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Abstract
Aim: This in vitro study compared the coronal discoloration effect of three endodontic sealers at short-time intervals.
Materials and Methods: The crowns of 50 extracted premolars were cut and their pulp chambers were cleaned and randomly
divided into five groups (n10). The following materials were placed into the pulp chambers: Group I: AH Plus, group II:
Apexit Plus, group III: Sultan, group IV: Amalgam, and group V: Distilled water. The color of the crowns was measured
using ShadepilotTM spectrophotometer (DeguDent, Hanau, Germany) prior and after the placement of experimental materials
within pulp chambers. Color changes (E values) and shades were recorded in 3, 10, and 17 days. A Kruskal-Wallis and
Mann-Whitney tests were used to assess significant differences between the sealers. Wilcoxon test was used to compare color
changes at different periods within each group.
Results: All sealers showed significant discoloration effect that increased over the time. At the end of the observation period,
Apexit Plus showed the lowest coronal discoloration effect (E6.380.55).
Conclusions: All sealers used in the current study may cause a progressive coronal discoloration effect over 10-17 days. Apexit
Plus sealer showed the lowest coronal discoloration effect.
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INTRODUCTION
Different types of root canal filling materials have
been introduced to obturate radicular spaces, but the
combination of gutta-percha as a core material with an
endodontic sealer is the most widely used technique in
clinical practice.[1] Regardless of core materials, root canal
sealer is an essential material for any obturating technique
to accomplish fluid-tight seal and to fill inaccessible areas
of prepared canals.[1]
Crown discoloration after endodontic treatment is
considered a common esthetic problem for the patient and
dentist, particularly for anterior teeth.[2] The main causes
of intrinsic crown discoloration related to endodontic
treatment are: Disintegration of necrotic pulp tissue,
hemorrhage into the pulp chamber, and endodontic
medicaments and filling materials.[2-5]
Tooth color can be measured in several ways
including visual assessment and by using instruments
such as colorimeters and spectrophotometers.
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AH Plus is commonly used resin-based sealer and considered
as a substitute to AH 26 sealer to overcome its discoloration
effect. The staining ability of calcium-containing root
canal sealer (Sealapex) was evaluated by two studies and
concluded that Sealapex caused moderate to minimal
discoloration of coronal dentin.[9,10] Sultan sealer is one of
zinc oxide eugenol (ZOE) based sealer that contains zinc
oxide powder without silver. Limited data are available
about the coronal discoloration effect of AH Plus, Apexit
Plus, and Sultan sealers.
This study was designed to assess crown discoloration
induced by AH Plus, Apexit Plus, and Sultan sealers, using
quantitative and qualitative spectrophotometric analysis at
3, 10, and 17 days.
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Spectrophotometers are considered as the reference
instruments in the field of color science and have been used
successfully in dentistry for tooth color measurements.[6,7]
The American Dental Association recommended the use
of the CIELAB color differential system to determine the
color of any object.[8]
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MATERIALS AND METHODS
Samples preparation
Freshly extracted human premolar teeth were used for
the current study. The teeth were free of caries, cracks,
restorations, and coronal stains. The roots were resected
3 mm below the cementoenamel junction using a diamond
disc. The pulp chamber of each crown was mechanically
cleaned using gates glidden drills and hand k-files and
then irrigated with 3% sodium hypochlorite solution and
17% ethylenediaminetetraacetic acid (EDTA) solution (Pulp
dent, Watertown, MA, USA). The specimens were then
randomly assigned to three experimental and two control
groups, 10 samples each.
Three endodontic sealers were tested [Table 1]:
AH Plus™ (Group I), Apexit Plus™ (Group II), and
Sultan™ (Group III). The sealers were mixed and placed
into the pulp chambers via cervical access, using a
Lentulo spiral filler (Dentsply Caulk, Milford, DE, USA).
In the positive and negative control groups, pulp
chambers were filled with amalgam and distilled water,
respectively. The apical access of samples was sealed
with a sticky wax and stored in an incubator for 7 days
at 37°C.

Tooth color measurements
Shadepilot™ spectrophotometer (DeguDent, Hanau,
Germany) was used to measure the color quantitatively
and qualitatively [Figure 1]. The spectrophotometer was
calibrated according to the manufacturer›s instructions
before taking each reading and then carefully placed at
right angle to buccal surface of the crown. The resulting
shades were taken directly from the digital screen of
spectrophotometer device and CIE L*a*b* readings were
taken using Degudent Shadepilot software version
3.01.10079. Pretreatment color shades and readings of
the entire buccal surfaces were taken and considered as
baseline data to which the subsequent readings at 3, 10,
and 17 days were compared. The color difference (E)
at each time interval was calculated according to the
following formula: E[(L*) 2 (a*) 2 (b*) 2]½ where L
is the difference in lightness calculated from differences in
the L* readings between two periods. This can be calculated

for any period between baseline and at 3, 10, and 17 days.
a and b refer to the difference in chroma and are also
obtained in the same manner as for L. A E value equal
or larger than 3.5 was considered a clinically perceptible
color change.[11]

Statistical analysis
Delta E (E) values were submitted to statistical analysis
using SPSS program version 17.0 (SPSS Inc., Chicago,
IL, USA). Descriptive statistics comprised calculation of
means and standard deviations followed by Kruskal-Wallis
and Mann-Whitney tests to assess significant differences
between experimental root canal sealers at different times.
Wilcoxon signed rank test was used to compare color
changes at different periods within each experimental
group. Results with P value less than 0.05 were considered
statistically significant.

RESULTS
Descriptive statistics of color changes (∆E) from
baseline (before sealer placement) for all groups are
presented in Figures 2 and 3 and Tables 2 and 3. The
negative controls showed no evidence of discoloration
at all time intervals (∆E1 unit), while positive controls
showed immediate discoloration (∆E3.5 units) at 3 days
which persisted with each time interval [Figure 2].
Comparison of the experimental groups (Groups I-III)
regarding coronal discoloration (Kruskal-Wallis) results in
significant differences (P  0.05) [Table 2]. The results of
Mann-Whitney test revealed that coronal discoloration
at 17 days was significantly less for Apexit Plus (Group II)
when compared to AH Plus and Sultan sealer (P0.05). As
depicted in Table 3 and Figure 3, there is a progressive and
significant color change (∆E) from days 3 to 17 within all
experimental groups (P0.05).
The differences in the mean color change that took
place in all groups from 3 days to 10 days and 10 to
17 days are presented in Table 4. The highest significant
color change from the days 3 to 10 was found in
group III (∆E  7.55), and from the day 10 to 17 was
found in group I (∆E  3.63). The shades recorded for

Table 1: Experimental groups and sealers used in the current study
Groups

Material

Composition

Manufacturer

Group I

AH Plus

Dentsply, DeTrey, Konstanz,
Germany

Group II

Apexit
Plus

Group III (n=10)

Sultan

Paste A (epoxy): Bisphenol-A epoxy resin, bisphenol-F epoxy resin, calcium tungstate,
zirconium oxide, Silica, Iron oxide pigments.
Paste B (amine): Dibenzyldiamine, aminoadamantane, tricyclodecane-diamine, calcium
tungstate, zirconium oxide, silica, silicone oil
Base: Calcium hydroxide/calcium oxide, hydrated collophonium, fillers and other auxiliary
materials (highly dispersed silicon dioxide, phosphoric acid alkyl ester).
Activator: Disalicylate, bismuth hydroxide/bismuth carbonate, fillers and other auxiliary
materials (highly dispersed silicon dioxide, phosphoric acid alkyl ester)
Powder: Zinc oxide, rosin, bismuth subcarbonate, barium sulfate, sodium borate anhydrous
Liquid: Allyguaiacol (eugenol)
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Table 2: Comparison of overall color changes (E mean
values) of experimental groups at each time interval
Groups (n=30)
Group 1 (n=10)
Group 2 (n=10)
Group 3 (n=10)

∆E values (mean±SD) at different times*
3 days

10 days

17 days

0.37±0.10a
0.86±0.20b
0.75±0.22b

5.30±1.10a
6.28±0.48b
7.56±3.17c

7.80±0.96a
6.38±0.55b
8.58±2.97a

*Mann-Whitney test: Means with different superscript letter in the same column
are significantly different (P<0.05), SD: Standard deviation

Table 3: Comparison of overall color changes (E mean
values) at all time intervals for each group
Time interval

Figure 1: Degudent Shadepilot intraoral spectrophotometer

3 days
10 days
17 days

∆E values (mean±SD)*
Group I (n=10)

Group II (n=10)

Group III (n=10)

0.37±0.10a
5.3±1.10b
7.80±0.96c

0.86±0.20a
6.28±0.48b
6.38±0.55c

0.75±0.22a
7.563±3.17b
8.58±2.97c

*Wilcoxon signed ranks test: Means with different superscript (a,b,c) letter of
same column are significantly different (P<0.05), SD: Standard deviation

Table 4: Comparison of differences in the mean overall
color changes (E mean values) within observation
periods
Groups
(n=30)
Group 1
(n=10)
Group 2
(n=10)
Group 3
(n=10)

∆E values at each time interval (Mean±SD)*
10 days
17 days
17 days**
(baseline at 3 days) (baseline at 3 days) (baseline at 10 days)
5.43±1.038a

8.18±0.56a

3.63±1.83a

6.16±0.13a

6.21±0.18b

0.54±0.07b

7.55±3.43b

8.55±3.12a

2.21±4.05b

*Mann-Whitney test: Means with different superscript (a,b,c) letter in the same
column are significantly different (P<0.05), SD: Standard deviation

DISCUSSION
Figure 2: Mean color changes (E mean values) for overall
buccal surfaces in all groups at 3, 10, and 17 days

Figure 3: Line graph demonstrating mean color changes (∆E
mean values) induced by experimental sealers over time

overall buccal surfaces at different time intervals for all
groups were presented in Table 5.

Ideal root canal sealer should have characteristics such as
good adhesion, adequate seal, radiopacity, dimensional
stability during setting, tissue tolerance, antibacterial
effect, nonresolvability in tissue fluids and cause no
discoloration for tooth structure.[12] The present study was
conducted to evaluate the overall coronal discoloration
effect of three of the most commonly used sealers.
These sealers were AH Plus (resin-based sealer) which is a
substitute for AH26, Apexit Plus (calcium hydroxide-based
sealer) and Sultan (ZOE-based sealer). The literature review
proved that these types of sealers have good sealing ability
and good biocompatibility.[13,14]
Premolars crowns were used in the present study because
of their reasonable wide pulp chambers that allow bulk
placement of sealers. The pulp chamber of each sample was
mechanically cleaned using and irrigated with 3% sodium
hypochlorite and to eliminate any organic debris that could
affect the measurement of tooth color. In addition the
pulp chambers were also irrigated with 17% EDTA similar
to previous studies to simulate most common clinical
conditions regarding smear layer removal.[5]
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Table 5: Percentages of the closest shade match to overall buccal surfaces in all groups at all time intervals as indicated
by Shadepilot spectrophotometer
Shades

Shades of overall buccal surfaces (%)
Group I
3 days %

A1
A2
A3
B1
C1
D2

10 days %

Group II
17 days %

100
50
50

10 days %

17 days %

3 days %

10 days %

17 days %

100

40
50

50
50

100

30
20
50

40
50

10
20
70

In the present study, two control groups were utilized to
test the ability of coronal dentin and enamel to transmit
the color induced by materials that placed into the pulp
chamber. The results obtained from the control groups
may indicate that the dentin and enamel have the ability
to transmit the color of the material placed in the pulp
chamber. Application of sealer into the pulp chambers was
similar to that of previous studies.[4,9,10]
Spectrophotometry is an objective and more reliable
method alternative to the subjective (visual) method of
assessing color.[15-17] Spectrophotometers are extremely
sensitive devices which can determine minute color
changes that are not even clinically observable. These color
changes can also be detected much earlier when compared
to the traditional visual assessment of tooth color.[17,18] For
these reasons, it was decided to use spectrophotometric
analysis in the current study for evaluating tooth
discoloration determining CIE L*A*B* variables and
delta E (E) as well as closest shades using an intraoral
spectrophotometer (Shadepilot).
The exact time interval for tooth discoloration to occur
resulting from root canal therapy is still not documented.
The required time for discoloration to be clinically observed
depends on many factors that include the thickness of the
remaining dentin, the quality and quantity of the sealer, and
the presence of the smear layer.[19] Previous studies revealed
that coronal tooth discoloration resulting from endodontic
materials takes place from seven weeks after obturation[4]
to several months.[9,10,20] Differences in the results of the
previous studies could be attributed to the methodologies
employed. In the present study, the discoloration effect
of the sealers was determined at short periods (3, 10, and
14 days) to test prompt staining effect of sealers. In each
group, the color of each sample was determined before
sealer placement to act as a baseline for calculating the
color change at each subsequent time interval. In addition,
the color of samples at 3 and 10 days was also taken as a
base to evaluate color change from 3 to 10 days and from
10 to 17 days, respectively.
The results indicated that all tested sealers did not show
any evident of coronal discoloration after 3 days. This
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Group III

3 days %

10

could be explained by the sealers that may penetrate into
dentinal tubules, due to smear layer removal, did not
show immediate chemical changes that could affect their
colors. All sealers showed clinically observable coronal
discoloration at 10 days (∆E  3.5) which progressively
increased with time. This was in contrast to the results
of previous studies in which tooth discoloration occurred
after longer times.[4,9,10,20,21] This could be largely explained
by the difference in methodology utilized to prepare the
experimental samples and the method of color analysis.
Some of these studies did not attempt to remove the smear
layer, which could reduce the rate of sealer penetration
through the dentin.[9,10] In the current study, sealer
penetration within dentinal tubules was not evaluated, so
it was difficult to confirm the ability of the tested sealers to
penetrate dentinal tubules. However, there is controversy
among authors where some of them concluded that
sealers[9] did not penetrate the dentinal tubules, while
others[22] showed that the pathway by which staining
materials can diffuse from the canal is through dentinal
tubules.
The current results indicated that Sultan sealer displayed
the greatest overall coronal discoloration and these were
similar to the findings of previous studies.[4,9,10] The cause
of severe discoloration observed with ZOE sealer may be
probably due to the presence of eugenol, which forms a
bond with zinc oxide. Free or even bound eugenol changes
chemically (oxidizes) and darkens with time.[10,23] Although
AH Plus is silver-free and advertised as nonstaining
compared to its predecessor AH26, it caused more overall
coronal discoloration (grayish discoloration) than Apexit
Plus sealer (reddish brown discoloration). Some authors
found the same results but with AH26 sealer.[24] Therefore,
it can be argued that the silver ions were not the sole
reason for tooth discoloration caused by AH26 and some
ingredients in AH Plus could be the cause of this grayish
discoloration.[20] The literature lacks evidence regarding
the staining potential of AH Plus; therefore, additional
research is required to investigate the constituents of AH
Plus that might be responsible for the discoloration of
endodontically treated teeth. The highest color changes in
3-10 days were for Sultan (∆E  7.55), while the lowest
color change was for AH Plus (∆E  5.43), and Apexit
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Plus (∆  6.16). The color changes in 10-17 days were
not clinically detectable (∆ 3.5) except for AH Plus with
a mean ∆E value 3.63. These could indicate that the main
color change occurred in the period from 3 to 10 days and
did not dramatically increased from 10-17 days.

CONCLUSIONS
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8.
9.
10.
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Within the limitation of the present study, the following
could be concluded:
 All used sealers did not have a coronal discoloration
effect after 3 days but discoloration was perceptible
after 10 days
 All sealers used in the current study may cause a
progressive coronal discoloration effect over 10-17
days
 Apexit Plus sealer showed the lowest coronal
discoloration effect
 Shadepilot spectrophotometer is a valuable and
simple tool to detect coronal discoloration induced by
endodontic materials.
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