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Abstract: Apical leakage continues to be a topic of
great interest, because in spite of the advances in
Endodontics, clinical failures still occur. Most failures
are probably attributed to the proliferation of bacteria
that remain viable after chemical-mechanical
preparation and cause periapical tissue irritation.
Coronal leakage has aroused researchers’ interest over
the last few years, since canals may be re-contaminated
after loss of coronal sealing or fracture of the remaining
tooth. In this review, the various methodologies used
for assessing root canal sealing capacity are critically
analyzed, as they are not standardized, which makes
it difficult to compare the results obtained when
different methodologies are used, even though the same
substrate is being assessed. (J. Oral Sci. 48, 93-98, 2006)
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Introduction
Microorganisms present inside root canals may remain

active in the dentinal tubules even after vigorous chemical-
mechanical preparation. Thus, perfect apical sealing is
desirable to prevent the remaining bacteria and their
endotoxins from reaching the root apex (1,2). Apical
leakage is considered to be a common cause for endodontic
therapy failure, and is influenced by many variables such
as different filling techniques, the physical and chemical
properties of sealers and the presence or absence of a

smear layer (1,3). In coronal leakage, the canal may be
recontaminated in various ways such as contact between
the oral bacterial flora and root canal tubule inlets. However,
it most frequently occurs as a result of loss of temporary
filling, or inadequate endodontic filling or crown sealing
(4,5).

According to Timpawat et al. (6), endodontic sealers are
used to eliminate the interface between the gutta-percha
and the dentinal walls. Leakage may, however, occur at
the interfaces between the sealer and dentin, sealer and
gutta-percha and in spaces within the sealer itself. Thus,
the quality of the filling depends largely on the sealing
capacity offered by sealers (7,8).

Methodologies in vitro are used to estimate sealing
quality, generally by measuring microleakage that allows
the tracer agent to penetrate the filled canal. Commonly
used tracers are dyes, radioisotopes, bacteria and their
products, such as endotoxins. Bacteria used as tracers
most closely approximate what happens clinically in terms
of leakage (9-11). Other methodologies, such as fluid
filtration and dye extraction methods have also been used,
their main advantage being high reproducibility (1,12-
14).

The aim of this review was to critically analyze the
various methodologies reported in the literature for
assessing root canal sealing capacity. Apparently, they
are not standardized, which makes it difficult to compare
the results obtained when different methodologies are
used, even though the same substrate is being assessed.

Literature Review
Although there are many leakage studies, there is no

consensus about the endodontic sealer and core material
sealing capacities. One of the reasons is that investigations
do not use a standardized methodology and this frequently
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leads to contradictions (15,16).

Methodology that uses dyes
The methodology using tooth immersion in various

types of dyes (eosin, methylene blue, black India ink,
Procion brilliant blue, and others), reported for the first time
by Grossman in 1939, is perhaps most widely used, mainly
because it is easy to perform (16-20). The phenomenon
of capillarity is of utmost importance in this passive method
used mainly for assessing apical leakage, as the tooth
apex is submerged in the dye that penetrates through any
space between the canal walls and filling material (19).
Next, the teeth are sectioned longitudinally, transversely,
or cleared and the linear penetration of the dye is recorded
(2,21,22).

The longitudinal sectioning method enables examination
of the exposed filling material and any dye penetration into
the material and at the interface of the dentinal wall on one
side (21). Ahlberg et al. (21) suggested a variation of this
technique; whereby the roots are worn down to visualize
the leakage through a thin layer of dentin, thus reducing
the risk of dye dissolution during sectioning. They also
affirmed that this technique provides more reliable
information about the real leakage pattern than transverse
sections or clearing. The disadvantages of longitudinal
dentinal sectioning seem to be the random choice of the
cut axis and the very low probability of the sections being
made through the deepest dye penetration point, with
consequent underestimation of leakage and recording of
unreliable data (19). Schafer and Olthoff (23) stated that
although greater linear dye penetration does not furnish
data about area, it provides sufficient data about apical
leakage.

According to Martin et al. (2) and Ahlberg et al. (21),
transverse root sectioning results in loss of part of the
dentinal tissue and dye due to the technique itself (saw
thickness), and only allows one to determine whether or
not there is penetration in each section.

The clearing technique recommended by Okumura in
1927, in which the teeth become transparent after a process
of demineralization, dehydration and immersion in methyl
salicylate, provides a three-dimensional view of the internal
anatomy of root canals without the loss of dental substance,
making it easier to view the leakage area. It is simple, fast,
performed with substances low in toxins and does not
require complex equipment (3,23-27). Martin et al. (2) also
affirmed that the technique makes it easier to observe the
lateral and accessory canals, and clearly reflects the relation
between the sealing material and the apical foramen.
However, Malvar et al. (27) stated that some of the samples
submitted to clearing may present deficient deminerali-

zation, which would compromise the final transparency
of the specimen. Furthermore, the demineralization times
differs, as greater the weight of the dentinal part, the
greater the mineral content present and the longer it would
take to complete the process. According to Tagger et al.
(25), the endpoint of this step could be easily assessed by
inserting a thin needle in an unimportant area of the crown
or by radiography. Another potential problem is that
incomplete dehydration will leave opaque areas in the
teeth, but this can be corrected by additional dehydration
in 100% ethyl alcohol (24). Ahlberg et al. (21) pointed out
that immersion in acids such as nitric acid and alcohol for
a long period may cause dye dissolution in this technique.
Martin et al. (2) showed that the clearing technique was
more precise than the transverse section for detecting
apical leakage, as it allows the leakage to be visualized in
tenths of millimeters, while transverse sectioning only
determines whether or not leakage has occurred in each
section. The clearing system could not, however, be used
to measure the volume of tracer ingress (28).

With regard to dyes, particle molecule size, pH and
chemical reactivity are expected to affect the degree of
penetration (21). A large number of studies used methylene
blue as dye (17,19,29) because it is inexpensive, easy to
manipulate, has a high degree of staining and a  molecular
weight even lower than that of bacterial toxins (17). It has
been suggested that methylene blue presents the same
leakage as butyric acid (30), a microbial metabolic product
that has greater penetration than Indian ink. This dye
presents a few disadvantages such as dissolution during
the demineralization and clearing process, in addition to
being difficult to observe its maximum penetration point
in some cases (23). On the other hand, Barthel et al. (9)
suggested that the molecular size of the dye may not be a
relevant parameter in leakage tests.

Indian ink particles with diameter smaller than or equal
to 3 µm, are also widely used, as it is unlikely that bacterial
invasion would occur in spaces inside the canal where this
dye is unable to penetrate (23). However, it has been
reported that the weight and size of Indian ink molecules
are smaller than those of the bacterial molecules found in
the root canal. Therefore, this substance may also not
faithfully represent the molecules of fluids coming from
periradicular tissues, giving false-positive results during
analysis of the leakage (3).

One of the major considerations with respect to dye
penetration studies is that air entrapped in voids along the
root canal filling may hinder fluid movement. It has been
recommended that dye penetration should be performed
under reduced pressure, incorrectly referred to as vacuum
(12). However, it is much more difficult to remove the
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trapped air by applying reduced pressure to small empty
spaces, such as those of 2 µm in diameter which, in
principle, are permeable to bacteria (12). Kontakiotis et
al. (29) investigated the influence of hydration on voids
along root fillings through a fluid transport model and dye
penetration, in which transport air was applied to remove
water from gaps in one group, and found that methylene
blue penetrates more easily in dry gaps than in water-
filled gaps. Methylene blue passes along air-filled gaps by
capillary action, whereas in water-filled gaps, it passes by
diffusion. Wimonchit et al. (31) comparing different
coronal dye leakage test techniques, observed that the
vacuum method resulted in significantly more dye
penetration than fluid filtration and passive dye penetration.
The result of this study emphasized the importance of the
use of reduced air pressure in dye penetration. Spångberg
et al. (32) found that passive dye penetration resulted in
incomplete void filling, regardless of void size, whereas
vacuum dye delivery resulted in complete void filling.
Katz et al. (33) found no significant differences between
a horizontally positioned experimental group under reduced
pressure and groups in passive immersion, but when the
apices were in an upright position, the mean leakage was
significantly higher under reduced pressure. Thus, the
authors showed that tooth positioning had a significant
effect on linear dye penetration under reduced pressure and
emphasized the need to standardize factors that may
influence penetration when assessing the methodology of
leakage studies.

It was noted that teeth with apical leakage generally show
leakage at all of their surfaces. Very few cases present dye
penetration at only one surface, and when this is the case,
there would be very little of it (34).

Fluid filtration or transportation methodology
The fluid filtration method, in which the sealing capacity

is measured by means of air bubble movement inside a
capillary tube, was developed by Pashley’s group in 1987
and modified by Wu et al. in 1993 for use in root canals.
It consists of a filled canal that has its coronal portion
connected to a tube filled with water under atmospheric
pressure, and its apex to a 20 µl glass capillary tube 170
mm long and of uniform caliber filled with water. Finally,
a pressure of 0.1 atm is applied through the coronal part,
which forces the water through the empty spaces along the
root canal (12). The results are generally expressed in
µl/min (13).

The above-mentioned method presents many advantages
in comparison with dye penetration methods, as the samples
are not destroyed, therefore it allows both the apical and
coronal sealing to be assessed after a long period.

Furthermore, the results are recorded automatically, thus
providing quantitative measurements and avoiding operator
errors; the results are precise, as small volumes can be
recorded (1,8,18); and it would be more sensitive than dye
penetration in detecting empty spaces along the canal
(8,12,18). System sensitivity can be adjusted by altering
the pressure used or the diameter of the micropipette (8).
However, according to Pommel, Camps (13) the materials
and methods used in this technique are not standardized,
as the pressure used may range from 10 to 20 psi, and the
measuring time from 1 min to 3 h. This would alter the
results obtained, since lower filtration values have been
found associated with longer recording time, and the
values recorded were higher when high pressure was used
in comparison with low pressure. According to the authors,
20 psi pressure would appear to be far too high because
it corresponds to 1406 cm H2O pressure. Therefore, to be
as close as possible to physiological pressures, 15 cm by
H2O would appear to be sufficient when highly sensitive
equipment is used. The pressure should be included in the
results and should be expressed as µl/min cm H2O instead
of µl/min.

Thus, various parameters that could change the test
results such as diameter of the capillary that contains the
bubble, bubble length, measuring time and the pressure
applied (13), must be mentioned in the materials and
methods section.

According to Miletić et al. (35), it is very important to
assess leakage not only after filling, but also after some
time, because this assessment is required to ensure that
sealers are clinically effective.

Orucoglu et al. (36) developed a new computerized
fluid filtration meter based on light refraction at the starting
and ending positions of air bubble movement inside
micropipette. It has some advantages over the conventional
ones with the computer control and digital air pressure
arrangement. Additionally, the movement of air bubbles
can be observed by laser diodes which are computer
controlled rather than visual findings.

Younson et al. (28) did not find any statistically significant
correlation between the fluid filtration measurements and
dye penetration measured by a scoring system, but fluid
filtration was more sensitive.

Dye Extraction Method
In the dye extraction or dissolution method, the teeth

are dissolved in acids that release all the dye from the
interface and the optical density of the solution is measured
by a spectrophotometer. It is fast and can be carried out
with equipment available at most universities (19).

According to Camps, Pashley (19), there was no
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correlation between dye penetration and the fluid filtration
and dye extraction techniques which determine micro-
leakage. The fluid filtration technique gave similar results
to those of dye extraction, because both take into
consideration the porosity of the interface between the
filling material and the root. Both techniques are based on
quantitative measurements of liquids passing through
these interfaces. The dye extraction method presents an
advantage over the fluid filtration method, because the
filtration values tend to diminish over time, as the water
penetrates all the irregularities until a plateau is reached.

Bacteria and toxin infiltration method
According to Timpawat et al. (6), the use of bacteria to

assess leakage (mainly coronal) is considered to be of
greater clinical and biological relevance than the dye
penetration method. Many different strains of bacteria
have been used to assess marginal leakage and this has lead
to contradictory results, because the methods depend on
the type of bacteria used. Moreover, if the sealer has
antimicrobial activity, it is unfeasible to employ the bacteria
method (23,37). The systems generally comprise two
chambers and enable the apical and coronal extremities
of each specimen to be completely separated. The turbidity
of the broth in the apical chamber is the first indication of
contamination by microorganisms (4,38).

If the pulp chamber becomes contaminated, it may
serve as a reservoir of microorganisms and toxins. This
could cause a problem in either of two ways. First, the apical
seal may be affected adversely and cause the root canal
treatment to fail. Second, movement of microorganisms
and toxins through accessory canals in the floor of the pulp
chamber may result in periodontal furcation involvement
(39).

These bacterial studies have been qualitative rather than
quantitative. If only one bacterium passes through the
obturated root canal, it may multiply in the enriched broth
and cause turbidity (38,39).

It may be observed that in their studies, Barthel et al.
(9) used Staphylococcus epidermidis; Timpawat et al. (6)
Enterococcus faecalis; Carratù et al. (4) used P. mirabilis
and S. epidermides; Miletic et al. (10) assessed the
penetration of Candida albicans and the bacteria S. mutans,
S. mitis, Prevotella melaninogenica, and Lactobacillus
acidophilus; Michailesco et al. (11) tested Actinomyces
odontotylicus, Lactobacillus acidophilus, and Pseudomonas
fluorescens;  Chailertvanitkul et al. (39,40) studied
anaerobic streptococci and Fusobacterium nucleatum; and
Maltezos et al. (37) Streptococcus salivarius. Enterococcus
faecalis is frequently used, because it is part of the normal
mouth flora and is frequently found in infections with

other optional aerobic and anaerobic bacteria; it is also one
of the microorganisms most frequently isolated inside
root canals (6). The fungus Candida albicans has the same
capacity as bacteria to penetrate filled canals (10).
Polymicrobial infections involving black-pigmented Gram-
negative anaerobes are likely to have a greater pathogenic
potential than infections with a single species (40).

According to Barthel et al. (9), bacteria or bacterial
product penetration may start or reactivate the inflammatory
process, and saliva leakage may stimulate the growth of
the bacteria that persist inside the root canals. The size of
the test agent molecule must be representative of the
bacteria and/or components of the bacterial cell wall and/or
nutrient fluids.

The differences in behavior between bacteria and
endotoxins must be related to their chemical activities.
Endotoxins are lipopolysaccharides of the external
membrane of Gram-negative bacteria and consist of a
lipid portion, Lipid A, and a polysaccharide portion, which
is the external part of the membrane. The possibility of
the bacteria exerting enzymatic action on the gutta-percha,
sealer and dentin and creating a passage through the seal,
has not yet been demonstrated (4). It has been reported that
endotoxin preceded bacterial penetration of the canal
system (41).

Xu et al. (42) introduced a new method for analysis of
endodontic microleakage based on the filtration rate of
glucose along the root canal filling. The amount of leakage
was quantified with spectrophotometry. Glucose was
selected as the tracer because of its small molecular size
(MW = 180 Da) and as it is a nutrient for bacteria. So, if
glucose could enter the canal from the oral cavity, bacteria
that survive root canal preparation and obturation could
multiply and lead to periapical inflammation.

Michailesco et al. (11) using latex microspheres, showed
that they can be used to simulate bacterial leakage and that
smaller particles penetrate more deeply than bacteria and
the larger ones, less than they do.

The ability of viable microorganisms to change their
shape and size and to move actively and multiply may play
an important role inside the root canal, as they cannot be
represented by any aqueous dye solution (9).

Conclusions
From a review of the literature, it is noted that various

methodologies are available for assessing leakage, some
are shown to be simple, such as dye penetration, and
others more complex, such as bacterial leakage. It was found
that there is a real lack of technique standardization, as even
when one and the same methodology is used, small
variations may be included, which are able to interfere in
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the final outcome of the research.
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Bacterial and fungal microleakage of AH26 and
AH Plus root canal sealers. Int Endod J 35, 428-432

11. Michailesco P, Boudeville P (2003) Calibrated latex
microspheres percolation: a possible route to model
endodontic bacterial leakage. J Endod 29, 456-462

12. Wu MK, De Gee AJ, Wesselink PR (1994) Fluid
transport and dye penetration along root canal
fillings. Int Endod J 27, 233-238

13. Pommel L, Camps J (2001) Effects of pressure and
measurement time on the fluid filtration method in
endodontics. J Endod 27, 256-258

14. Pommel L, About I, Pashley D, Camps J (2003)
Apical leakage of four endodontic sealers. J Endod
29, 208-210

15. Kopper PMP, Figueiredo JAP, Della Bona A, Vanni

JR, Bier CA, Bopp S (2003) Comparative in vivo
analysis of the sealing ability of three endodontic
sealers in post-prepared root canals. Int Endod J 36,
857-863

16. Tamse A, Katz A, Kablan F (1998) Comparison of
apical leakage shown by four different dyes with two
evaluating methods. Int Endod J 31, 333-337

17. Brandão CG, de Moraes IG, Bramante CM (2001)
Apical sealing ability of ionomeric endodontic
sealers. Rev FOB 9, 29-34 (in Portuguese)
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