosopoulou et al stated Super-EBA showed the most leakage

~ among other materials such as composite, Glass Ionomer. Cement

and amalgam when used as root end filling material (31); while
other studies reported more leakage of Super-EBA when
compared with MTA (19,20,29) and less leakage than amalgam
(21,31). |




Studies that have been focused on cytotoxicity of Super-
EBA, indicated that it is less cytotoxic than IRM (21) and
amalgam (19), but Torabinejad et al found Super-EBA to be more
cytotoxic than amalgam (25); like all other materials that had been
tested in above mentioned studies, MTA showed to be the least

cytotoxic material.

Glass Ionomer Cements

Glass Ionomers are materials consisting of ion-cross-linked
polymer matrices surrounding glass-reinforcing particles. The
design of the . original glass-ionomer cements was a hybrid
formulation of silicate and polycarboxylate cements. Glass
Ionomers used the aluminosilicate powder from silicates and the
polyacrylic acid liquid of polycarboxylates(32).

During years, many modifications took place for improving
properties of glass ionomers, such as altering the liquid and
powder ratio as well as structural alterations.

Despite these changes, however earlier materials were very

technique sensitive as well as newer products.




