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Abstract

Successful root canal therapy requires a meticulous chemomechanical cleaning and shaping in order to obtain
a three-dimensional obturation of the root canal system. All materials recommended for root canal filling have
advantages and disadvantages and there is not a material or a method available so far that fulfills all possible
requirements. For instance, there is not a unique and generally accepted method, for the delivery of gutta-percha
to the canal. Filling the root canal with cold or warm gutta-percha without a sealer results in increased apical leakage
regardless of the obturation technique used. Studies dealing with the effect of different root canal sealers on apical
dye penetration after obturation with different systems are available, but their results remain controversial because
of the variability of the methods used to evaluate the different systems. This paper presents a detailed overview of
those studies (Dent. Med. Probl. 2005, 42, 1, 11-19).
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Streszczenie

Skuteczne leczenie endodontyczne wymaga skrupulatnego mechaniczno-chemicznego opracowania kanaléw korze-
niowych i takiego uksztaltowania, aby uzyskac ich wypelienie w trzech wymiarach. Wszystkie materialy zalecane
do wypelniania kanaléw majg zalety i wady, i dlatego nie istnieje omnipotentna metoda lub material w leczeniu en-
dodontycznym. Na przyktad nie ma jednej i powszechnie akceptowanej metody aplikowania gutaperki do kanatu.
Wypetianie kanatu zimng lub ciepta gutoperka, bez uzycia uszczelniacza, prowadzi do przepelnienia, niezaleznie
od zastosowanej techniki wypetniania. Wykonano wiele badan dotyczacych wptywu réznych uszczelniaczy kanato-
wych na wierzchotkowg penetracj¢ barwnika po wypetnieniu, lecz ich wyniki pozostaja kontrowersyjne z powodu
réznic metod stosowanych do oceny poszczeg6lnych systemow. Praca ta prezentuje szczegétowy przeglad tych ba-
dari (Dent. Med. Probl. 2005, 42, 1, 11-19).

Stowa kluczowe: anatomia zgb6éw, wypelnianie kanatéw, kondensacja, termoplastyka gutaperki, uszczelniacze.

The purpose of the endodontic filling is to
obtain a hermetic seal of the root canal using seal-
er materials with adequate biological and physico-
chemical properties, thus eliminating the risks of
infection or reinfection of the root canal system
[1]. To this end, the shape of the root canal filling
materials must be selected on the basis of a critical
evaluation of the presented evidence. All materials
recommended for root canal filling have advan-
tages and disadvantages and there is not a materi-

al or a method, available so far, that fulfills all pos-
sible requirements. Currently, the material of
choice to obturate the prepared root canal space is
gutta-percha, which has to be compacted and used
together with sealers. However, there is not
a unique, generally accepted, method for the deliv-
ery of gutta-percha to the canal. For this purpose,
four basic techniques exist: the cold compactation
of gutta-percha; the compactation of gutta-percha
that has been heat-softened in the canal and then



12

J.-A. GARCIA-MOLINA et al.

cold compacted; the compactation of gutta-percha
which has been thermoplasticized, injected into the
system, and then cold compacted; and the com-
pactation of gutta-percha that has been placed in the
canal and softened through mechanical means [2].

Filling the root canal with cold or warm gutta-
percha without a sealer results in increased apical
leakage regardless of the obturation technique
used [3]. Hence, the root-canal sealer has a crucial
importance with regard to the long-term results of
the root-canal filling, because a sealing material is
needed to adhere the gutta-percha to the root-canal
dentin and to fill irregularities [4].

A hermetic seal cannot be obtained without the
use of a sealer which forms a fluid-tight seal and
barrier between the dentin and gutta-percha api-
cally, laterally, and coronally. The dimensional sta-
bility of root canal sealers is relevant for an appro-
priate function of the root filling. For decades,
a number of different formulations of sealer cements
have been used in conjunction with gutta-percha
which has been considered the most adaptable and
compatible core material for root fillings [5].

Sealers comprise a heterogeneus group of
materials with different compositions. Many types
and brands of endodontic sealers are available
commercially, that can be classified according to
their chemical composition. There are sealers
composed by zinc oxide and eugenol based on var-
ious adaptations of Grossman or Rickert’s formu-
las [6]; epoxy resin based sealers, used for many
years with clinical success [7]; calcium hydroxide,
introduced in the 1980s to stimulate hard tissue
formation for apical closure [8]; and glass ionomer
based sealer which may be spontaneously bond to
dentin walls at the apex [9]. None of the presently
available materials satisfies fully the requirements
for an hermetic three-dimensional obturation of
the root canal system. Microleakage, whether from
an apical [10] or a coronal direction [11], remains
a clinical problem and a possible source of failure
[12]. It is defined as the passage of bacteria, fluids,
and chemical substances between the root struc-
ture and filling of any type.

The dimensional stability of root canal sealers
is relevant for an appropriate function of the root
filling. It is well known that microleakage between
the root-canal filling and root-canal walls may
adversely affect the results of root-canal treatment
[13]. Microleakage in root canals is complicated as
many variables may contribute, such as the anato-
my and instrumented size of the root canal, the
irrigating solutions, the root filling techniques, the
infectious state of the canal and the physical
and chemical properties of the sealer [14].
Dimensional changes of root canal sealers over
time may introduce gaps and channels along the

filling material and the tooth, which may be large
enough to permit microorganisms to pass along
the spaces. Positive controls in sealability studies
consist of obturation without a sealer, resulting in
extensive leakage [15, 16].

Several investigations have been carried out
with different methods to assess the mechanical
and biological properties of different sealers
[17-20]. As shown in Table 1 those studies
include: coloured dye penetration [21], bacterial
leakage [22], radiolabelled penetration [23], dis-
solution of hard tissue [24], clearing of teeth [25]
spectrometry of radioisotopes [26], electrochemi-
cal methods [27] and gas chromatography [28].
So many endodontic tests may be difficult to stan-
dardize [29] and the results are difficult to repro-
duce and compare [30]. The variety of evaluative
methodologies and their assessment parameters
are the major reasons for such disagreement.
However, leakage studies on the sealing proper-
ties of endodontic materials are important and
necessary.

A clear, reproducible, quantitative comparison
of obturating methods and, or, materials is valu-
able to the clinician in predicting the likely behav-
ior of the obturation. In view of the large number
of leakage studies published, it seems generally
accepted that the evaluation of the leakage of par-
ticles or solutions between a root filling and the
root canal wall is a suitable method to ascertain
whether a root canal filling fulfills its purpose
[30]. Therefore, the evaluation of the quality of a
root canal filling using leakage tests is still rele-
vant. For authors like Canalda-Sahli et al. [31], the
greatest value of the apical seal test is the ability to
establish comparisons between different tech-
niques and materials and that it is sufficient to
evaluate them in term. Scuurs et al. [32] conclude
that the value of many endodontic leakage studies
is limited because of the low power of the statisti-
cal tests applied, due to the fact that sample sizes
are too small.

The fluid filtration method is based on a liquid
which is forced through the sealer or within the
voids existing between the sealer, the dentin walls,
and the gutta-percha. Therefore the results may
follow the laws governing the phenomena of fil-
tration, such as the Poiseuille-Hagen equation, and
may be modified by factors like the applied pres-
sure or the measurement time [33]. For some
authors, fluid filtration studies present several
advantages over dye diffusion studies [30]. This
system, first described by Derkson et al. [34], was
then designed to evaluate the sealing properties of
temporary filling materials by Pashley et al. [35]
and was modified by Wu et al. [30] for endodontic
leakage studies. The results are automatically
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Table 1. Studies to assess the properties of different sealers

Tabela 1. Badania nad witasciwosciami réznych uszczelniaczy kanatéw korzeniowych

Authors N°samples | Sealer Experimental group Microleakage Year
(Autorzy) (Liczba (Uszczelniacz) (Grupa badana) measurements (Rok)
prébek) (Pomiar mikro-
przecieku)
Gilbert et al. 70 Roth 801 lateral compactation Thermafil bacterial leakage | 2001
vertical compactation dye penetration
Beatty et al. 80 Roth 801 single cone lateral compactation dye penetration 1989
Ultrafil Thermafil
Lares et al. 60 Kerr lateral compactation Thermafil dye penetration 1990
Oguntebi et al. 120 Roth 801 Sealapex | Thermafil dye penetration 1992
Lee Endofil
AH26 Ketac-cem
McMurtrey et al. 22 Roth 801 lateral compactation Thermafil dye penetration 1992
Dummer et al. 150 Tubliseal lateral compactation Thermafil dye penetration 1993
Gengoglu et al. 128 Grossman lateral compactation dye penetration 1993
Ultrafil Thermafil
Saunders et al. 144 Ketac Endo Thermafil lateral condensation dye penetration 1994
Bhambhani et al. 50 Thermaseal Kerr | Thermafil lateral condensation dye penetration 1994
Kytridou et al. 51 Sealapex Thermafil System B dye penetration 1999
Abarca et al. 22 Top Seal Thermafil lateral condensation dye penetration 2001
Gengoglu et al. 100 Kerr lateral compactation Thermafil dye penetration 2002
Quick-Fill System B
Schafer et al. 284 Roekoseal lateral compactation Thermafil dye penetration 2002
AH plus AH26
Boussetta et al. 64 Sealite regular Herofill lateral condensation dye penetration 2003
thermomechanical
Dalat et al. 79 AH26 single cone lateral condensation dye vacuum 1994
Thermafil Ultrafil tracing
vertical condensation
Yared et al. 90 Kerrs System B fluid filtration 1995
Pommel et al. 50 ? single cone lateral condensation fluid filtration 2001
Vertical condensation
Thermafil System B
Pommel et al. 36 Sealite Thermafil fluid filtration 2001
Baumgardner et al. 64 Roth lateral compactation Thermafil linear leakage 1995
lateral + vertical compactation volumetric
penetration
Haddix et al. 100 zinc oxide-eugenol | lateral compactation spectrophotometric| 1991
Thermafil Thermafil twist-off
recorded, thus eliminating any operator bias. The penetrated along the root canal obturation.

results are very accurate because the smallest
recordable volume is 1.92 x 10~ 1. In addition,
unlike the clearing studies [36], there is no modi-
fication of the seal because the measurements are
made directly after filling without dipping the
roots in acids, alcohol or methyl salicylate.
A major advantage of the method is the ability to
measure microleakage without destroying the root
specimens. Wu et al. [30], observed that data
obtained from the linear measurement of dye pen-
etration after longitudinal splitting or decalcifica-
tion and clearing of roots varied much more than
data obtained after cross-sectioning of the sam-
ples. They also emphasized that these methods did
not produce relevant and reliable semiquantitative
data, because these techniques did not provide any
information about the volume of the tracer that

Radioisotope labelling, and the bacterial leakage
method are less frequently used because they
require sophisticated materials. Because none of
them reproduces the complex mechanisms that lead
to a periapical infection, all of these techniques have
some value [37]. The electrochemical method is
based on the diffusion of ions through very narrow
spaces, and the outcome of this method likely
depends on electrical laws. Thus the lack of corre-
lation is not surprising because correlation implies
a phenomenon governed by electrical, filtration and
diffusion laws at the same time [38]. Pommel et al.
[38] compared three methods of evaluation of the
apical seal, each successively used on the same
teeth: a fluid filtration method, an electrochemical
method, and a dye penetration study. They reported
no correlation among the results obtained with three
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methods of evaluation. The dye leakage evaluation
is the most commonly used technique, probably
because this is the simplest method to carry out the
study. Roig et al. [39] showed that dye leakage stud-
ies are sufficiently valid, provided that the experi-
mental conditions are standardized, including the
type of dye used, the duration of sample immersion
in the dye solution, and the application or not of
thermal cycling procedures during the experiment.
The clearing technique facilitates the observation of
the relation between the sealing material and the
apical foramen. Even though there is no evidence
that demonstrates the amount of leakage a root
canal must exhibit before being clinically detrimen-
tal, some studies have shown that microleakage
adversely affects the success of root canal therapy
[40, 41]. Thus, the passage of microorganisms and
their toxins in the periradicular tissues can induce
inflammation in the periradicular tissues [42, 43]
and consequently reduce the success rate of the root
canal therapy.

The data available are sometimes not compa-
rable (see Tab. 2), making it difficult for the read-

er to build an opinion. Kazemi et al. [44] used
a volumetric technique to study dimensional
changes in sealers based on epoxy resin, zincox-
ide-eugenol (ZnOE) and silicone based material.
They found that the largest and most rapid dimen-
sional changes occurred with ZnOE-based sealers,
the least and slowest with the silicone-based mate-
rial. Smith and Steiman had compared the apical
seal of the Ketac-Endo® (Espe GmbH, Seefeld,
Germany) a glass ionomer root canal sealer with
three zincoxide-eugenol based sealers using lateral
condensation and found that Ketac-Endo® leaked
the most [45].

Some studies report the marginal seal of resin-
based cements to be superior to that of other
cements [46]. In contrast, other studies have
shown that a calcium hydroxide-based sealer
Sealapex® (Kerr Mfg. Co) provides a significantly
better seal than others, including resin-based
cements [47]. Ozata et al. [48] observed more
leakage in Ketac-Endo and significant differences
between Ketac-Endo and Apexit® (Vivadent,
Schann, Germany) a calcium hydroxide contain-

Table 2. Studies dealing with the effect of canal sealers on apical microleakage

Tabela 2. Badania nad wplywem uszczelniaczy kanatlowych na mikroprzeciek wierzchotkowy

Authors N° Samples | Sealers Microleakage measurements Year
(Autorzy) (Liczba (Uszczelniacze) (Pomiar mikroprzecieku) (Rok)
probek)
Miletic et al. 60 AH26, AH Plus, air bubble in a capillary tube 2002
Diaket, Apexit,
Ketac-Endo
Chailertvanitykul et al. 80 AH26, Apexit, bacterial leakage 1996
Tubliseal, EWT
Smith et al. 54 Ketac-Endo, Tubliseal dye leakage/clearing method 1994
(old formula),
Tubliseal (new formula),
Roth 801
Roig et al. 45 Apexit, Ketac-Endo, dye leakage/clearing method 1996
Sealapex, Endomethasone
Madison et al. 64 Roth, AH26, dye penetration 1988
Sealapex
Limkangwalmongkol et al. | 50 Apexit, Sealapex,
Tubliseal, AH26 dye penetration longitudinal sectioning 1992
Limkangwalmongkol et al. | 125 Apexit, Sealapex, dye penetration transverse sectioning 1991
Tubliseal, AH26
Saunders et al. 60 Vitrebond, Tubliseal dye penetration transverse sectioning 1992
Cobankara et al. 40 AH Plus, Roeko Seal, fluid filtration 2002
Ketac-Endo, Sultan
Wu et al. 240 AH26, Ketac-Endo, fluid transport 1995
Sealapex, Tubliseal
Haikel et al. 113 Sealapex, AH Plus, I-radiolabelled lysozyme 1999
Topseal, Sealite
Antonopoulos et al. 90 AH Plus passive exposure to India ink 1998
negative pressure to India ink
rhodamine B dye mixed with epoxy resin
Canalda et al. 150 Endomethasone, radionuclide detection technique 1992
Tubliseal, AH26,
Diaket, Sealpex, CRS
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ing sealer. Miletic et al. [49] used the fluid trans-
port model proposed by Wu et al. [50] and report-
ed that after 1 year, AH Plus® (Dentsply,
Konztanz, Germany) a sealer based on epoxy resin
and Ketac-Endo shows significantly better sealing
ability than Apexit, whereas AH26® and Diaket®
(ESPE, Seefeld, Germany) both epoxy resin root
canal sealers, show no statistical differences with
either sealer.

However, very few studies dealing with the
effect of different root canal sealers on apical dye
penetration after obturation with Thermafil®
Endodontic Obturator (Tulsa Dental, Tulsa, USA)
[51] or System B® (Analytic Endodontics, Orange,
USA) are available. Some materials like epoxy
resin sealers are antimicrobially active only during
the setting period, which is an interesting
approach. For a short period, residual bacteria may
be killed; in the long run, the material is non toxic,
leaving time for the surrounding tissues to heal
[52]. According to the manufacturer, AH Plus has
excellent sealing properties without the drawback
of the release of formaldehyde. The antibacterial
effect of AH Plus may be related to bisphenol
diglycidyl ether, which was previously identified
as a mutagenic component of the resin-based
material [53]. In an in vitro study, Almeida et al.
[54] observed that leakage with AH Plus was sig-
nificantly less than that with the ZnOE sealer (Fill
Canal®) as well as with Ketac-Endo. Greater mea-
sured leakage for sealers based on ZnOE com-
pared with epoxy resin-based sealers was also
found by other authors [46, 55]. When the perfor-
mance of different sealers was compared, it has
often been shown that AH26 performed better than
the other root canal sealers [56]. Those investiga-
tions of the mechanical and biological properties
of different sealers reflect the clinical interest in
these materials and the belief that the type of seal-
er used will influence the outcome of the endodon-
tic treatment. These studies, however, have shown
that the sealers permit some degree of microleak-
age and the extent of microleakage that can be tol-
erated while maintaining a successful therapy has
still not been established.

Several techniques of obturating root canals
with gutta-percha and root canal sealers have been
described. The development of predictable 3D
obturation began in 1967 when Dr. Herbert
Schilder described how waves of condensation,
the movement of thermosoftened gutta-percha and
sealer through a well-prepared root canal space,
could consistently fill root canal aberrations [57].
This technique requires a well-tapered and shaped
canal along with a proper master gutta-percha
cone. Hydraulic forces exerted during the com-
paction of the softened, warm gutta-percha and

sealer move the filling material throughout the
canal space and into accessory, lateral canals, fins
and loops. In an attempt to overcome the deficien-
cies of the cold lateral compactation technique,
several methods of providing heat have been
developed lately to soften gutta-percha.

In 1978, Johnson [58] described a technique of
coating a metal carrier with thermoplasticized
gutta-percha to obturate the root canal system.
This obturation technique became commercially
available under the name of Thermafil. The heat-
ing of the obturator is carried out into a special
oven with temperature and time control. The heat-
ed gutta-percha becomes thermoplasticised and
the obturator is then inserted into the root canal to
the working length. On insertion of the obturator,
the tapered plastic carrier allows the practitioner to
exert both lateral and vertical compaction forces
on the heated gutta-percha. The shape of the
repaired root canal is clearly of paramount impor-
tance. Nevertheless, it should be noted that less
coronal enlargement is needed with the Thermafil
technique than with other warm vertical gutta-per-
cha compaction techniques such as vertical com-
paction or System B®, which require more elimi-
nation of coronal dentine structure to allow the
prefitting of the pluggers. After the cleaning and
shaping have been completed, a verifier corre-
sponding in size to the last instrument used to the
working length is used to gauge the canal. The ver-
ifier should slide easily, without any contact with
the canal walls, and should fit passively in its last
1 mm, with soft friction at the working length. The
corresponding Thermafil obturator is then used to
achieve the obturation of the canal. This method
relies on the adjustment of the obturator silicone
stop at the working length to control penetration
and avoid overextension of the plastic carrier into
the periapical tissues.

The Thermafil obturator should be dipped in
a sodium hypochlorite solution for at least one
minute to ensure its decontamination. In the mean-
time, the canal is dried with paper points and the
root canal sealer is prepared. The manufacturer
recommends the use of the paste-paste epoxy
resin-based root canal sealer (Topseal®, Dentsply-
Maillefer; AH plus, Dentsply). Because of its rel-
atively fluid consistency, this sealer should be used
carefully and only in very small amounts. Thus, to
avoid extrusion of excess sealer in the periapical
tissues, only the coronal third of the canal is coat-
ed with a small amount of sealer using a paper
point. The obturator is then placed into the oven,
which allows homogenous heating of the gutta-
percha at the exact temperature. Heating time
varies from 15 to 45 seconds, depending on the
obturator size, and is regulated automatically.
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When the obturator is ready for use, it is pulled out
from the oven and inserted directly into the canal
using a low, firm and continuous apical move-
ment. As it moves apically, the diameter of the
tapered plastic carriers increase, thereby exerting
more hydraulic lateral pressure (wedging effect)
on the thermoplasticised gutta-percha and sealer.
The obturator is stabilized using light finger pres-
sure to limit shrinkage of the gutta-percha while
cooling. At that point, an X-ray might be taken to
ensure the placement of the Thermafil obturator at
the correct working length. The coronal gutta-per-
cha around the plastic carrier is compacted using
hand pluggers. The shaft of the obturator is then
cut off at the canal orifice using a Thermacut® bur.

The sealing ability of Thermafil system has
been evaluated in several in vitro studies reaching
variable conclusions [59-62]. The system seems
to provide a comparable sealing ability to cold,
warm or hybrid condensation of gutta-percha.
Thermafil has been reported to be superior to lat-
eral condensation with respect to the sealing of
and adaptation to canal walls [63-65] and to the
filling of lateral canals, as seen in Figure 1. It also
exhibits more apical leakage while using passive
dye penetration [66-69]. Haddix et al. [70]
showed significantly less leakage values with lat-
eral condensation than with Thermafil. Saunders
and Saunders [71] reported the sealing ability of
glass ionomer root canal sealer used in root canals
obturated by lateral condensation or Thermafil.
After seven days, there was significantly less leak-
age in the teeth obturated with Thermafil, but after
4 months, there was no significant difference in
leakage between the groups.

Da Silva et al. [72] have shown that all
Thermafil fillings produced overfilling with both
sealer and gutta-percha. However, being in vitro
observations in plastic canals, these results cannot
be regarded as directly representative of the clini-
cal situation. Moreover, resistance by the periapi-
cal tissues and tissue pressure in the in vivo situa-
tion may reduce the occurrence or the extent of
overfilling, although the exact effect of these vari-
ables is difficult to determine. Abarca et al. [73]
reported that dye leakage and apical extrusion
between Thermafil and lateral condensation tech-
niques were not statistically different.

A new instrument, System B® Heat Source,
was introduced to simplify the down-pack of
gutta-percha [74, 75]. System B has been
described as ‘“the continuous wave technique”.
Using a single master cone and a heat source, the
root canal is obturated by the softened gutta-per-
cha and sealer under pressure from the heated
plugger [76]. The System B heat source can mon-
itor the temperature at the tip of its heat carrier

Fig. 1. Thermosoftened
gutta-percha and sealer
consistently fills the
root canal and penetrate
into the lateral canals

Ryec. 1. Uplastyczniona
termicznie gutaperka

i uszczelniacz scisle wy-
petniaja kanatl korzenio-
wy i penetrujg do kana-
téw bocznych

Fig. 2. Transversal view
of a section obtained
from a uniradicular
teeth with System B.
No microleakage

in visible

Ryc. 2. Przekrdj po-
przeczny jednokorzenio-
wego z¢ba leczonego
Systemem B. Mikro-
przeciek nie jest wi-
doczny

devices and can, therefore, deliver a precise
amount of heat for an indefinite time. When this
electric heat carrier is designed to be a plugger as
well, the gutta-percha can be simultaneously soft-
ened and condensed. These pluggers are easy to
select for a given canal preparation because they
match non-standardized gutta-percha cones in
taper. It is also recommended that the pluggers are
to be used 4 to 6 mm short of the working length
[77]. Eventually, the heat is conducted to the tip of
the master gutta-percha cone. The main criticism
to this technique is that only a single, uncondensed
cone is present in the apical region to seal the root
canal apex. Pommel and Camps [78] showed that
System B was as effective as vertical condensation
and Thermafil. All those techniques provided an
effective apical seal that decreased slightly with
time. These results are consistent with those pub-
lished by Yared et al. [79] showing a constant
increase in microleakage with vertical condensa-
tion over time. Silver et al. [80] reported that
System B produce root fillings consisting of
> 90% gutta-percha, as is shown in Figure 2. In
terms of core/sealer ratio, Gengoglu et al. [81]
found Thermafil to have the highest total core con-
tent. Thermafil was significantly better than
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System B and lateral condensation. However,
another leakage study by Kytridou et al. [82],
determined that Thermafil demonstrated more api-
cal extrusion and leakage than the System B.

The warm gutta-percha techniques have much
to commend and undoubtedly the resultant root
filling appears to be homogeneous and, judging
from the radiographs, seem to fill the root canal

space appropriately. So far in vitro studies have
reported variable conclusions without answering
the main question. The major reasons for such dis-
agreement are the variety of evaluative method-
ologies and assessment parameters. This seem to
be the reason for the absence of evidence to how
which one of these techniques, Termafil or System B,
result in higher clinical success.
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