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Abstract: In this study, the effect of different root 
canal sealers on 1 %, and 2 % methylene blue (MB) 

solutions and India ink were analyzed using spectro-

photometry. One hundred and twelve specimens were 
used in this study. One hundred and five plastic tubes 
were filled with Sealapex, Endomethasone, Sultan, AH 

Plus or Ketac Endo. Twenty-one plastic tubes were 
used for each group. Seven plastic tubes were not filled, 

serving as controls. Seven specimens were taken from 

each group randomly and immersed in 0.8 ml 1 % MB, 
2 % MB or black India ink. The optical density of the 
solutions after 0, 24, 48 and 72 hours of immersion was 
measured in a spectrophotometer at 416 nm. The 

optical density (OD) of the solutions was stable for the 

control group. The OD values for the 1 % MB solutions 
were increased in the Sealapex and Sultan groups. The 

OD values for the 2% MB solutions were also increased 
for Sealapex and AH Plus. OD values were decreased 
for all India ink groups. The change in OD values 

relating to each time interval was statistically analyzed 
for each test material using two-way ANOVA. In the 

dye leakage studies, India ink, when compared to MB 
solutions, was a more reliable tracer as no dissolution 
of the root canal sealers occurred in contact with India 

ink. (J. Oral Sci. 43, 245-248, 2001) 
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Introduction 

Success and failure in endodontic therapy are considered 

to be dependent on the effectiveness of debridement and 
obturation of the root canal system. Complete debridement 
is necessary to remove all toxic products that cause 

periapical disease (1). The apical seal should prevent tissue 
fluid microcirculation between the root canal and periapical 

tissues, since tissue fluid could act as a substrate for 
microorganisms, which in many instances are left in the 

root canal even after thorough root canal debridement (2). 
Numerous studies, using various techniques, have been 

performed to quantitatively assess the leakage potential of 
root canal filling materials (3). A commonly applied 
method to evaluate the sealing ability of different root 

filling materials and techniques is based on linear 
measurement of dye penetration between the root filling 

and the canal wall. Tracers such as methylene blue (MB), 

procion blue, eosin red, silver nitrate and India ink have 
been used (4,5). Methylene blue, in various concentrations 

has been the most commonly used tracer for several 
decades, but over the last few years the number of studies 

using India ink have increased (6). Wu and Wesselink (7) 
reported that India ink was used mostly with the clearing 
technique that produced the lowest values of dye 

penetration, as compared to longitudinal splitting and 
horizontal section. In dye penetration experiments, one end 

of the filled specimen is immersed in a dye solution. 
Longitudinally splitting or cross sectioning the filled 
specimen at the end of the immersion period allows the 

length of colored dye penetration along the tooth/ filling 

junction to be measured. However, during the experiment 
the dye may be decolored, depending upon the chemical 

properties of the test materials in contact. Consequently, 
penetration of the decolored dye solution along the filling
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may not be seen, making the recorded length of dye 

penetration unreliable (8). The purpose of this study was 

to evaluate the effect of different root canal sealers on 

1% and 2% MB solutions and India ink, by using 

spectrophotometry. 

Materials and Methods 

This study was performed using a method described by 

Wu et al. (8). One hundred and twelve plastic tubes, of 1 

mm wall thickness, 1.5 mm inner diameter and approxi-

mately 10 mm long, were used. The root canal sealers tested 

were calcium hydroxide based Sealapex (Kerr, Romulus, 

MI, USA), paraformaldehyde containing Endomethasone 

(Septodont 94100 Saint-Mour, France), zinc oxide eugenol 

based Sultan (Sultan Chemists, Inc. Englewood, NJ), 

polymer based AH Plus (Dentsply, De Trey, Weybridge, 

Surrey, UK) and glass ionomer based Ketac Endo (ESPE, 

Seefeld/Oberbay, Germany). Twenty-one plastic tubes 

were used for each group. Test materials were mixed 

according to the manufacturer's recommendations and the 

plastic tubes were filled using a lentulo spiral carrier in a 

low speed handpiece running at moderate speed. Seven 

plastic tubes were not filled, serving as controls. The tubes 

were stored for 48h at 37 •Ž and 100% humidity to allow 

the sealers to set before immersion into dye solutions.

Three groups were formed according to the dye solutions 

tested. Group I used freshly mixed solutions of 1% MB, 

group II used 2% MB and in group III a newly purchased 
bottle of black India ink (Pelikan, Istanbul, Turkey) was 
used. The dye solutions were placed in small plastic 

containers which were 25 mm high and had an inner

Table 1 Mean •} S.D. optical density of 1% methylene blue 

after immersion at 0, 24, 48 and 72 hours

Table 2 Mean •} S.D. optical density of 2% methylene blue 

after immersion at 0, 24, 48 and 72 hours

Table 3 Mean •} S.D. optical density of India ink after 

immersion at 0, 24, 48 and 72 hours

Fig. 1 Optical density change vs time graph for the 1% 

methylene blue group.

Fig. 2 Optical density change vs time graph for the 2% 

methylene blue group.

Fig. 3 Optical density vs time graph for the India ink group .



247

diameter of 15 mm. Seven tubes were taken randomly from 

each sealer group and immersed into plastic containers 
which contained 0.8 ml 1% MB (pH 7), 2% MB (pH 7) 

or India ink. Samples (0.1 ml) from each solution were taken 
from each container after 0 (immediately after immersion), 
24, 48 and 72hours of immersion. Each sample was diluted 

with 1.9 ml distilled water and the optical density measured 
using a 1601 UV-Vis spectrophotometer (Shimadzu, Japan) 

at 416 nm. The change in OD values relating to each time 
interval was statistically analyzed for each test material 

using two-way ANOVA. 

Results 

The differences in the OD values between the test 
materials at different time intervals were statistically 

significant (P < 0.001) with all the three solutions. OD 
values were stable at all time intervals for the control 

group in all three solutions. The interaction of the test 
materials with time was also statistically significant (P < 

0.001). In all groups studied, the OD values were 
statistically significantly different between 0- 24, 24-48 

and 48-72 hours for each test solution (P < 0.001). The 
mean OD values of 1% and 2% MB and India ink at 0, 
24, 48 and 72 hours are shown in Tables 1, 2 and 3. 

1% MB solution 
A continuous decrease was observed for the Endo-

methasone and AH Plus groups. In the Ketac Endo group 
the OD value was stable from 0-24 hours but decreased 

in the 24, 48 and 72 hours periods. In the Sealapex and 
Sultan groups, the OD value increased after 72 hours in 

comparison with the starting value (Fig. 1). 

2% MB solution 
OD values were increased in the Sealapex and AH Plus 

groups and decreased in the Ketac Endo, Endomethasone 
and Sultan groups (Fig. 2). 

India ink 
OD values were definitively decreased in the Sultan, 

Endomethasone, Ketac Endo and AH Plus groups. In the 
Sealapex group, the OD value showed a continuous 

decrease until 48hours, but between 48 and 72hours an 
increase was observed (Fig. 3). 

Discussion 

The results taken from the spectrophotometric analysis 

used in this study indicated a reaction between the solution 

and the test materials. The decrease in the OD value 
signified a reduction in the concentration of the solution, 

whereas an increase in the OD value signified an increase

in the concentration. An increase in the OD value indicated 

a chemical interaction in the structure of solution due to 
the solubility of the particles in the test materials and 
transfer to the solution. To determine which tracers are the 

most appropriate for investigation of microleakage it is 
important to understand their physical and chemical 

properties (9). In this study, 0-hour samples were 
determined right after the plastic tubes containing sealers 
were immersed in to plastic containers, which contained 

the dye solutions. The period until the measurement was 
a neglectable period so the first measurement was defined 

as 0 hours. In the control group, the measurement was done 
by placing the empty plastic tubes in to the dye solution. 
In the experimental groups, the measurements were made 

immediately after the plastic tubes containing sealers were 
immersed in to the solution, so the first measurements 

obtained from the experimental groups were different 
from the one in the control group. 

The calcium hydroxide based Sealapex and zinc oxide 

eugenol containing Sultan groups showed a continuous 
increase in the OD value of the 1% MB solution. On the 

other hand, a continuous increase was observed in the 
OD value of the 2% MB solution when Sealapex and AH 
Plus were used. These findings indicated that the root 

canal sealers mentioned above could dissolve while in 

contact with the MB solutions. Dissolution of root canal 
sealers creates a space between the root canal filling and 

the canal wall and this could render the recorded length 
of dye penetration as unreliable. Kontakiotis et al. (10) 
reported that MB solution was found to be decolored by 

calcium hydroxide, because MB is unstable with caustic 
alkali and hydrolyzed to transparent thional. Also, MB is 

blue in its oxidized form, which can be reduced and 
become colorless with reducing agents such as Zn, Cu, Ag, 
etc. Therefore, ZOE can decolor the MB (8). On the other 

hand, in the present study, dissolution did not occur in the 
Endomethasone, AH Plus and Ketac Endo groups while 
in contact with the 1% MB solution. Similarly, in the 2% 

MB solution, dissolution was not observed in the Ketac 
Endo, Endomethasone or the Sultan groups. Therefore, it 

appears that the 1% and 2% MB solutions are suitable 
tracers when used with the sealers mentioned above. In 

our study, AH Plus caused a continuous decrease in the 
OD of the 1% MB whereas a continuous increase in the 
OD of the 2% MB. The interaction between the 2% MB 

solution and chemical materials in the structure of AH Plus 
causes a transfer of some particles from the structure of 
sealer to the solution. The concentration of the dye solution 

is the cause of this difference. Based on these results, it 
can be concluded that in microleakage studies the use of 

2% MB with AH Plus may give misleading results.
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A decrease in the OD value was observed for the India 
ink for all time intervals and for all experimental groups. 

Although the OD values of Sealapex decreased continu-
ously until 48hours, it increased between 48 and 72 hours. 

The OD value of Sealapex was 0.715 at 48 h, whereas 0.719 
at 72 hours and the difference of OD values between these 
time intervals was negligible. Since the OD value at 72 h 

was decreased in comparison with the starting value, it can 
be concluded that the OD values decreased in the India 
ink for the Sealapex group. The decrease in the OD value 

indicates the transfer of the particles from dye solution to 
the root canal sealer. As this does not create dissolution 
on the root canal sealer, linear measurement of dye 

penetration between the root filling and the canal wall will 
reflect real penetration. Caliskan et al. (11) reported that 

a decolorizing effect of calcium hydroxide was not observed 
on India ink. In a recent in vitro study, investigating 
different tracers and assessment methods in the sealing 

ability of retrograde root fillings, it was noted that bacterial 
ingress and India ink penetration provided a similar rank 
order for the sealing ability of the material tested . It may 
be suggested that bacteria and India ink particles may 

detect similar microleakage channels being of broadly 
similar size, and thus will show similar degrees of 

penetration (12). 
Ahlberg et al. (5) confirmed that an India ink solution 

is potentially a suitable tracer for microleakage and dentine 

permeability assessment. Other advantages of using India 
ink are that it does not stain the dentine and shows the 
leakage pattern only. In addition, the extent of dye 

penetration is easy to detect even in the dentinal tubules 
(13,14). From the results of this study, it can be concluded 
that the recorded length of MB penetration in dye leakage 
studies may not always reveal the full length of the void 

along the filling, since some root canal sealers can 
significantly affect the MB solution. The results of this study 

support the use of India ink as a more reliable tracer in 
microleakage studies, which apply dye penetration methods , 
as no dissolution of the root canal sealers occur in contact 

with India ink. 
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