BRAZILIAN
ENDODONTIC

JOURNAL

DUDON ALHING AND K ARLH FUUNUDATION







BRAL ENDOD I A (1/2), 2000

ISSN 1413-4790

l 2001 VOLUME 5 NUMBER 1/2 .

BRAZILIAN
ENDODONTIC

JOURNAL

Subscription service: communication regarding interest in
individual or institutional subscription should be addressed 1o:
Brazilian Endodontic Journal

Fundagiio de Ensino ¢ Pesquisa Endoddntica

Rua Cristdvio Colombo, 1636, Sala 306 = Porto Alepre, RS
CEFP 90560-004 — Brazil — Phone: + 55 51 3346,2197




BRAZ ENDOD J 5 (1/2), 2001 ISSN 1413-4T09

— —— —— Sy

Editorial

GOOD BRAZILIAN ENDODONTIC RESEARCH!

Thr.: past two years were remarkable for the Brazilian endodontic
research. If we analyze what has been published in endodontic journals with
great international impact, we can observe an important improvement in the
number, quality and variety of studies. As an example, from 1999 1o 2000,
Brazilian studies accounted for about 15% of all publications in the
International Endoadentic Jowrnal, This journal is the leading publication in
the world in terms of impact factor. So, this means that our research is being
considered as serious and innovative by the rest of the world. Lectures held in
different countrics using Brazilian studies as reference are no longer rare.
Accurate studies are being carried out in Brazilian laboratories, and we should
be proud of showing the rest of the world a lot more than Carnival and soccer.

If improvements are made in our research inslitutes in terms of grant
offers, and if they help to establish and maintain laboratories and journals in
Brazil, we will be able to show the world how creative, inventive and serious

we are with our studies. Also, our Dental Schools should provide everything
that is necessary for the development of consistent research in the field of
endodontics.

We are happy with the good news, but we understand there is a long way
1o go, Is anyone tired?
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BIOCOMPATIBILITY OF ENDODONTIC MATERIALS:
CYTOTOXICITY OF A POLYURETHANE RESIN

DERIVED FROM CASTOR BEAN OIL

Elizeu Alvaro PASCON, PhD, Department of Endodontics, University of
Toronta, Canaca.

Cihssio José Alves de SOUSA, PhD, Department of Conservative Dentisiry,
Universidade Federal de Uberlindia, MG, Brueil.

Kaare LANGELAND, PhD, University of Connecticut, Farmington, CT,
LSA.

Abstract

The polyurehane resin denved from castor bean odl {Ricinus comnnns) presents
o modeoular compasition that lns shown compatibility with vital tissues, The purposs
of this work was to compare the toxicity of this resin (Poalial) with commercially
available root canal filling materials (AHZ2G, Dentinol, Kerr Sealer, and Sealapex)
according to the recommendations of FDI and ANSIFADA. All materials were
manipulated aceording to manufacturer instructions; components were lested
individually, The chromium release in wiire cyloioxicity test was used, Ten samples
of cach material were 1ested nght alter preparation and alter 24 and 60 hours of
setling time for 4-hour and 24-hour cellimmterial contaet. Comrals consisted ol ten
samples of cells without material comact for chromium spontaneous release by
natural cell death, Statistical analysis of the resulis showed significant differences
Berween the materials, which were ranked according 1o decreasing toxicity, as
fodlavwss 1) 4-howr contact: Fresl: Kere, AH2G, Dentinal, Sealapex, Poliol; 28480
fanr setting: Kerr, Sealapex, Policd, AH26, Dentinol; 2) 24-hour contact: Fresli:
AH26, Dentinol, Sealapex, Kerr, Poliol: 24-hour setting: Kerr, Dentinol, Sealapex,
Poliol, AH2G; 80-feurr setiing: Kerr, Sealapex, Poliol, AH2G, Deminod, The resulis
allowed to conclude that polyurcthane resin presented a better toxicity profile than
Kerr Sealer and Sealapex in all testing conditions and equaled AH26 and Dentingl
in ot of them, The polyurcthane resin presenied acceptable compatibility anc
should be considered as o root canal sealer,

Key wards: rool canal oblurmion matenials, cytooxicity, polyurethane resin,

INTRODUCTION AMD LITERATURE REVIEW

Root canal sealers are meant to be wsed in
combination with solid core materials during root canal
oburation. The aim is to hermetically fill all spaces
left empty after instrumentation within the root canal
system and 1o oblain a complete closure of the apical
third,

Thas project was supposted by grant # 300554694-0 (N V) from CR Py,

GROSSMAN! has established requirements for
an ideal material, which are accepted until the present
days. Among them, one of the most imponant is the
compatibility with living tissues from the periradicular
areq, since the material will be in permanent contact
wilh those tissues, All root filling materials have been
found to be irmtants when freshly prepared, causing a
high level of imritation in periradicular tissues at longer
observation periods."™® This irritation resulis in
inflammation, foreign body reaction, and consequently
material and bone resorption in that arca.®'
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All root canal sealers tested until wday have been
demonstrated to be irritant and resorbable. ' There are
published studies reporting that the best root canal
filling material is gutta-percha, despite the irritation
caused by the presence of zine oxide in its
composition." However, some physical properties of
gutta-percha do not allow the canal 1o be hermetically
filled. Thus, a sealer is necessary to block all
imegularities between the solid core and dentin walls.'”

Finding a material that presents biocompatibility
with living tissues in the periradicular area has
constituted a challenge to investigators. Studies on
material compatibility have been conducted with
methods that include both human®2* and animal®!
experimentation. However, the difficulties of
conducting a histological study, as well as the
cvatluation of tissue response in animals and humans,
have made the initial i vitre studies become
considerably important. Searching for the best
compatible material should be a constant task of
investigators, but this kind of work must follow
universally established criteria,

In the past few years, some studies have introduced
a pelyurethane resin derived from castor bean oil
(Ricinus Connmuniz) in the medical field, The material
has been tested for bone replacement in surgical
wounds,'? to work as pins implanted in rabbit bones, !
and in surgical wounds in the rabbit calvaria® These
studies have shown that polyurethane resin (Poliol) is
tissue-compatible. In the field of dentistry, only one
study dealing with this material was found in the
literature. Costa et al.” implanted polyethylene tubes
containing the resin in the subcutancous tissue of rais,
comparing the results with those obtained with zine/
oxide cugenol cement. At 30 and 60 days, the authors
ohserved the presence of fibrous tissue involving the
tubes; the surrounding connective tissue showed
normial histological characteristics for both materials,

Standardized methods for the evaluation of dental
materials — including the recommended and
universally accepted initial test using radiochromium
releqse, proposed by SF’EII'IEI'}EI'EE-" — are described by
the Technical Report #9 (FDI),” 1S0 7405," and by
Document #41 (ANSIADA).'

The radiochromium release in vitre cytoloxicity
test offers several advantages, which include a high
degree of control when compared © fn wive lesting.
The method is simple, inexpensive and fast, and
provides invaluable help during the development and
production of materials. However, it does not allow a
direct comparison between the material and the living
host tissues. Actually, there are no publications

ISEN 1413-470)

indicating a positive comelation arhofe the various in
virre tests, which could replace usage tests. Generally
speaking, in witee tests provide the toxicity profile of
a given material under specific tlesting conditions.
Furthermare, they allow the testing of the material as
recommended by §ts manufacturer and also the
cvatluation of material componenis.

Testing materials as recommended and in the way
they are used by professionals in their medical routing
is of outmost importance. SPANGBERG and
PASCON® showed that material preparation may
significantly alter the toxicity profile. These authors
tested several root canal filling materials, including
Sultan, Wach's, Tubliseal, and Diaket, which showed
higher levels of toxicity when tested as solids - freshly
preparcd and after setting - than when tested in
solutions,

There are many studies on cylotoxicity using cell
cultures, with many different techniques: standardized
tubes containing sealers in contact with fbroblasis
from the periodontal ligament;? dentin chips mixed in
cell eultures; '™ mammalian cell mutagenicity;* density
of L929 and BHK 21/CI13 cells in culture;* and
periodontal ligament fibroblast proliferation.'” The
problem with these studies is that the difference in
methodology does not allow a direct comparison of
results.

SPANGBERG?Y developed a simple and
incxpensive test using cell cultures and the
incorparation of sodium chromate (Na,Cr0,), with
radioactive chromium, into the cytoplasm. The method
was adopted by FDI? and ANSVADA ® Considering
that the method allows direct contact between
maderials and cells, it can be carried out rght after
preparation and also after hours of setting time.
Unfortunately, in the 150 7405 drafi, only the agar
gel overlay method was maintained as the
recommended in vitre method. The disadvantage of
this method is that it does ot allow direct contact and
reaction between cells and materials. It only reflects
the diffusion of possible irmitants through gel.

The purpose of this study was to compare the
biocompatibility of polyurcthane resin (Poliol) with
AH26, Dentinel, Kerr Sealer, and Sealapex, the sealers
most commaonly used in the method described above.

MATERIALS AND METHODS
Materials

1. Experimental sealer made of polyurethane resin
(Paliol). Composition information was not requested
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to the manufacturer. The material (two different vials
of liguid resin), should be mixed with 30 g of calcium
carbonate. The resin was also mixed with barium
sulfae,
2. AH26 (De Tray, Zurich, Switzerland).
Composition according to manufacturer information:
Powder: Bismuth trioxide: 50.0 ¢
Hexamethylene etramine: 25.0 g
Silver powder: 10.0 g
Titanium dioxide: 5.0 g
Resin:  Bisphenol diglyeidyl ether: 100.0%

3. Dentinol (The LD Caulk Company, Division of
Dentsply International Inc., Milford, Delaware,
Switzerland). Composition according to manufacturer
imfarmation:

Fowder: Bismuth trioxide: 80.0%
Hexamethylene tetramine: 20.0%

Resin:  Bisphenol diglycidyl ether: 100.0%

4. Pulp Canal Sealer (Kerr Manufacturing
Company, Romulus, USA). Composition according to
manuficiurer informtion:

Powder: Zinc oxide: 41.2%

Silver powder: 30.0%
White resin: 16.0%
Dithymol: 12.8%

Clove oil: 80 ml
Canada balsam: 20 ml

Ligpreiel:

5. Sealapex (Kerr Manufacturing Company,
Romulus, USA). Composition according to
manufacturer information;

Powder: Calcium hydroxide: 25.0%
Bariwm sulfate: 18.6%
Zinc oxide: 6.5%
Tizmium dioxide: 5.1%
Zinc esterase: 1.0%

Materials were manipulated as recommended by
the manufacturers, and were tested right after
preparation (freshly prepared), and after sctting for
24 and 60 hours at 37 °C and 100% humidity. Powder/
base or liquid/aceelerator were also tested individually,
After preparation, the material was placed in a
wberculin syringe, and 0,05 cc was dispensed in ten
wells of a tissue culture cluster and accommodated in
order 1o cover the whole bottom surface.

DR

I55H [413-a799

P g
Experimental procedure
Cells, media and the 3'Cr labeling procedure were
a5 described in previous aricles. ™ Three 1o five-day
old cultures of L929 mouse fibroblasts were used. The
culture medivum was changed every other day, and on
the day before the experiment, cultures were labeled
overnight with *'Cr. Cells were harvested with 0.02%
trypsin in phosphate buffer solution (PBS) and
suspended in the culture medium at a density of five
million cells per milliliter. Two milliliters of cell
suspension were dispensed on top of the material in
the wells and incubated for 4 and 24 hours. Ten wells
were assigned to each observation period and received
2 ce of cell suspension with no material to provide the
negative control for spontancous release of chromium,
Al the end of the incubation period, 1 ml of cullure
medium was withdrawn from each culture well and
transferred into test tubes, Samples were centrifuged
during 10 minutes at 1800 rpm, and 0.5 ml of the
supermatant in cach tube was withdrawn and counted
for 10 minutes in a gamma counter {1 samples). While
dispensing the cells, 10 0.5-ml samples were
withdrawn randomly and also counted in the gamma
counter to serve as reference for the total incorporated
label {r samples) (Figure 1). The percentage of
radiochromium release in the experiment was
calculated on the basis of the wtal amount incorported
into the target cells using the following formula:

where T = *!Cr released in the samples, b =
T-b
Percent of 3'Cr release = X 100,

R-b

radiation noise, and R = reference samples.

RESULTS

The results shown in Tables | to 5 were submitted
to statistical analysis. The first analysis aimed
verifying whether data distribution was “normal” or
“non-normal”. Therefore, the analysis of variance for
normality was applied 1o data from the conirol group.
Since the results showed that the distribution was “non-
normal”, data were transformed into logarithms, and
the analysis of variance was applied again; the “non-
normal” distribution of data was confirmed by this
segond test. In view of these Nindings, we decided o
use the non-parametric analysis of variance.
Friedman's test?® was applied to the results of each
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Figure 1. Experimenial procedure

experimental material at 4- and 24-hour cell/material
contct and controls, in order to verify the occurrence
of significant differences between the groups. The
level of significance for all tests was established at
.05, in a bilateral test, and the critical value for the
chi-square test was 1107 (degree of freedom = 5).
According to the results, there were significant
differences between all material groups and the control
group.

Table 1 presents the results obtained with the Poliol
group, compared to the control group. The Wilcoxon
test2® was applicd 1o assess differences between Poliol
in association with calcium carbonate (PCaCo,) il
Paliol in association with barium sulfate (PBaSo,) at
4- and 24-hour cell/material comtact, The results
indicated that PBaSo, was less toxic than PCaCo,, and
the differences were significant for all values, excepl
for freshly prepared and 24-hour set at 24-hour cellf
material contact. Base and accelerator were also
considered toxic and the differences were significant.

The Mann-Whitney U test®® was applied 1o data
from all material groups at 4 hours {Table 2) and 24
hours (Table 3) to verify differences between them.
The results indicated significant differences between
almost all groups. Freshly prepared Kerr Sealer

showed the highest level of toxicity, followed by
AH26, Dentinol, Sealapex, and Poliol, and all
differences were statistically significant, but for
Sealapex versus Poliol and Dentinol versis AH26.
After the 24-hour set, the decreasing order of Loxicity
was changed: Kerr Sealer and Sealapex were still
highly toxic, while Poliol was more tox ic than AH2G6
and Dentinol: differences were statistically significant.
The same order was found after the 60-hour sct: Kerr,

Table 1. Cytoloxicity - Poliol [percent of incorporated
chramium liberafion, X230, n=10)

Contoet materinlieclls 4 hours 24 hours
P-Base T5.4=9.0 B6.0£7.7
P-Accelerator 59.026.7 77.046.3
PCaC0, Fresh 41.5£7.4 69.4+5.4
FBaS0, Fresh 38,5251 T, 3288
PCaCO, 24-h se 18.1£1.4 40.843.7
PRaS0, 24-h set 14.6£1.3 38.245.3
PCaC0, 60-h set 19617 41.7+5.4
PBaS0, 60-h set 13,1208 35.4£3.0
Control 129213 352427
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Table 2. Cytoloxicily (percent of incorporated chromium liberation, X250, n=A0§ -

d-hour conlact materialicells

Fresh Contraol PDMBase Control  LIQWACT  Contirol
Poliol 1574 12913 754291 12913  59.020.7 12.9+1.3
Scal 524253 72203 25254 DAxI6 9552306 65206
Dent T0.3x6.3 68221 12.4=2.4 652000 A4+0.5 44202
AH2G Tidz6.0 99218 24,1235.3 0,520 0.920.6 6.820.0
Kerr B4.0ed.1  GR206 2 232252 042006 043233 65206

FI: Powder; LAG: liquid; ACC: acoclomior

Table 3. Cylotoxicity (percent of incorporated chromium liberation, X£50, n=10)

H-lour contact materialfcells

Fresh  Control  PD/Base  Control LIQVACC  Control
Poliol 69454 352+27 860277 352427 770263 352427
Kerr 840240 248206 452027  24.8:06 §7.5xzl6 248206
Seal 003£38  250s1.5 276225 250215 766236  25.0s15
Dem 948210 MBLD6 250243 2482006 250209  24.8x0.6
AH2G 951225 MEL06 3602006 0 2484006 240206  24.8:0.6

PEY: Powske: LACE Bauids ACC: aeccleratos

Sealapex, Poliol, AH26, and Dentinol. The Poliol base
showed the highest level of toxicity, followed by
Sealapex, AH26, Kerr, and Dentinol powders, and the
differences were significant, with the exception of Kerr
versies Scalapex. The liquid showed the following
decreazing order: Sealapex, Kerr (wilth significant
differences), Poliol, AHMG, and Dentinol.
Statistically significant differences were also
found for the 24-hour cell/material contact test {Tables
4 and 5). Freshly prepared materials were ranked in a
decreasing degree of severity as follows: AH26,

Dentinol, Sealapex, Kerr Sealer, and Poliol. The
significance level was established at 0.03, and only
the results for AH26 versus Dentinol were not
significant.

After the 24-hour seiting time, ranking was as
follows: Kerr, Dentinol, Sealapex, Poliol, and AH26,
and differences were significant, but for Kerr versns
Dentinol. After the 60-hour setting time, ranking
consisted of Kerr, Sealapex, Poliol, AH26, and
Dentinol, with statistically significant differences for
all data, Concerning the powder/base, anking was

Table 4. Cylotoxicity [percent of incorporated chromium liberation, X£50, n=10)
d-hour contact materialficells

Fresh Control  2d-hourset Contreol  G0-howr set Contreal
Paliol 47527 .4 12913 18. 11 .4 129013 19617 12.9=].3
Seal 524253 7208 56,8229 1013 64918 5406
Dent TO3+6,3 08421 B.e].4 Y| B7+210 46405
A T2.440.1 oL R 11.59+1.5 G7xl.1 DR+T .4 $I3+2.06
Kerr 2404 Hh.8H0.G LI E RS G 50 91.2+4.3 Thxl4
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Table 5. Cylotoxicity (percent of incorporated chromivm liberation, =50, n=10)

2d-howr contael malerinlicells

Fresh Control  24-howrsed Condrel  60-<houwr set Control
Paliol 694+54 35227 40,8437 152+2 T  dl.6+33 352427
Kerr Bd.0xd D 2dB206 Oldxle 282006 91243 2482006
Seal 003238  25.0=1.5 Sf0+d 4 15.0£01.5 649422 25.0£1.5
Dt Q4. 8+1.9 28206 G20 2 BHG 244409 24 BxL6
A Ya. 12,5 248206 33.1£2.3 2484006 hdxl9 24 826

found to be Poliol, Kerr, AH26, Scalapex, and
Dentinol, with significant differences, except for
Secalapex versus Dentinol, whereas for the liguid/
accelerator, it was Kerr, Poliol, Scalapex, Dentinol,
and AH26, also with significant differences, except
for Sealapex versus Dentinol and Dentinol versus
AH2G.

DISCUSSION

The purpose of this work was 10 contribute to the
search for a root filling material that presents better
compatibility with living periradicular tissues,

The method used in this study is recommended
by arganizations'? that are recognized and accepted
by the international scientific community and that are
concerned with testing standardization in order to
guarantee that results are comparable. The influence
of methods on the results is extremely important. The
technigue chosen 1o use a certain material is as
impaortant as the material itself, because an inadeguate
technique may damage or destroy an adequate
material. There is consensus  among
investigators'*2'22 in the sense that the material must
b manipulated as recommended by the manufwcturers
and in the way they are used in daily practice.
Considering that root canal sealers are prepared and
introduced into the canal as pastes, and that hardening
only takes place afler some time, the testing method
must allow the reproduction of this condition,

Although the radiochromium release test®” may
have generated controversial arguments related to the
direct application of results to living tissues in the
human body, there is full agreement conceming the
ability of this test to establish the toxicity profile of a

material, The test allows direct contact between cell
and material when freshily prepared and afer differem
selting times. It also gives a numeric value to the
amount of chromium released, making comparisons
between results possible.

The results of this study confirmed our previous
findings that all root canal sealers are highly toxic
when freshly prepared.” Funhermore, these results
confirmed that there is a decrease in toxicity as the
material hardens, and this variation is higher for resins,
including Policl,

The method employed in our study allowed the
ranking of materials. It was shown that ZOE-based
materials — Kerr Sealer and Sealapex — presented a
high toxicity level during the entire experiment, which
is due o its liguid formulation (eugenol) = this
confirms our previous findings and those of
RODRIGUES et al.* Conversely, resins — AH26 and
Dentinol — were less toxic than ZOE-based materials,
except when freshly prepared, when the toxicity
reached the highest levels, After 24 and 60-hour setting
times, the toxicity level of these materials decreased
drastically and was close 1o that found in contrals,
Liberation of paraformaldehyde during the initial
chemical reaction, as demonstrated by SPANGBERG
et al.® is the cause for such toxicity, According to
those authors, formaldehyde, which is not present as
a free radical in the powder or in the liquid, is clearly
present in freshly prepared materials. The quantity is
doubled during the first 12 hours of setting time and
increases 200-fold until 2 days afier mixing; then i
starts o decrease. This was confirmed by SCHWEIEL
et al.* while studying the mutagenicity effect of AH26.
They showed that the number of mutants was 7 to 10-
fold higher when the material was freshly prepared,
but it was clearly redeced after | week of setting time.
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However, our resulls do not confirm the findings
of BRISEND and WILLERHAUSEN® and GEROSA
et al.? The first authors found Kerr Sealer 1o be
moderately toxic initially, but after 13 days, the
fibroblasts present in the culture had recovered very
well, whereas AH26 showed a severe reaction during
the entire experiment. The sccond authors
demoenstrated that 1 and 2-week old AH26 solutions
presented severe toxicity. Again, the method used and
the preparation of materials influenced the resulis, The
method used by the first authors tested the materials
after 24 and 48 hours of setting time, and assessed
recovery of human gingival fibroblasts through [L-
14C] leucine incorporation, The second authors used
spectrophotometry and material in solution, that is,
they evaluated soluble and dispersible components
only. Similar results were found by GEURTSEN et
al.," who tested the effects of AH26 and Sealapex on
permanent 3T3 cells and periodontal ligament
fibroblasts in primary cultures. Set materials were
placed in contact with cells, and the assessment was
made through the determination of cell proliferation,
AH26 and Sealapex extracts caused moderate 1o severe
erowth inhibation,

The problem with these methods is the lack of
direct contact between cells and materials, testing
solutions and dispersible components, as well as the
subjective evaluation of cellular damage using criteria
not well-defined for cellular death, Considering that
initial tests are meant to establish the wxicity profile
of a material and its components, very little is achieved
with the use of complicated methods, which involve
subjective interpretation of results. The simplest way
to evaluate a material is determining its toxicity
through the analysis of a numeric value that
corresponds w0 the amount of radioactive chromium
liberated from the cytoplasm of dead cells in direct
contact with freshly prepared, 24- and 60-hour set
materials, as performed in this study. This way, we
reproduced the daily use of materials by professionals
in practice.

Itis evident in the literatere that when standardized
testing methods are applied by different investigators,

the results of in vitre toxicity can be compared and
confirmed,16.19.20.24,28.30

Research work involving polyurethane resins
derived from castor bean oil are recent, and there are
no publications aboul i vitre cylotoxicity, In our study,

the experimental sealer Poliol presented similar and
comparable results to those of AH26 and Dentinol
resing, The sealer was less toxic when freshly prepared,
But toxicity was higher afier 24 and 60 hours of setting
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time; differences were statistically &gnificant. It is
important to mention, however, that Poliol was tested
as a pure resin, without the wsual components that
participate in the composition of sealers and that aim
at obtaining improved physical characteristics, Funher
studies concerning the addition of necessary
components and physical propenties must be carried
oul. In addition, after a proper root canal scaler is
ohtained, biological properties should be evaluated
again. Our results demonstrated that by simply
replacing barium sulfate with calcium carbonate in the
Poliol composition, toxicity was significantly reduced.
These Mindings are very important for the development
of new root canal sealers.

CONCLUSIONS

The results of this work yielded the following
conclusions:

I} All sealers tested are irritants to the cells when
freshly prepared.

2) Toxieity levels decreased after setting,

3) ZOE-based materials - Kerr Sealer and Sealapex
—showed a high level of 1oxicity during the entirg
experiment due to eugenol,

4)  AH26 and Dentinol showed high levels of toxicity
when freshly prepared, but these levels decreased
drastically after 24 and 60 hours of setting time.

3) The levels of toxicity observed in the experimental
sealer Poliol were comparable 1o those of other
resins,

6) The results demonstrated that the use of
polyurcthane resin Poliol as 2 root canal sealer
should be furiher evaluated,
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Abstract

Intracanal medication is very impartant for the ireatment of apical periodontinis,
So, well-delineated studies are necessary in onder to establish indications for the
clinical vse of medication, Swdies on the antimicrobial elfectivensss of calcium
hydroxide pastes have shown the need to understamd the mechanism of action of
ihe paste and the interaction between its properties; this has provided o basis for
the precise indication of calcium hydroxide pastes in different clinical situations,
The cljective of oar siudy was 10 assess the molar conductivity of different calcium
hydroxide-based solutions. We investigated the molar conductivity of 120 mg of
calcium lydroxide combined with sodiwm lauryl ether sulfate w01 %, Tween 800
019, and deionized, distilled water { 100 m1). The results for the solutions — sodium
Lauryl ether sulfaie at 0.1%, Tween 80 at 0.19%, and deionized water — combined
with calcium hydroxide showed conductivity of 5057.74, 4976.87, and 4936.45
mibcrosiemens (micros), respectively, These differences were not significant.

Key words: ealcium hydroxide, vehicles, intracanal medication, conductivity.
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INTRODUCTION

The worth of studies on intracanal medication 15
corroboraied by ihe importance of medication in the
treatment of apical perodoniitis. Several substances
and pastes have been suggested for use as intracanal
medication. As a resull, there is a clear need for well-
delineated studics in ondier to cstablish indications for
the clinical use of medication, thus providing a better
understanding of its properties.

studies on the role of vehicles as related (o the
antimicrobial effectivencss of calcium hydroxide
pastes have resulied in the need o understand its
mechanism of action®® and the interaction between

its propentics; this understanding, in tern, has provided
a basis for the precise indication of calcium hydroxide
pastes in different clinical situations.

The dissociation of calcium hydroxide into a
hydroxyl ion and a calcium ion, and the action of the
latter two on lissue and bacteria allowed the
understanding of their biological and antimicrobial
properties.”

Calcium hydroxide is a strong base (pH 12.6) with
little water solubility (1.2 gfl), obtained through
calcination (heating) of calcium carbonate until it is
transformed into caleium oxide (lime). Hydration of
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calcium oxide yields ealcium hydroxide, and the
reaction of the later with carbon dioxide resulis in
calcium carbonate.®

ESTRELA and PESCE” carried out a chemical
analysis on the release of hydroxyl ions and calcium
ions by calcium hydroxide pastes. Considering the
molecular weight of calcium hydroxide (74.08)
hydroxyl ions correspond 1o 45.89% of the weight,
whereas caleium ions comespond o 34.11%. In this
sense, when calcium hydroxide is used in the rom
canal, 45.89% and 54.11% of the compound dissociate
o, respectively, hydroxyl ions and calcium ions,

lonic dissociation and diffusion are Tundamenial
for the activity inside canal ramifications. Changes in
the dentine pH related o hydroxyl ions are slow and
depend on several factors: water solubility or not of
the vehicle used, difference in viscosity, acid-base
characteristics, dentine permeability, and
caleification.” Measurements on the external serface
of the dentine after use of calcium hivdroxide pastes
have shown a pH of around 7.0 to 8.0, depending on
the cervical third. Moreover, the measurcments
showed that calcium hydroxide pastes maintained a
pH of 12.6 inside the root canal during the 60 days of
observation.!! However, some difficultics for the
correct analysis of pH in mineralized siructures siill
remain, In this sense, it is necessary to establizh and
develop an applicable methodology in order to
reproduce, with more precision, the transport of
hydroxyl ions through dentinal tubules and
consequently favor the exact measurement of pH.>5!

We underscore the importance of the chemical
analysis of calcium hydroxide in view of its essential
aspects, such as: pH analysis of vehicles and pastes,™®
influence of the vehicle on the velocity of ionic
dissociation,™* the required duration of dentinal
diffusion to achieve adequate pH levels for the control
of microbes and resorption,*!! the action of tissue and
atmospheric carbon dioxide on calcium hydroxide,
which, in tern, interferes with the antimicrobial and
mineralizing effects of calcium hydroxide ®

Calcium hydroxide has been combined with
chifferent vehicles: distilled water, saline solution,
anesthetic solution, methyl cellulose, detergent,
glycerin, propylene glycol, polyethylene glycol,
camphorated paramonochlorophenol (CMPC), and
chlorhexiding; and also with different substances:
iodoform, bartum sulfate, corticosteroid-antibiotic, and
antibiotics 2111518

The water solubility of vehicles favors an increase
in the velocity of ionic dissociation and diffusion inside
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dentinal tubules and can thus Fafluence the
antimicrobial effect. ™7

The choice of the detergent (sodium lauryl sulfate)
a5 a vehicle for caleium hydroxide was based on the
understanding that it favors a decrease in surface
tension, which in turn could influence diffusion
through bacterial membranes and the number of
malecules that interact with the membrane. ' FEIRER
and LEONARD' reported that a decrease in the
surface tension would determine the diffusion of
medication through the cellular membrane of bacteria,
thus increasing its baciericidal power,

BARBOSA and ALMEIDA' suggested the
association of a detergent, namely sodinm lauryl cther
sulfate at 0.125% (Tergentol®, 20 ml) with calcium
hydroxide at 0.2% (80 ml) as a root canal irrigation
solution for human eeth, However, it is imporiant to
emphasize that the target synergic effect is not achieved
in all associations.

Considering the need for comparative studies on
vehicles combined with caleium hydroxide, the
ohjective of our study was to assess the molar
conductivity of different calcium hydroxide-based
solutions.

MATERIALS AND METHODS

Chur objective was to assess the molar conductivity
of solutions contaning calcium hyvdroxide, Solution
samples included: sodium lauryl ether sulfate at 0.1%,
Tween 80 at 0.1%, and 100 ml of deionized, distilled
water, all associated with 120 me of calcium hydroxide
{Merck, USA).

Muolar conductivity was investigated during a 160-
day period (Analion conductivity meter, Sio Paula,
Brazil), and results were recorded in an electronic
spreadsheet. All tests were repeated three times,

RESULTS

The results for the molar conductivity of the
solutions used in our study - sodium lauryl ether
sulfate st 0,196, Tween 30 at 019, and deionized water
— combined with calcium hydroxide were 5057.74,
49760,87, and 4930.45 microsiemens (microd],
respectively, as shown in Figures 1 and 2, These values
showed no significant differences.
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DISCUSSION

The literature shows results similar to ours for the
pH analysis of different calcium hydroxide solutions
during 160-day periods. In the study by ESTRELA et
al.,” caleium hydroxide pastes were associated with
the following vehicles: deionized water, propylenc
glycol, sodium lauryl ether sulfate at 0.1%, Tween 80
at 0L1%, CMPC, and CMPC + furacin. The pH of
nonphenolic compounds was measured using a digital
pH meter, while the pH of phenolic compounds
(CMPC and CMPC + furacin) was measured using a
pH paper (graded from 0.0 o 14.0). Results showed
that pastes combined with nonphenclic vehicles
(detonized water, propylene glycol, sodium lawryl ether
sulfate, and Tween 80) had clevated pH levels (>12.0),
whereas those combined with CMPC maintained a pH
of around 7.8 througheut the study period. CMPC, in
rm, maintained a pH of 5.0, The CMPC + furacin
vehicle maintained a pH of 7.0 throughout the study
period, and the paste associated with CMPC + furacin
maintained a pH of 10.0.°

I55H 1413-4754

SAFAVI and NAKAYAMM'® jccessed the
influence of different vehicles (glycerin and propylen:
glyeal) on the dissociation of calcium hydroxide in
solution, considering the variety of vehicles that have
been combined with the compound. The resulis
showed that the conductivity of caleium hydroxide in
pure glycerin or glycol propylene was nearly zero. In
this sense, taking into consideration that Enterococcns
Jaecaliz (an important bacterium in apical
periodontitis) can resist to a pH of 11.9, the authors
concluded that the wse of high concentrations of
glyeerin or propylene glyeol as vehicles for calcim
hydroxide can decrease the effectiveness of the latter
as an intracanal medication,

BARBOSA and ALMEIDA' assessed the
antimicrobial effect of pure caleium hydroxide
solution, of a detergent (Tergemal), and of two ealcium
hydroxide solutions combined with a detergent
(sodium lauryl sulfate) at 10 and 20%. The
microorganisms studied were Enteracoccus faecalis,
Streptococcus sanguis, .Ein'{rp.rmrmrcu; PRREEGTIS,
Streprococcns salivaring, Neisseria sp., Lactobacillus
sp., Candida albicans, Staphylococcus epidermidis,
Bacilius subrilis, Staphylococcus aurens, and
diphtheroids. Antimicrobial analysiz was carried out
adding 0.5-ml bacterial suspensions to 5.0-ml test
solutions at 1, 3, 5, 10, 30, and 60 minutes. Next, 0, 1-
ml samples were collected and seeded onto culture
medium plates. After 72 hours, the authors investigated
the presencefabsence of bacterial growth, They
conclheded that the 1046 and 2066 of detergent solutions
showed antimicrobial effect, whereas the pure calcium
hydroxide solution did not show antimicrobial activity
against the microorganisms testec,

However, other studies have reporied different
results with the use of detergents as a vehicle for
calcium hydroxide. ESTRELA et al.? investigated the
antimicrobial effect of calcium hydroxide combined
with different vehicles (saline solution, CMPC,
chlorhexidine, detergent, and otosporin) and in direct
contact with cultures (absorbent paper cones) on
microorganisms, namely 8. mutans, E faecalis, 5.
atereis, Peeudomonas aeruginesa, B, subtilis, €.
albicans, and a mixed culwre. After 1 minute, 48
hours, 72 hours, and 7 days, results showed that the
vehicles used did not influence the time of microbial
inactivation. So, they play only 2 secondary role in
ionic dissociation, as is case of water-soluble vehicles.

ESTRELA® studied the effectivencss of root canal
irfigation solutions (sodium hypochlorite at 1, 2, and
5%, chlorhexidine digluconate at 2%, calcium
hydroxide solution at 19, and calcium hydroxide
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colution combined with sodium lauryl sulfate at 2005)
on 5. aurews, E. faecalis, P aeruginosa, B, subiilis, C.
albicans, and a mixed culture of these microorganisms,
With the aim of determining the minimum inhibitory
concentration (MIC) of the solutions, the authors
carried out serial dilutions at the rate of 10, The
antimicrobial effect of irrigation solutions was
evaluated by direct exposure at intervals of 5, 10, 15,
20, and 30 minutes, Results showed that the MIC for
sodium hypochlorite at 1, 2, and 5% was (L1% for 5.
arrens, E. faecalis, P. aeruginosa, and C. albicans,
and 1% for B, subsilis and the mixed colture. All
microorganisms were inactivated by the solutions at
all study intervals. The MIC for chlorhexidine
digluconate at 2% was 0.000002% for 5. aurens,
0.002% for P aeruginosa, and 0.02% for E, faecalis,
B. subtilis, C. albicans, and the mixed culture, Direct
exposure showed antimicrobial effectiveness of the
solution in all intervals against 8. awrens, E, faecalis,
and C. albicans and ineffectivencss against P
aeruginosa, B, subrilis, and the mixed culire. The
MIC for calcium hydroxide at 1% was 1% for £
aernginosa and greater than 1% for the remaining
microorganisms and the mixed culture. Direct
exposure showed antimicrobial effect against 5.
aurens, E. faecalis, and P geruginosa at 30 minutes
and incffectiveness against B. subrilis, C. albicans, and
the mixed culture at all study intervals, The MIC for
the calcium hydroxide solution combined with sodium
lawryl sulfate was 4.5 ml for . awrews, P aeruginosa,
8. subvilis, C. albicans, and the mixed culture, and
greater than 4.5 ml for E, faecalis. Direct exposure
showed antimicrobial effectiveness of the solution
against 5, aurens at 20 minutes, and against £, faecalis
at 30 minutes. The solution was ineffective against
the other microorganisms (P aeruginosa, B. subrilis,
O albieans, and the mixed culture).

In an attempt to correlate the release of hydroxyl
ions by caleium hydroxide with the enzyme activity
of microorganisms, ESTRELA et al.' explained the
mechanism of action of the compound, Considering
that vital functions (metabolism, growth, and cell
division) require the participation of the cytoplasmic
membrane, which is the site of important enzymatic
systems, alterations in the physiological activity of
microorganisms can be directly influenced by the
release of hydroxyl ions. In this sense, these ions are
capable of affecting the integrity of the cytoplasmic
membrane by means of causing biochemical injuries
to the organic components of the membrane and
interference with the transportation of nutrients, or by
means of destroying phospholipids or unsaturated faity
acids, leading to saponification.
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Caleium hydroxide releases htdr@xy ions that act
on the enzymes of the cyloplasmic membrane. So,
depending on the amount of these ions, this medication
can act against a broad and diverse range of
microorganisms (independently of its metabolic
capacity). In the microbial realm, independently of the
morphologic, tinctorial, and respiratory characteristics,
membrancs are similar. In this sense, the
pharmaceutical acts in similar ways on aerobic,
anaerobic, pram-positive, and gram-negative bacteria
— conversely 1o what occurs on the cell wall, whese
chemical and structural characteristics are distinct
according to the reactivity to gram staining.
Consequently, the choice of vehicles should be directed
1o those that sccelerate ionic dissociation and diffusion,
such as water-soluble vehicles (distilled water, saline
solution}, thus interfering with the enzymatic system
of bacteria and tissues.

The combination of a water-soluble vehicle (such
as saline solution) with calcium hydroxide pastes has
shown better results when compared to CMPC.
HOLLAND et al.'® evaluated the repair of periapical
tissues with different preparations of calcium
hydroxide using Calen (polyethylene glycol 400),
Calen + CMPC, and Ca{OH)2 + anesthetic on dog
teeth. After & 6-month period for the formation of the
periapical lesion, and another 6-manth period for the
histopathological evaluation following treatment, the
results showed that the association between CMPC
and Calen did not improve treatment results, and that
the average total repair for the three groups was 50%.

In another study, HOLLAND et al."? studied the
process of repair in 60 tooth roots with periapical
lesion using calcium hydroxide in combination with
saling solution, calcium hydroxide in combination with
CMPC, CMPC combined with furacin, and CMPC
alone. Results showed better results with the use of
caleinm hydroxide associated with saline solution
{approximately 60% of total repair and 40% of partial
repair). In the case of calcium hydroxide associated
with CMPC, results showed 20% of total repair, 70%
of partial repair, and 10% of unsuccessful repair.
Treatment carried out in a single session showed 406
of unsuccessful repair, 40% of partial repair, and only
20% of repair.

It is important to underscore that while carrying
out & study on intracanal medication, it is important
1o investigate the microbiota of the infected root canal,
the response of the host, and the mechanisms of action
of the medication to be indicated. For the elimination
of bacteria, it is inportant to allow a minimem amount
of time for the antimicrobial medication to show s
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effect, act at a considerable distance from the
application site, and neutralize residues from the
APENCSS0TS,

CONCLUSIONS

After the assessment of our results and according
1o the methods employed, the resulis for the solutions
— soidium lauryl ether sulfate at 0.1%, Tween 80 m
0.1%, and deionized water — combined with calcium
hydroxide showed conductivity of 5057.74, 4976.87,
and 4936.45 microsiemens (microS), respectively.
These differences were not significant.
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Abstract

Recent liternture has shown that appropriate coronal sealing after endodontic
trement is essential for a suecessful therapy, The intention of this paper is to
review the literature and to wam practitioners about the possibility of coronal
bacterial microleakage, which may occur if the tooth is not soon restored,

Key words: demial leakage, restoration, endodontics, aperative dentistry.
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INTRODUCTION

There is no doubt in that the adequate obturation
of the root canal system is necessary for a successful
endodontic treatment.

In spite of studies demonstrating the importance
of proper apical scaling following obturation,®2¥ one
of the causes suggested for failure in treatment is
microleakage due to inadequate (or inexistent)
coronary seal, '%24.39.33.34

SWANSON and MADISON®" wamed about the
importance that coronal microleakage has in the
prognosis of endodontic treatment, mainly in those
cases where final restoration is performed oo long
after endodontic therapy has been concluded.

According to the authors, right after obturation and
prior to definite restoration, root canals may be
recontaminated under specific circumstances: breaking
or loss of the temporary restoration, tooth structure
Fracture, or cases of canal preparation for a prosthesis
where the existing obturation shows to be inadequate

If one of the situations above occurs, the coronal region
of the root canals and the obturation become exposed
to the oral flora and Muids. Under such conditions,
saliva may solubilize the cement between the cones
and between these and the canal walls, making it
possible for bacteria to penctrate both the canal and
the filling material mass, 2

In view of the perspective of eventual
contamination caused by microorganisms that possibly
permeate through the obturation, the question will be
how fast the canal will become contaminated - or
recontaminated — to the point of making retreatment
NECESSAry.

LITERATURE REVIEW

In order 1o assess the period of time along which
the filling material could remain exposed 1o antificial
saliva before compromising the seal integrity,
SWANSON and MADISON® evaluated filled canals
i which the coronal portions had been exposed 1o
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saliva for varying periods of time with subsequent 48-
hour immersion in Pelikan ink. The authors observed
that significant marginal infiltration had occurred after
a d-chy lapse of time. In all samples, the stain leaked
to between 79 and 85% of the root length.

The study carried out by MADISON et al.'”
showed that ink penetrated 33 to 800 of the root length
in teeth exposed to artificial saliva for 7 days,
depending on the type of filling cement employed. An
in vivo assessment of microleakage' did not confirm
former in vitre studies. Some teeth without filling
cement did not show microleakage, whereas those with
temporary restorations showed penetration by the
slaim.

TORABINEIAD et al.*® evaluated in vitre
microshial penetration in endodontically treated eeth
feft without a seal. The coronal portions of canals that
had been filled using lateral condensation with gutta-
percha and cement were placed in contact with
microhial culiures. The authors observed the time (in
days) it took 5. epidermidis to reach the apex; this
time varied between 15 and 51 days, with an average
of 24.1, advancing 0.4 mmfday. After 19 days of
contact with that microorganism, 53% of all the canals
were completely contaminated. It was also observed
that it teok ! velgaris from 10 to 73 days to reach the
apex throughout the 10 millimeters of filling material.
The average time was 48.6 days, with a progression
of 0.2 mmfday. After a 42-day exposure, 50% of the
canals had been completely comtaminated.

MAGURA et al." assessed coronal microleakage
in filled root canals in vitro. Following histologic
examination, stain penetration analysis, and bacterial
culere, those authors came to the conclusion that
penctration of saliva into the canal was clinically
significant after a 3-month period, They suggested that
endodontic retreatment must be performed in canals
that have been exposed to the oral cavity for that length
of time,

CHOW et al.” investigated endotoxin penetration
in freshly extracted single-root tecth. After canal
obturation, the coronal portions of unsealed teeth were
exposed 1o endotoxing extracted from A
Actinomycetenr comitens (Aa). In 31,.25% of the rools,
ittook the bacterial lypopolysaccharide 20 days o leak
into filled canals.

In that same year, KHAYAT et al." demonstrated
in vitro that root canals obturated with gutta-percha
and cement using the lateral and the vertical
condensation techniques presented apical
contamination 30 days after they had had their coronal
portion exposed to human saliva,
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BARRIESHI et al.* measured'cofoial infiltration
in anterior teeth after the canals had been obturated
amd prepared 1o receive posts, Ninety days after the
experiment, 80% of the canals showed infiltration by
£ nucleatun and C. retus. Boacterial penctration in the
5 millimeters of the remaining filling material
happened Between 43 and 84 days aller obturation. In
that study, the authors demonstrated the occurrence
of coronal infiltration after the loss of coronal seal.

CHAILERTVANITKUL et al.® conducted an in
vitre study and showed that root canals filled with the
lateral condensation technique presented bacterial
infiltration after the seventh day, irmespective of the
cement used, Complete contamination by 8. sanguis
and P infermedia had installed in 50 o 70% of the
canals after 90 days had clapsed. The conclusion
reached by those auwthors was that the lateral
condensation of thermoplasticized gutta-percha,
associated with various kinds of cement, did not
impede the coronal infiltration of microorganisms.

PISANO et al.® showed root canals filled with
gutta-percha and receiving a coronal seal of Cavit, IRM
or super-EBA, which presented significantly less
leakage when compared to teeth filled without a
coronal seal,

BACHICHA etal..? using a fluid filtration system,
investigated microleakage in endodontically treated
teeth restored with posts. They showed a significant
difference in microleakage between the different
cements used — zinc phosphate showed the highest
incidence of leakage. There was no difference between
stainless steel and corbon-Niber posts, The authors
concluded that both posts, when cemented with resin
cements, exhibited less leakage than when cemented
with glass ionomer or zinc phosphate,

DISCUSSION

As we can observe, the majornity of studies cited
above were conducted in vitro, possibly presenting
limitations when compared to in vive situations.
Therefore, animal-model studies should be carried out,
with the aim of simulating elinical conditions wherehy
the level of infiltration could be measured in filled
rool canals exposed to the oral medium.

If we accept the methodologies used in in vitre
studies as valid 1o simulate conditions existing in the
oral medium, the microleakage observed after shon
periods of time must be scen as a potential etiologic
factor for the failure of the endodontic treatment and
should be prevented. The chinician should be able to
analyze each particular case, and special consideration
should be given to the quality of an existing filling.
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From the literature review, it can be seen that
authors found a significant variation on the time
required by bacteria to penetrate the whole length of
the root canal, Such variation may be related to the
way canals were prepared, the type of cement used,
and the nature of the microorganisms tested. '™

It should be noted that post-prepared canals lose a
considerable amount of filling material, and the
remaining portion may become twisted, dislodged, and
even broken, compromising the seal. 5o, with an
improperly sealed tooth, the time required for
penctration will probably be shortened. ' According
o GHASSAN et al.,? the apical seal is enhanced by
vertical condensation of the filling material afler the
coronal gutta-percha has been removed,

Contamination can be effectively reduced in teeth
whose canals were prepared to receive a core® or
prevented by sealing the canal openings with different
materials {(Cavit, IRM, SuperEBA, amalgam, 2l ).
Ideally, such seal should have a thickness of 2 to 4
millimeters, "

In regard to restorative procedures, it is important
to keep in mind that improperly performed restorations
may account for twice as many failures after | year.™
Endodontic suceess was observed in 91.4% of eeth
with good restorations, whereas in unsatisfactory
restorations, success reached 44.1% at most.™

A 23-maonth elinical evaluation showed that
success was more frequent in teeth permanently
restored following endodontic treatment. Therefore,
adequate restoration is a step in endodontic therapy
not less important than coronal access, chemical-
mechanical preparation, and filling *2

In cases where endodontic treatment is conducted
on teeth presenting deficient restorations, these must
be replaced in order to avold patchings and 1o
guaraniee a better seal.

It should be noted that an endodontic treatment is
likely to require several appointments whenever an
adequate coronal seal is necessary, which aims at
avoiding recontamination (LIM)." In case the access
cavity can not be restored immediately at the end of
treatment, an adequate temporary restoration must be
instituted,

A few studies have reported that zine oxide-
cugenal (ZOE) cements are liable to allow for
infiltration:'"2'2! some authors advoecate 2 minimum
layer thickness of 4 mm for such temporary
restorations. '

Cavit, applied for short periods (up o T days)
promotes a good seal."*! In addition, when used in
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a 4 mm-thick layer, Cavit showd 1f Be efficient in
preventing leakage for up to 3 weeks.® When used for
longer periods (42 days), Cavit shows rapid
deterioration and results in leakage 113

In an extrapolation to clinical practice, it is
recommended the lemporary restoration with Cavit be
limited to as short as possible. Thus, it becomes
important to perform temporary restorations capable
of resisting to mastication forces and presenting
adhesion to the tooth structure and/or impeding
microlcakage. In that respect, we would like to point
out a fow studies that show that cugenol-containing
provisional restorative materials  inhibit
polymerization of resing thus, their use as a lining agent
is not recommended before a definite restoration is
carried out.® Incomplete polymerization of resin
reduces the bonding strength of the adhesive to the
tooth structure, facilitating marginal leakage, ™

On the other hand, when eugenol-containing
cements are used as temporary restoratives only, an
adequate cleaning of the cavity using pumice and
water, followed by a 30-second application of 37%
phosphoric acid, will ensure the complete removal of
eugenol residues, returming the enamel 1o its original
condition.”’

According 10 TAYLOR et al..’ the use of 17%
ethylenediaminetetraacetic acid (EDTA) 1o remove the
smear layer, associated with the vertical condensation
of the filling material, will cause a cumulative effect
on the reduction of coronal leakage.

Once the endodontic treatment is concluded, it
becomes mandatory 1o “protect” the canal against a
possible leakage, with the aim of ensuring a favorable
environment, where repair can be obtained and
preserved.

ROGHANIZAD and JONES* suggested an
amalgam coronal seal in the canal entrance
immediately after endodontic treatment. The authors
came to the conclusion that when a 3-mm thick layer
of amalgam was placed in the canal opening, only 3.6%
of the teeth presented total leakage after having been
submitted 1o thermocycling and dye infiltration,
According to the authors, this corenal seal prevents
microleakage, extending the time interval until a
definite restorative treatment will be initiated, The
placement of this seal should not prevent the delinite
restoration of the tooth, On the other hand, we should
consider the kind of material to be used, so as o the
facilitate its removal when preparing the canal to
receive posts.

Finally, follow-up visits are fundamentally
important, as patients are unable to identify leakage.
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Al this time, in addition to verifying the periradicular
status, practitioners should make sure that no leakage
is present due wo deficient restorations.

COMCLUSIONS

1)

2)

3)

4)

Many studhes have been developed (o evaluabe
coronal lenkage, using stains, radioisotopes, and
bacterial penetration parameters. Regardless of the
evaluation system used, a consistent finding of
such studies is that coronal leakage does occur -
the only differences are related to the degree of
this cecurrence.

Menther the materials nor the technigues used in
the obturation of root canals are capable of
promeoding the desired “hermetical seal,”

Although leakage may occur for short peniods of
time, it must be scen as a potential etiologic factor
in the failure of endodontic treatment. Once
leakage is found, endodontic retreatment must be
camied out,

Facing the possibility of leakage, definite
restoration of endodontically treated tecth must
be considered as a conclusive stage of reatment,
to be carried out without further delay.
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Abstract

We carried out a study i witrs 1o evaluate the quality of root fillings in which the
master cone presented the same taper number as rotary nickel-tianium instruments.
For this purpose, we selected 20 human teeth (10 siraight and 10 curved root canals)
divided into two groups, with the same amount of straight and curved roots. In group
A, root canals were instrumented using 0L.04 taper, and in group B, 0.06 iaper. Roo
canal filling was carried out by Lateral condensation without sealer. In group A, the
rool canals were filled using either 0.02 or 0.04 taper master cones; in group B, 0,02
i UOG taper master cones were used, Our results show thay 0,048 and 0.06 taper
yeelded optimal fillings and required less accessory cones in comparison to the more
traditional 0.02 taper. These differences were statistically significant.

Keywords: endodontics, roeot canal filling materials, guita-percha.
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INTRODUCTION

Recent advancements in endodontics, especially
with the new nickel-titanium instruments, have
resulted in changes in the speed and predictability of
root canal preparation. In comparison to the traditional
stainless-steel 0.02 mm taper, rotary instruments
Present the advantage of being available in different
tapers; more specifically, starting at the tip, the
diameter of the instrument increases 0,02 mir .er mm
of the active part of the file.

Currenily, there are (L04 and 0,06 taper rotary files
available for apical preparation. More recently, e
practice of using master cones with the same taper
number as that of nickel-titanium instruments has been
suggested. The advantage of this practice is that it
would require less accessory cones and consequently
result in faster lateral condensation, in addition to
ensuring solid obturation of the root canal and favoring
the use of thinner layers of cement.
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Our objective was to compare the number of
pecessory cones required to achieve a snug fit for the
master cone in the root canal; in this comparison, we
wsed 0002, 0004, and 006 taper cones and assessed the
percentage of space filled.

According 1o GROSSMAN,” gutia-percha concs
arg available in several different lengths and diameters,
Similarly, the taper of gulta-percha cones also varies,

BERGER? wrote that master cones are chosen
according to the compatibility of their size with the
surgical diameter of the apical third. Sizes should
correspond 1o those of the endodontic instruments
used. DE DEUS? indicated that the master cone is
initially chosen according to the instrument used in
the preparation of the canal and the working length.

Based on studies carmied out by FIGUEIREDO and
ESTRELAT on the diameter of points in the choice of
master cones, there is great importance in testing
whether the cone is fit at working length (which
depends on the diameter). Hence, the points whose
diameter size is closer to that of the last file or
instrument used in the apical third yield better results.

BORDIN? underscores that one of the difficultics
found in the practice of endodontic therapy is to
achieve a snug fit for the master cone when the apical
preparation is not well-delineated — due to the use of
inadequate technigues or instruments = thus giving rise
to shorcomings that may compromise the success of
the treatment.

According 1o BERBERT,' the cone should
penetrate the whole instrumented length of the canal,
and it should not be deformed nor exceed the length
when a small force is exerted apically. Also, the cone
should present a small resistance to removal from the
ro candal,

SIDNEY et al.'¥ posited that the testing of concs
should be carried out with visual, tactile, and
radiographic examinations. The visual examination
indicates whether the master cone penetrates the whole
mnstrumented length of the canal. The tactile
examination indicates adaptation of the cone o the
canal walls (tug-back). Finally, radiographic
examination is used o confivm the Gt

While studying the influence of apical preparation
on the achievement of a snug it for the master cone,
BORDIN? pbserved that it is obtained earlier in curved
than in straight root canals.

HABITANTE et al.'” showed that when the master
cone 15 fit, there 15 a significant reduction in the
marginal leakage in canal oblurations. This, in turn,
allows for better chances of a suceessful apical and
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periapical repair. Root canals whdse®obturations are
not fit present higher prevalences of leakage, thus
rendering the success of the treatment unceriain.

As to the preparation of curved root canals,
ESTRELA and FIGUEIREDO® underscored the
difficulty in qualifying and judging a well-prepared
canal. ESTRELA et al.® presented, in detail, a
technigue for cervical preparation that can be used as
an aliernative to overcome the influence of the apical
root curvature, The technique involves instrumenting
the cervical third in order to better standardize its final
form and to achieve better effectiveness in ils
preparation. The standardization is related to the need
for a well-delineated preparation, by iapering the
diameter apically, which would allow for better
adaptation of the obturation material, This alternative
wias compared 1o several other techniques and showed
satisfactory results in relation to maintaining o
continuously tapered funnel preparation and smooth
walls, and 1o being an casy technique.

BORDIN® emphasizes the imponance of achieving
smooth canal walls, even wall contours, and
continuous tapered funnel preparation when shaping
the root canal; moreover, the author emphasizes the
importance of preserving the apical foramen”s original
shape and position. The instrumentation of the apical
third should be aimed at achieving the most circular
shape possible, allowing for better adaptation of and
a snug fit of the master cone.

In relation to the most frequent shorteomings of
root canal preparation, such as the elbow and zip,
FIGUEIREDO et al.* showed that the stepback
preparation technigue is much more efficient that the
traditional technigue in avoiding such shoricomings
(especially the incidence of zip). The stepback
technique aims at achieving a continuous tapered
preparation and af preserving the original roof canal
shape and original position of the apical foramen; it
also yiclds a more hermetic obluration of the canal.

The current technigues for root canal preparation,
as well as the new instruments used, yield o more
precise, uniform tapering and the use of master cones
of the same taper number as the instruments. Hence,
it would allew for a decrease in the number of
accessory cones necessary for canal obturation.

MATERIALS AND METHODS

Our study was carried out at the laboratory of
histology of the Dental School at Universidade Federal
do Rio Grande do Sul, Porto Alegre, Brazil, We
selected 20 single-rooted teeth (10 curved, 10 straight
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roots) with lengths between 15 and 18 mm and whose
crowns were sectioned, The internal diameter of the
root canal was of the same taper number as files #10,
15, or 20.

Root canals were prepared as follows:

Group A: Five straight and five curved coanals
were prepared using 0.04 wper nickel-titanium rotary
files {Profile, Maillefer) in the crown-down technigue.
The working length was prepared up to ihe size of a
10 K-file (Dentsply), with canals penetrated into the
foramen. Using tweezers, the file was fastened to the
orifice of the canal, and the working length was
measured using a millimeter ruler; the file was
introduced up to 1 mm from the working length. Initial
crown-down enlargement was prepared with rotary GT
files running at 180 rpm, which was the standard speed
for all files, The GT files were not inserted o the
canal to more than 3 mm; the procedure was carried
out regressively using files #30, 25, 20, and, finally,
15, all with 0.12 taper. Next, lubricant was applied to
the canal, and size 40 files (Profile) were inserted
without stopping the rotation and with light touch: the
anatomy of the canal remained unaffected. The same
routing was followed for the subsequem file sizes,
regressively from size 35 w 150 IF file #15 did not
reach the full working length, the whole series was
repeated until that objective was accomplished. To
each file that reached the working length, two larger
files of subsequent sizes were added for the apical
preparation. A stainless steel hand file (K-file,
Denstsply ) #10 was used as a patency file. When files
were replaced, irrigant sodium hypochlorite was
delivered at 1.5%, and the overflow was suctioned with

an aspirator.

Group B: The same procedures were carried out
and the same variables were used, but one: a taper
0.06 file (Profile) was applied instead.

We carried out the master cone=NMing procedure
in both groups, testing whether the master cone was
it at working lengih and resistant to iraction for
removal from the root canal. We applied 0.02 waper
cones (traditional) in controls; in groups A and B, 0.04
and 0.06 aper cones were applied, respectively.
Accessory cones (Dentsply) were added to the fit
master cones until there was no space left for other
cones in the rool canal. The teeth were then
radiographed in a mesio-distal plane for straight roots,
and in a bucco-lingual plane for curved roots. The
equipment (Sens-A-Ray) was placed at a 10-cm
distance, and we used 0.1 second as the exposure time.
The digital images were stored in a file. Once image
quality was verified, the cones were removed and the
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procedure was repeated wsing 0.08 taper cones
(controls).

Image brightness and contrast (20% and 30%,
respectively) were adjusted. A dental surgeon blinded
for group allocation evaluated the images.

We recorded the amount of accessory cones
necessary to fill the canal and the quality of the
obturation on a O o 10 scale, with cach valuc
corresponding to 10% of the total space in the canal.
More specifically, a score of 6, for example,
corresponded to approximately 60% of the canal filled

with abturation.

RESULTS

As shown in Table 1, o total of 21 accessory cones
were used for filling straight root canals with (.04 taper
instruments {(average of 4.2 Gccessory comes per
sample). When 0.02 taper cones were used in the same
rool canals, the toial number of accessory cones
reached 32 (average of 6.4 accessory cones per
sample).

As shown in Table 2, a total of 15 accessory cones
were used for Nilling siraight root canals instrumented
with 0.06 taper and master cone of the same number
taper (average 3 accessory cones per sample). When
0.02 taper master cones were used in the same root
canals, the total number of accessory cones increased
to 33 (average 0.6 accessory cones per sample).

Table 3 shows ihe average and standard deviations
for data from Tables 1 and 2, and the resuliz of the
comparison using Student’s t test, The differences in
averages were statistically significant (P<0.03).

Table 1.  Mumber of accessory cones used

Kool number Master cone laper

identification ACCessory cones
.04 002

1 5 )

2 7 11

3 2 5

4 3 4

5 4 5

Total 21 32
Averape 4.2 6.4
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Table 2. Tolal number and average of accessory Table 4. Tolal number and oterfigh of accessory
cones used for filling straight root canals cones used for filling curved rool canals
prapared with 0.06 taper instruments and prepared with 0,04 taper instruments and
using 0.02 and 0.06 laper moster cones using 0.02 and 0.04 loper moster cones

Root numilser Master cone taper Koot number Master cone taper
identification Accessory cones identification Accessory cones
0.06 0.02 0.04 0.02 :
1 4 o 1 4 {3
2 3 7 2 3 i
3 I 4 i 4 5
4 3 B 4 4 5
5 2 5 5 3 4
Trtaal 15 33 Tatal 18 26
Average 3 1.6 Average 3.6 5.2
Table 4 indicates that curved roots prepared with Table 5. Total number and averoge of occessory

0.04 taper instruments and master cone of the same cones used for filling cur-_.-ad rool conals

taper number required a total of 18 accessory cones prepored with 0.06 toper instruments and

{average of 3.6 accessory cones per sample). When using 0.02 and 0.06 taper master cones

0,02 taper master cones were used in the same root Root aumber Master cone taper

canals, the total number of accessory cones increased Identification Aceessory cones

tor 26 (average of 5.2 accessory cones per sample). 0% e

. : 1 7 I
Table 5 indicates that curved roots prepared with 3 3 5

0.06 taper instruments and master cone of the same 3 3 6

numbser taper required a total of 19 accessory cones 4 3 7

(average of 3.8 accessory cones per sample), When 5 4 7

0.02 taper master cones were used in the same root

canals, the wial number of accessory cones reached Total % =

35 (average of 7 accessory cones per sample). Average 3.8 7

Table 3. Comparison of overage and stondord deviation of accessory
cones used for filling straight root conals prepared with 0.04
and .04 taper instruments ond using 0.02, 0.04, and 0.06
taper master cones (Mudent’s | test)
Preparation Master cone taper P
0.0z [N LM
average£SD  averagesSD  averagesSD
0.04 6.4+2.79 421,92 - 0.02
004 6.6£2.07 - 3158 (L004
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Table 6 shows the average and standard deviations
for data from Tables 4 and 5, and the results of the
comparison using Student’s test. The differences in
averages were statistically significant (P<0.016 and
P00

Table 7 shows that the total difference inthe flling
of straight root canals prepared with 0.04 wper
instruments was +6 in the comparison of the use of,
first, 0.04, and next, 0,02 wper master cones in the
spme rool canals,

Table & shows that the wtal difference in the filling
of straight reot canals prepared with 0.06 taper
instruments was +6 in the comparison of the use of|
first, 0.06, and next, 0202 taper master cones in the
sime root canals.

In curved canals, the total difference in the filling
of the canals prepared with 0.04 wper instruments was
43 in the comparison of the use of, first, 0.04, and
next, .02 taper master cones in the same root canals,
as shown in Table 9.

I8N 141347059

Table 10 shows that the ol difference in the
filling of curved root canals instrumented with 0.06
taper was +1 in the comparison of the use of, first,
0,06, and next, (L02 waper master cones in the same
rool canals,

The results of our analysis of variance indicate
that the taper used was important for the two variables
measured {total number of accessory cones and
percentage of space filled). The resulis indicate that
different tapers yield different results,

As to the variable related to the number of
accessory cones, we observed a difference only in
relation 1o the taper number. As shown in Table 11,
the greatest number of accessory cones was required
for 0,02 taper master cones in the group of teeth
prepared with 0,06 taper instruments. The smallest
number of accessory cones was required for 0,06 taper
master cones in tecth instrumented with the same taper
number. Comparison of other instrument and master
cone tapers yielded intermediary results, according to
the Tukey test.

Table 6. Comparison of overage ond stondard deviotion of accessory
eones used for filling curved root canals prepared with 0.04 and
0.04 taper instruments ond using 0.02, 0.04, and 0.06 taper
master cones [Sudent’s 1 asi)

Preparation Maoster cone laper P
002 .04 0
averagex50D  averapesSD  averagesSD
0.04 5.20.84 3,620.55 - 0.016
LA T+ 1L.ET - 18092 o (.0

Table 7. Filling score of straight root canals prepared with 0.04 taper
instruments and using 0.02 and 0.04 toper master cones

Hoot mumbaer Master conc taper IhiMTerence in
identilication 0.4 .o filling score

1 0 3 +1

2 9 T +2

3 7 5 +2

4 8 7 +1

5 T 7 L

Tirtnl 37 3l +h
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Table 8. Filling score of straight root canals prepared with 0.06 loper
instruments and using 0,02 and 0.06 foper master cones

oot number Muster cone taper Difference in
ilentification .06 0,02 Tilling score

1 0 7 +2

2 7 4 +3

L) B 7 +1

4 i 7 +1

5 T ] -1

Total k) 3 +h

Table 9. Filling score of curved roct conels prepared with 0.04 toper

instruments and using 0.02 ond 0.04 loper moster cones
Kot numiber Master cone taper Dilference in
identification .04 002 filling score

1 ] 8 0

2 8 b 0

3 T ] =1

1 8 7 +1

5 10 T +3

Total 41 38 +3

Table 10. Filling score of curved root conals prepared with 0.06 toper
instruments ond uging 0.02 and 0.06 taper master cones

Roat numbor Masler cone laper DNilTerence in
fdentification 0.0 0.0z Milling score

1 B B i

2 ] B Q

3 ] B 1]

4 0 8 +1

5 q o 1

Total 42 41 +1

Table 12 shows that, according to the Tukey test,
the taper number used and the type of root canal
{straight or curved) were important for the resulls of
percentage of space filled. Curved root canals always
presented @ greater percentage of space filled in
comparison with straight root canals. The highest mean
of space filled was observed for root canals prepared

with 0,06 taper instruments and whose master cone
wias of the same taper number. The lowest average
was observed for root canals prepared with 0,04 taper
instruments and whose master cone was of 0,02 1aper.
Comparison of other instrament and master cone tapers
yielded intermediary results,
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Table 11. Comparison of averages of occessory cones wsed for filling
straight and curved root conals prepared with 0.04 and 0.04
faper instruments and vsing 0.02, 0.04, and (.06 foper moster

canes [Tukey's fesi)
Rools (L0 Eaper (L06G taper
Master cone taper Master cone taper
i 0.0z L0 0.0z
Straight 4.2 6.4 3.0 6.6
Curved 3.6 5.2 38 T.0
Average 3gm 5.5 3ae 6.8

Mambors with the same superscrpt feiter do not differ according fo Tukey's best at a 5% probability.

Table 12. Comparison of percentoge of spoce filled vsing 0.02, 0.04, and
0.04 taper moster cones according to occassory cones, straight
and curved cones prepaned with 0.04 ond 0.06 taper instrumeanis

(Tukey's fest]
Roats L0 taper .06 taper
Master cone taper Master cone taper
0.4 0.0z 0.0H 0.0z
Straight 74 62 T8 66
Curved B2 76 B4 B2
Avernge Tab (i B1® 748

Avverages with the same letier in tBe cell do not dilfer acconding B0 Tekey™s 1081 al 5% probahbiliy.

DISCUSSION

The advancements in endodontics, especially with
new nickel-titanium rofary instruments, have given rise
o a series of changes in therapeutic procedures ancd
endodontic materials.

The classical idea of instrument standardization
has been abandoned. In other words, the
standardization of tapers suggested by the Intermational
Standards Organization (I50), in which a 0.2-mm
increase is suggested for every subsequent millimeter
(0.02 taper cones) applies only (o stainless steel
instruments. Nickel-tilanium instruments, due to their
great elasticity, produce files with increased tapers and
without any loss in safety, 882

Root canals, traditionally prepared manually, can
thus also be prepared uwsing engine-driven rotary
instruments that allow 360-degree rotary movements,
As a result, these instruments allow for more cone-

like preparations, which, in tum, allow for an easier
introduction of the obturation. These instruments also
respect the most critical part of the endodontic
treatment, namely, the apical region:® they cause less
debridement in the apical region, and a more effective
debridement in the cervical region. In addition, the
most important advantage is that the preparation is
better centered, even in curved root canals, thus
resulting in a smaller incidence of shorcomings, such
as zip and other undesirable changes.

Though the new method for root canal shaping
has been used for approximately one decade in
endodontics, only recently did the adaptation of
oburation o this new reality catch the atlention of
professionals. The changes in the taper of gutta-percha
cones resulted from the fact that endodontic
professionals noticed that a greater number of
ACCESSOTY CONES wis necessary when using the lateral
condensation technigque to obturate.
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The concern with the adaptation of the cone to the
preparation was based on whether the instrament taper
would actually determine the final shape of the root
canal. Clearly, the anatomic particularities of root
canals* often require the use of particular obturation
strategies for each patient. For example, there is a well-
known technigue that applics rolled cones 1o better
adapt the master cones to the obluration of wide and
large-volume root canals. The use of this wechnigue
corroborates the need o better fill the root canal,
reducing the use of accessory cones.?

In our study, the analysis of variance indicated that
the taper was important for both variables measured
(number of accessory cones and percentage of space
filled). This indicates that different tapers yield
different results. The asscssment of our results showed
that the new cones, with the same taper number of the
instruments used, not only render a better filling of
the root canal but also require less accessory cones.
Thas, in turn, leads to a faster and more reliable
obturation.

Some aspects presented in the literature are also
worthy of mention. The choice of both straight and
curved root canals resulted from studies reporting that
rodary instruments were of great value, especially for
curved root canals.® Good preparation of straight
canals was obtained with both new and more
traditional 1echniques.

Other authors were concerned with verifying
whether the same taper instrumented in straight root
canals could be instrumented in curved canals.® The
inherent difficulties of working with curved canals may
result in cutting the dentin and thus in an inferior taper
when compared to that of a straight canal.
Consequently, this would represent an extra difficulty
for the adaptation of the cone. However, ESTRELA
and FIGUEIREDO? showed that this is not the case:
on the contrary, the authors observed that cones
insented in curved root canals were better adjusted than
those in straight root canals.

It is important o mention that we X-rayed the
straight roots in a mesio-distal plane and the curved
roots in a bucco-lingual plane, These two different
planes were used due to our concern with examining
the most critical pant of the canal: the apical region.
Curved roots and their preparation could not be
observed in a mesio-distal plane, since most of the
roots and preparations would not appear in the
radiographs. Conversely, in the case of straight root
canals, the mesio-distal plane favored the imaging of
most of the canal’s diameter: this allowed the
examination of spaces that would not appear in a
buceo-lingual plane.

IS5N 1413-47990

Another aspeet that deserved atfertion is the use
of digitized images. These images can be enhanced in
terms of contrast and brightness — conventional
radiographs cannot be changed. In the latter case,
image quality depends on the development of
radiographs. The wse of an avtomated image
processing technique would discard this vanable in
the assessment of images. In our study, all tooth
samples were submitted to the same exposure lime
and examined through images presenting the same
contrast and brighiness, which rendered the job of the
evaluator easier in terms of being able to clearly
examine cones, the dentin, and the space between the
two,

We were able 10 score the quality of root canal
lillings; this favored the quantitative assessment
carried out in the study,

We would have achieved a better filling of spaces
if teeth had been oblurated with cement in addition o
the cones. However, our objective was to asscss the
space filled by cones, and not the final result of root
canial obwrations. It 15 understood that less cement
and more cones render a better sealing of the root
canal,” In addition, if endodontic cement were Lo be
used, it would have been impossible 1o repeat the
procedure on the same tooth samples, thus reducing
the number of variables in the study,

All cones used presented fit when tested for
pressure and traction exerted apically. This is in
agreement with an important premise in the
literature, ™' and indicates that none of the groups
were favored in the siuedy.

Cur most important results are the redection in
the number of accessory cones and a greater
predictability regarding the root canal filling. This, in
turn, makes it easier to carry out the lateral
condensation technique and offers an additional
advantage to the wse of rotary nickel-titanium
instruments, which, unmistakably, hold a prominent
position in endodontics in this new millenium.

CONCLUSION

Considering the methodology applied and the
results obtained, we came to the following conclusions:
1) There was a need for less accessory cones o fill

root canals prepared with 0.04 and 0.06 taper

instruments when compared to those prepared with

0.02 taper instruments.

2) The best results regarding quality of obiuration
were oblained with 0.04 and 0.06 taper cones in
comparison (o W02 taper cones,
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Abstract

The Thermafil technigue consists of the use of o carmier coated with plasticized
gutta-percha in root canals previously lubricated with a sealer. The abjective of
this study was to evaluate in virro the adaptation of the plastic carrier 1o the root
canal walls. For this purpose, 56 canine teeth were instrumented | mm short of the
apical foramen with the ARM technique, using #2, 3, and 4 Gates Glidden burs amd
K-iype files up io #50. Afterwards, the teeth were filled using Thermafil Endodontic
oburators, following the manufactorer s recommendations, Roo-filled tecth were
then maimained an 37 °C, L0009 humidity, for 7 days, The ieeth were cleaned, and
the moterial in contact with the root canal walls was observed with the use of a
stereomicroscope. The authors concluded that the toothffilling interface was
frequently occupied by the Thermafil plastic carrier in the apical third of the
abturation, and that the apical seal was achieved with the carrier in 27% of the

studied specimen.

Key words: Thermafil, gutta-percha, rool canal obluration,

INTRODUCTION

Gutta-percha is a2 material in the solid state, which
is most commaonly used for the filling of the root canal
system. A greal many techniques have been suggested
owver the years, in order to better adapt and fill the root
canal using this material.'"-'"1% In 1978, JOHNSON"!
described an innovative approach that eliminates the
necessily for adaptation of the master cone and the
use of aCcessory concs.

Some years later, an obturating system using the
technique deseribed by JOHNSON'" was introduced
with the name of Thermafil Endodontic Oblurators.
The principle of this echnique is the utilization of a
carrier of the same size as the last instrument used in
the apical preparation, coated with guita-percha in the
alpha phase. After the material is thermoplasticized

by means of specific equipment, the canal is filled
with scaler and the set is insened into the root canal in
a single movement, with strong apical pressure,
transporting the gutta-percha as far as the working
length previously established. "2

The manufacturer considers that, when used
correctly, this technique can provide a fast, dense,
homogeneous, and three-dimensional filling of the rom
canil .u:.r:tf;m'?, BEATTY ct al.! observed that apical
leakage is significantly less with Thermafil than with
the lateral condensation and single cone technigques.
HATA et al.* and DUMMER? failed to confirm these
findings, demonstrating that there s no significant
statistical difference in the apical scal provided by the
lateral condensation and Thermafil techniques,
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Questions have been rised, however, about the
possibility of gutta-percha becoming dislodged from
the carrier during the exccution of this technigue, thus
compromising the quality of the filling.'"™'*!3 Me
MURTREY et al.,'® observing the leakage of dye in
curved canals ohivrated using this system, related that
in around 30% of studied cases, the metal carrier
seemed o be uncovered in the middle third of the root
canal, JUHLIN et al.'* confirmed these findings when
eviluating the filling provided by the Thermafil system
in curved canals simulated in resin blocks.

Given these doubts, the ohjective of this study was
1o evaluate in vitre the adaptation of the Thermafil
plastic carrier (o the root canal walls, using the
irrigation technigue.

MATERIAL AND METHODS

Fifty-six human canines with a single root canal,
checked by radiographs, were selected for this study,
The teeth were stored in saline solution until use. Afier
pre-surgery x-ray, conventional access preparations
were performed, and a #1535 K-type file (Maillefer,
Switzerland) was introduced into the root canal until
the tip of the instrument was visible at the radiographic
apex. The working length was established by
subtracting | mm from this measurement. The canals
were prepared for obluration using K-type hiles
(Maillefer, Switcerland) and Gates-Glidden burs
(Maillefer, Switzerland) #2, #3 and #4, using the
dymamics of the aliernated rotary motions technigue
{ARM), as described by SIQUEIRA Jr.'* Apical
preparation was done at working length with a #50 K-
iypee file (Maillefer, Switzerland). Irrigation with water
was performed at each change of instrument. After
preparation, the root canals were irrigated with 17%
ethylenediaminetetraacetic acid (EDTA) (Herpo
Produtos Dentines Lida., Brazal) and 2.5% sodium
hypochlorite (Johnson, Brazil) to remove the smear
layer.

Obturator size was confirmed using the appropriate
Siee Verificatnon Carrier, which went (o lengih with
no significant resistance or twisting. The root canals
were then dried with paper points, and Sealer 26
(Dentsply, Brazil), mixed according to the
manufacturer's instrections, was placed 1 mm shon
of the working length with a #55 K-type file (Maillefer,
Switzerland), A #50 obturator, which hsd been heated
in a ThermaPrep oven (Tulzn Dental, Tulsa, USA) for
aminimum of 5 minutes, was inserted with firm apical
pressure tothe previously determined working lengih.

155N 141 3-479%

Following insertion, the shaft of the chrfer was severed
amd the gutta-percha compacted, as recommended by
JOHNSOMN.'?

The access openings were scaled with Coltosol
(Vigedent S.A. Inddstria ¢ Comércio, Brazil) and the
tecth stored in 100% humidity at 37 *C for 7 days (o
allow the sealer o sct. The openings were then cleared,
as described by SANTA CECILIA et al.'® Analysis of
obturation was performed through visual reading of
the samples, using a stercomicroscope (100 X, Inlay,
Mexico), which had been previously calibrated, and
by two independent evaluators. The component of the
Thermafil system in contact with the walls in the
cervical, middle and apical thirds of the root canal
wis observed, as well as that present inthe | mim apical
segment. Data obtained from the different sources were
compared, and no contradictions were found.

RESULTS

The results obtained from observation of the
adaptation of Thermafil components to root canal walls
are shown in the Table 1. According to this data, it
can be observed that the distribution of material =
gutta-percha, plastic carrier or sealer - was relatively
uniform in the cervical and middle thirds of the root
canal. In the apical third, however, the woth/filling
interface was frequently occupied by the Thermafil
carrier, which was identified in 43% of the samples
{Figure 1).

In no sample was the carrier completely uncovered
in any of the three thirds of the root canal. Guita-percha
andfor endodontic sealer could always be observed
covering all or part of this material (Table 2). Apical
seal in the 1 mm apical segment, however, was made
solely with the Thermafil plastic carmer in 279% of the
specimens studied (Table 3).

DISCUSSION

In the Thermafil technigue, plasticized gutia-
percha, together with the endodontic sealer, is
introduced into the root canal in a single apical
movement by means of a carrier.'? It can easily be
imagined that the pressure on the plasticized gutta-
percha would allow this material andfor the sealer (o
occupy the root canal system easily, and in greater
gquantity, However, this movement could also dislodge
the gutta-percha and sealer, leaving the tooth/filling
interface occupied only by the Thermafil carrier.
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Composed of polysulfone plastic, the Thermafil
carrier presents a certain rigidity, which prevents i
from adapting to the irregularitics of the root canal. It
seems correct (o say that in the areas where contiact
with the woth is made by means of the plastic carrier,
unsealed spaces will be present, and this fact, as
described in the literaiure, can compromise the long-
term suceess of the endodontic therapy.®?

Analyzing the results obtained in the present study,
it can be observed, as JUHLIN et al.'? and
McMURTREY et al."® had shown previously, that
there is 2 tendency for the gutta-percha to separate
from the carrier during the execution of this technigue
(Figure 1). Contrary to the observations of these same
authors, however, the apical third of the carrier was
the part most frequently exposed in our study, being
partially uncovered in 43% of the cases (Table 1). Itis
probable that the different methods used, the curvature
of the elements studied, the carrier type, the source of
heat used o plasticize the gutta-percha, and the

A

Ir.
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different skills of the operators cfifed conflicting
results,

It has been demonstrated that gutta-percha fills the
root system more effectively when in a plastic state.> 17
Comparative studies also show that thermoplastic
techniques provide a better apical seal and a denser
and more homogencous obturation when compared
to those provided by other techniques, such as lateral
condensation. ' >

In the present study, the radiographic evaluation
of the obturation of the root canal corroborates these
findings, in that no faulis in the root canal filling were
observed, However, the evaluation of the component
of the Thermafil system in contact to the roat canal
walls in the three thirds of the canal revealed that the
toothffilling interface was frequently (and
inadequately) occupied with the Thermafil plastic
carrier (Table 1). The carrier was never completely
uncovered in any of the three thirds of the reot canal,
and was always at least partially covered by gutta-
percha andfor sealer (Table 2).

Figure 1. Regions of exposure of the Thermafil plastic carrier in the roat canal
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Table 1. Materials present in the tooth/filling interface

Third of root canal P'lastic carrier Gutlaspercha Sealer
(%) (%) (%)
Cervical 21 10k 54
Mliakclle o) 104 58
Apical 43 bt 45

Perceniages div mod adkl up so 100 Bocause mose ihan one material may be presest in cach third of a 100k,

Table 2, Coveroge of Thermaofil plostic carrier in the three thirds of the root canal

Thire of root canal Completcly Partially Completely
covercd® (96) covered® (%) uncovered (%)
Cervical T 21 L]
Melicldle T3 27 {l
Apical 57 43 0

* [by gutta-porcha andfor endidontis sealer,

The 1 mm apical segment was sealed only by the
Thermafil plastic carrier in 27% of the studied
specimens (Table 3). Given that the physical
characteristics of the carrier do not allow it to fill in
the iregularitics present in the apical region of the
roat candl, this finding leads us to believe that the
apical seal would be inadequate in these cases, This
rate of dislodgment of gutta-percha and root canal
sealer in the apical segment may be responsible for

Table 3. Evaleolion of the material present in the 1
i apical segrment

Obturaior material in 1 mm apical scgment

Flastic carrier 210
Gutta-percha 3%
Endodontic sealer 34%

the higher apical dye leakage reponted by some authors
when using the Thermafil system 341415

In recent studies, HATA et al.™* demonstrated that
the utilization of Thermafil combined with an
cndodontic sealer provides an adequate apical seal. In
this study, this situation was not observed. However,
when the sealer does not impede the coronal
dislocation of gutta-percha and lead to inadequate
contact between root canal walls and the plastic carrier,
i1s use seems o be advantageous,

The findings of the present study indicate that the
Thermafil system, in spite of being a fast and simple
method, is not safe for the filling of the root canal
system, because the tooth/filling interface is frequently
occupied by the carrier. Another technical problem is
that, although the dislocation of guita-percha and the
endodontic sealer from the apical portion of the carrier
is a common event, the professional has a false x-ray
impression of a hermetic filling. Consequently, this
technique has serious limitations, and new siudies must
be undertaken to improve it.
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Abstract

“The aim of this in vitro study was to evaluate the effect of a number of irrigation
regimens on the apical seal. The canals of 60 single-rooted conines were prepared
under copious irrigation in ene of six experimental groups. Three imgants were
used, both alone and in conjunction with of 1 minute of ultrasound treatment, as
fiollows: group [ (1.09% NaOCy; groap 1 1L0% NaOCH ples ultrasound ), group 111
(0.12% chlorhexidine gluconate); group IV (0.12% chlorhexidine gluconate plus
ultrasound); group ¥V (2.0% chlorhexidine gluconame) and group VI (2.00
chlorhexidine gluconate plus ulirasound). All specimens were oblurated, subjected
1o dye infiliration and then sectioned longitudinally. Lower levels of lenkage were
found in groups VI, V and 1V, but the differences were not statistically significant
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AS AN ENDODONTIC IRRIGANT ON THE APICAL SEAL

P, 0050,

Key words: chlorhexidine, ulisasound, irrigants.

INTRODUCTION

One of the primary aims of endodontic treatment
iz 1o remove all debris from the root canal system, so
as o produce a smooth surface prior to placing a root
canal filling. This is usually achieved by a combination
of mechanical instrumentation and irrigation.' It is
known, however, that the prepared canal surfaces are
covered by an amorphous layer of debris known as
the smear layer.® This layer is produced by the reaming
action of instruments on the dentin walls and the
dissolving effect of the irrigating solution, The smear
layer can be eliminated or at least reduced with the
use of chemicals such as ethylenediaminetetrascetic
acicd (EDTA)Y The influence of the smear layer on
the sealing ability of root canal obturation is

controversial, but when it is eliminated chemically,
results show a significantly larger number of filled
lateral canals® and a greater penetration of scaling
materials into dentinal wbules, '™

It is, however, impossible to clean the pulp space
of all tissue debris and bacteria.” In view of this, it
would seem advantageous o have for endodontic use
a therapeutic agent with a broad antibacterial spectrum,
minimal toxicity, and possible residual, long-term
antimicrobial ability. Chlorhexidine has been shown
to meet these general criteria.? Previous studies
comparing 0.2% chlorhexidine with sodium
hypochlorite produced uncerzain results > With 2.00%
chlorhexidine, however, the numbers of post-irrigation



ERAZ ENDOD J 5 {142), 2

positive cultures and of colony-forming units in
positive cultures were lower than those obained from
tecth treated with 5.25% sodium hypochlorite.®

The purpose of this study was to compare the
sealing of obturated root canals irrigated with
chlorhexidine gluconate (0.12% or 2.0%) and with
sodium hypochlorite (1.0%), both alone and with the
aid of ultrasound treatment.

MATERIAL AND METHODS

Sixty freshly extracted single-rooted human
canines were used in this study. Conventional access
wis prepared through the crowns, and the pulp tissue
was removed with an H-file whenever possible. A size
20 K-file was passed into the canal, and working length
was visually established 1.5 mm short of the length at
which the file tip appeared at the apical foramen. The
teeth were divided into six groups of 10 weeth. Each
group was prepared according o a different irrigation
regimen, as detailed below, which was used throughout
the instrumentation procedure. The canals were
instrumented with K-files up to size 50 at the working
length and were flared throughout the entire filing
process by a circumferential filing action. Copious
irrigation was performed between each file, the
selution delivered via a hypodermic syringe and a 30
x 5 needle.

The irvigation regimens were as follows, For group
I (109 NaOCl), the canals were irrigated with 1.0%
NaOCl solution between each file and as a final flush,
Far group 11 (1.0% NaOCl + ultrasound) the canals
were prepared and irrigated as in group 1, with the
addition of ultrasound treatment after hand
instrumentation. Ultrasound irrigation was performed
using a size 20 ultrasonic file in an ENAC system
{Dsada Medical, Co., Japan), without the flow-through
irrigation system. The canal was filled with 1.0%
NaQCl solution and the ultrasonic file was placed into
the canal at working length without touching the canal
walls, so that it could vibrate freely. The ultrasonic
file was activated at power selling 3 for intervals of
15 seconds. Between each interval, the canal was
flushed by introducing the irgation needle into the
canal as far as possible without binding on the canal
walls. The canals were then re-filled with 1.0% NaOCI
solution, This procedure was repeated four times, so
that the total ultrasonic irrigation time was 1 minute.
For groups 111 and IV, the same procedures were used
as for groups 1 and 11, respectively, except for the fact
that the irrigant was 0.12% chlorhexidine gluconate
(Periogard, Colgate Palmaolive, Sio Paulo, Brazil). For
groups ¥ and VI, the same procedures were again used,
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except that the irrigant was 209 Shlorhexidine
gluconate (Farmalabor, Baury, 530 Paulo, Brazil).

After the final irrigant Mush, the canals were dried
with paper points. Root canals were obturated with a
size 50 gutta-percha point (Tanari, Sio Paulo, Brazil)
and zine oxide-cugenol sealer using a standard method.
The external root surfaces were coated with three
layers of nail polish. Immediately after preparation,
cach group was immersed in 2.0% methylene blue, at
37 °C, for 1 weck. After this time, the rools were
sectioned vertically, and the deepest dye penetration
point was recorded with a measuring microscope
{Mikon, Osaka, Japan). A Kruskall-Wallis analysis was
performed o evaluate sttistical differences between
the experimental groups,

RESULTS

The mean and standard deviation of dye
penetration measurements for all groups are shown in
Table 1. Table 2 shows the results of the Kruskall-
Wallis test. Although group I (1.0% NaOCI) presented
the highest infiltration by methylene blue
(5.3748 mm}, and group V1 (2.0% chlorhexidine
gluconate + ultrasound) presented the lowest
(2.9415 mm), the differences in length of apical
leakage between the six groups were not statistically
significant (P={0.05),

Table 1. Exent of apical leakage {mm)

Giroup [} Mean 5D
| [ [1] 5348 2. 16564
1 1] 4,132 197310
1] {1 4658 I.BGSGD
v i 37148 150141
v in 36285 149501
VI 10 28415 117428

Table 2. £ score and mean score of the experimental

groups

Giroup Z scores Mean score
Group I 373 5748
Group 11 274 4, 1320
Ciroups TT1 340 46908
Group IV 29.7 3.7148
LE TR 8.0 3.6285
Group VI 21.0 2.9415

Hepig = LLOT (5%); o, = 7672035 {mo significance P=0005)
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DISCUSSION

The use of irrigating agents which act on the
dentinal surfaces to remove the smear layer tends o
favor the apical sealing of endodontic fillings. " EDTA,
particularly, has been preconized for this purpose.**
Several other substances, including chlorhexidineg,
have also been employed in the biomechanical
preparation of root canals. Chlorhexidine is a cationic
detergent which can be prepared in the form of several
salls, including acetate, hypochlorite, and gleconate, !
Microbiologically, it has an immediate action and a
mediate action known as substantivity. JEANSONNE
and WHITE® observed positive culture reduction
immediately and 24 hours following the use of 5.25%
MNaOCl or 2.0% chlorhexidine gluconate, with no
statistically significant difference between the
effectiveness of the two substances. RINGEL et al.'?
observed a higher efficiency for 2.5% sodium
hypochlorite when compared to 0.2% chlorhexidine
gluconate. Comparing concentrations of 0.2% and
2.0% of both chlorhexidine gluconate and sodium
hypochlorite on dentin infected by E. faecalis, resulls
were shown to be similar for the same concentrations. '*
Similar results were obtained by PARSONS et 2.1
Chlorhexidine gluconate, however, acts basically at
the microbiotic level, Dissolution of material present
in the root canal is a recognized desirable action of
sodium hypoechlorite,' but this is questionable for
chlothexidine.

It appears that the cleaning effectiveness of
different irrigants is reflected in levels of apical
marginal leakage after endodontic obturation.
Although no significant siatistically differences
(P=0.05) were observed between the experimental
groups in the present study, the average infiliration
was lower in the groups that employed 2.0%
chlorhexidine gluconate, either aided by ultrasound
(group V1) or alone (group V), and 0.12%
chlorhexidine gluconate with ultrasound (group IV).
The resulis produced the following descending order
of effectiveness:

Croup VI: 2.0% chlorhexidine gluconate and
ultrasound,;

Croeenepr Ve

Crronepr IV

2.0% chlorhexidine gluconate;

0.12% chlorhexidine gluconate and
ultrasound;
Creenepr (02 0L 12% chlorhexidine gluconate;

Group iI:  1.0% sodium hypochlorite and

ultrasound;

Growp I: 1.0% sodium hypochlorite.

I5EN 141 3.4709%

LEONARDXY reports that catiorfic fetérpents tend
to produce deposits on the dentinal walls because they
are negatively loaded. Hypothetically, being a cationic
detergent, chlorhexidine gluconate would deposit on
the dentinal walls, and would consequently add to the
marginal leakage in the root canal filling, acting
together with the debris at the interfaces. In fact,
marginal leakage in the groups that employed 2.0%
chlorhexidine was lower than in the sodinm
hypochlorite groups, PINTO,™ in a scanning electron
microscope study, found that the anionic detergent
Tergentol provided a greater cleaning action than
sodium hypochlorite, although the difference was not
significant. It can therefore be assumed that detergents
can present similar characteristics regarding the
retention of debris on the dentinal wall, regardless of
their electrical load. It has also been demonstrated that
the level of dentinal cleaning provided by Dhyquart
A (cationic detergent) is similar to that of Tergentaol,
and that both are superior o levels oblained with
Dxakin's solution, although the differences were not
statistically significant.?

With all the irrigants, the final wltrasound
application reduced apical leakage, suggesting that it
provides better cleaning than the purely manual
technigue. Superior cleaning is obtained with the
manual method followed by ultrasound. 1

Thus, assuming that lower marginal infiltration is
a consequence of better dentinal wall cleaning and
consequently better adaptation of the filling material
to the dentin, we belicve that chlorhexidine, due to its
substantivity, stability and safety,"® should be
investigated as an endodontic irigating agent at a
physical, chemical and biological level. From the
results obtained, we can conclude that 2.0%
chlorhexidine gluconate with final ultrasound, 2.0%
chlorhexidine gluconate alone, and 0.12%
chlorhexidine gluconate with final ultrasound are good
options for irgating root canals during biomechanical

preparation.
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Abstract

This study analyzes the number and shape of mesiovestbular root canals of upper
molars. The cervical, middle, and apical thirds of 21 roots were cross-sectioned and
analyzed using a metallographical PES A35 microscope (Union, Japan) the Histolopgy
Laboratory of the Dental Medicine School of Universidade Federal do Rio Grande do
Sul, Porto Alegre, Brazil. We observed that in the three thirds, most roots (61.9%)
presented one canal, and the non-round shape was predominant in the cervical (607%)
and middle (70.4%) thirds, while in the apical third there was a prevalence of the
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round shape (77.4%),

Key words: molar, root canals, morphology.

INTRODUCTION

Upper molars are usually considered a challenge
to dentists duc to their inappropriate position for some
specific procedures, in addition to their complex inner
anatomy.

The mesiovestibular roots are particularly
complex, since they present a accentuated distal
curvature, and most first molars have a second canal.
The presence of lateral, collateral and apical delta
canals in the mesiovestibular root contributes 1o the
occurrence of negative results in endodontic
treatments,

The clinical viewing of the second canal, which is
located in a palatal position in relation to the main
mesiovestibular canal, becomes difficult. Sometimes,
the search for those canals may result in root
perforations. According to some authors, in
approximately 80% of the cases, the second canal joins
the main canal in the apical region.>® However, this
finding remains controversial, since there are doubts
about the shape of the extremity of those canals. The
expected round shape is sometimes replaced with an
elliptic shape, as it is usually observed in lower
incisors.
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An accurate knowledge about the anatomy of
upper molars helps the dentist to perform endodontic
treatments and avoid the failure of surgical procedures,

Different authors do not agree regarding the
number of canals found in upper molar roots.
SLOWEY et al., mentioned by COHEM,? state that in
most cases, there are four canals, and two of these
canals are in the mesiovestibular root, On the other
hand, APRILI and FIGUN? report that 68% of the
cases have one canal in each root, and that 28% have
four canals, two of them in the mesiovestibular root.
PUCCI™ observed the presence of one canal in each
rool in 16.5% of the cases, with a wtal of four canals:
they also observed that two of those canals were
separated in the mesiovestibular root (25.5%) and two
were joined (519%),

IMURA et al.® mention WEINE, who has
classified the mesiovestibular roms as:

—  Type I: one canal for cach root,

= Type II two canals that join in the apex, forming
a simple root canal with one foramen.

= Type 1Lz two holes with scparated canals up to
the root end (on the canal of the mesiovestibular
roal).,

DE DEUS® stated that in most cases (70%), there
are two root canals, which are narrow and difficult 1o
access, In 32.8% of those cases, both canals were very
different and presented two foramens, while in 37.2%
of them, the canals joined at the apical third level,
forming only one foramen,

The second canal of the mesiovestibular root is
always smaller than the others, and it is often more
difficult to clean and mouwld. According to
LEONARDO et al.,'" the second canal is difficult 1o
be recognized through radiography, since one canal is
located in a vestibular position and the other one is in
a lingual position, which resulis in overlapped images.

DE DEUS® affirms that 55% of the second upper
molars have three separated roots, 10% have three
partially fused roots, 10% have three totally fused
roots, and 25% have two fused roois. That author also
states that 18.39% of the second upper molars have two
different canal with foramens, 20% have two canals
that join in the middle third of the root, and 11.7%
Join in the apical third of the rom.?

LASALA concludes that 50% of the mesial roots
present convergent canals (incomplete bifurcation)
with fusion of the canals in the apical area, since two
thirds of second molars have only one central canal in
the mesial roo.

ISEM 1414709

According to PICOSSE, ' severnd methods have
been used with the nim of studying the root canal. One
of them used longitudinal and cross-sectional cuts, amd
was later replaced with the abrading method using
pumice. This type of examination reveals the general
configuration of the coronary chamber and the root
canal. The radiographic method is another possibility.
The use of radiographs serves as an accurate auxiliary
to verify the shape, number and deviation of the pulp
canals.

The transparency method created by OKUMURA,
mentioned by FIGUN and GARING,” allows keeping
organic substance in the canals, which is stained with
India ink and gelatin, providing a clear contrast
between the content and the container.

ALANO et al..' confirms the great importance of
the transparency method for the purpose of viewing
rool canals. BIORNDAL et al.® employed X-ray
computed microtomography with tridimensional
reconstruction in order to verify the inner and outer
morphology of upper molars.

Regarding root shape, according to DE DEUS,*
in most the cases (54%), the mesiovestibular roo is
regularly curved to the distal position and wsually
presents two nasrow canals that join near the apex.

FACHIN® assessed the mesiovestibular canal of
the fiest upper molar by means of cross-sectional cuts,
highlighting the alteration in diameter caused by age.

Due to all these different findings, the aim of this
study was to assess the number and shape of the
mesiovestibular root in the cervical, middle, and apical
thirds of the first and second upper molars,

MATERIAL AND METHODS

The study was performed in the Histology
Laboratory of Universidade Federal do Rio Grande
do Sul, Porto Alegre, Brazil, by students of the second
semester of Denial Medicine,

First and second upper molars were studied.
Twenty-one tecth were identified with numbers from
I to 21, Teeth were extracted due 1o several reasons
and collected in hospitals, dental offices, and at the
rural labor union of Vacaria.

Teeth preparation involved the following
procedures:
= The mesiovestibular roots were cross-sectioned
longitudinally by means of a carborundum disk
and, afterwards, the remaining erown connected
to the root was extracted using the same disk,
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The roots were immersed in 1.5% sodium
hypochlorite for 24 hours in order to remove the
organic content from the root canal.,

On the second day, a solution with 10-volume
hydrogen peroxide was added o the hypochlorite
at a proportion of 1:1 for 20 minutes.
Effervescence allowed ihe dirt to be remowved.
Then, the teeth were washed in running water for
15 minutes and dried using crescent alcohol
solutions in the following concentrations: T0%
duwring 1 hour, 90% for 1 more hour, and finally, 1
maore hour with 90.6% alcohol,

Teeth were wrapped with gauze for a period of 4
hours in arder to dry up,

A rodamine B solution was injected by means of
an insulin syringe until the liguid content passed
through the apical foramen.

Teeth remained in the laboratory during 48 hours;
after this period, 2-millimeter cross-sectional culs
were performed (using the carburendum disk) in
the following portions: at 2 millimeters from the
entrance of the root canal, at 10 millimeters and 2
millimeiers before the apical foramen (apex).

Tahle 1.
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- The sections were magnificd by nveans of a PES
A35 metallographic microscope (Union, Japan),
with a 10x-magnification ocular lens containing a
millimetric scale, and & magnifying glass with 5x
magmhcation, telalizing a magnification of 50x.

Two aspects were analyzed: first, the number of
canals. The observer registered the exisience of one
or two identifiable canals and the root third of the
corresponding scction. Data collection was
quantitative. The second aspect refers to the root canal
shape, which was classified as round or non-round.
This item was registered in a qualitative manner,

RESULTS

The results are presented in Tables of absolute and
relative values.

According o Table 1, most teeth presented only
one canal in all the three thirds, Concerning shape
(Table 2), most of the teeth presented a non-round
shape in the cervical and middle thirds, while the round
shape was more common in the apical third.

Canal distribution according to number in the first and second

upper molors (Histalogy Loberatory, Universidade Federal do Rio

Gronde do Sul, 1999)

Third Mumber of canals
e Twao Three Total
Cervical 12 57.15% 0 42850 .
Midedie 15 71.42% 28.58% 21 1%
Apical 12 57.15% T 33.33% 2 453 21 1%
Table 2. Caonal distribution occording fo shope in the first and second vpper
miclars [Histalogy Loboratory, Universidode Federal do Rio Gronde
do Sul, 1999)
Third Mumber of consls
Cervical Middle Apical
Round 2 0% ) 29.46% 24 4%
Mon-round 5 B0% 19 70.4% T 226%
Tatal 30 1 27 | (D% 3l 100
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DISCUSSION

The study of the inner anatomy of root canals is a
subject that fascinates investigators, This becomes
evident when we analyze the proposal of BIORNDAL
et al.? related o the morphologic reconstruction of
rools using tridimensional digital images.,

Authors do not agree regarding the frequency of
roof canals in the mesial roots of upper molars, A
possible explanation for this controversy is the
population used for the collection of dental samples.
We should expect that general anatomic differences
found in different ethnic groups could also result in
alterations in the inner wpography of root canals.

However, the crucial aspect here seems 1o be the
difference among the methods employed 10 assess
roots, While DE DEUS® and ALANO' employ the
transparency method, OKUMURAY and PICOSSE!
use X-rays, PICOSSE" uses longitudinal cuts, and
BIORNDAL et al.? employ tridimensional digital
images. The method wsed in our study differs from
the techniques used by other authors: we employed
cross-sectional cuts in the cervical, middle and apical
thirds.

We intended to obtain segments from different
thirds in order to accurately assess each portion of the
canal, since the 50x magnification makes it easier 1o
view the canal when compared to an analysis
performed without the help of any magnifving tool,

The previous injection of rodamine B facilitated
the definition of the limits of rood canal spaces as well
as the correct evaluation of their shape. This is one of
the reasons why this study seems o have found
different molars when compared to other studies. '

We verified that the cervical third of the teeth
imvolved in this study presented one canal in 37.15%
of the cases. In the middle third, this percentage
increased 1o 71.72%, and in the apical third, the
percentage was the same as the one found for the
cervical third, A possible explanation for such a large
number of teeth with one canal is the fact that we did
not separate first and second molars, Other studies”
have pointed owt that second molars present only one
canal in 50% of the cases, and that in some cases,
these roots join other roots. Two canals were found in
the cervical third m 42.85% of the cases. Ths
percentage diminished to 28.58% in the middle third
and increased again to 42.85% in the apical third,
including two teeth that presented three canals in the
apical portion. This means that the root may begin
with two canals that join in the middle third and
become two again in the apical thind,

IS5HM 14134709

Actually, the differences fouwndgir cach tooth
surprised the authors of this study. We did not expect
o find teeth with three canals in the apical portion.
This could be explained by the formation of apical
deltn, which could have adivision of the same diameter
as the diameter of a root canal identified by the
microscope.

The didactical aspect of these findings consists in
the great difficulty that dentists have to face in onder
o appropriately prepare the root canal for endodontic
procedures. The bifurcation or even trifurcation areas
in the apex would hardly be touched by an endodontic
instrument. Thus, the chemical auxiliary would be in
charge of cleaning the root canal system, which
sometimes does not show satisfactory results,

Another remarkable aspect of this study concerns
the shape of root canals. A larger number of teeth with
a round shape was expected in the apical and middle
thirds. Twenty-four out of 31 canals were elliptic or
ovoid in the apical third. It is important to point out
that when two or three canals were present, these
canals were rownd. We would like to emphasize this
aspect because it leads to the following conclusion:
most of the time, the root canal system imposes some
difficulties. Those difficultics may be expressed either
by the number of canals or by the canal shape in the
apex, which can be different from the round shape of
the endodontic instrument, which makes the
preparation of the canal walls more difficult and allows
for the storage of dirt, with a potential danger to
develop bacterial colonies in the undercut.

This study does not close the discussion about the
anatomy of mesiovestibular roots of upper molars, It
presents an alternative evaluation that can be repeated
anel further investigated in other studies.

COMCLUSIONS

10 A greater incidence (61.9%) of weeth with one
canal was observed in the cervieal, middle and
apical thirds.

21 There was a prevalence of non-round canals (609%)
in the cervical and middle thirds, while in the apical
third, most canals were round (77.4%),

31 A great variety in the shape and number of canals
was found in the different thirds.
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