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Long-term evaluation
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induced by different
endodontic sealers
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Aim: To evaluate crown and root discoloration promoted by
different endodontic sealers after root canal filling. Methods:
Eighty bovine incisors were prepared and filled with: Endofill,
Sealer 26, AH Plus,and MTA Fillapex. Color was recorded using
a spectrophotometer before endodontic treatment (T0) and
at 24 hours (T1), seven days (T2), 30 days (T3), and 90 days
(T4) after treatment. Analyses were performed on the middle
and cervical regions of the crown, and on the cervical third
of the root, immediately below the cementoenamel junction.
The color alterations (AE) were calculated using Commission
International de I'Eclairage (CIE) L*a*b parameters, and data
were analyzed by analysis of variance (ANOVA) and Tukey's
test (p<0.05). Results: All sealers induced color alterations.
Sealer 26 resulted in the smallest changes in color (DE = 5.32).
The other materials did not present statistical differences
(AHPlus DE = 6.98;: MTAFillapex DE = 6.88; Endofill DE = 6.41).
Of the three regions analyzed, the largest discoloration was
observed at the cervical third of the root (DE=10.67). In terms
of time, the largest AE values (DE=7.72) were observed at T4.
ColorchangesatT1 (DE=5.88), T2(DE=6.10),and T3 (DE=5.89)
were statistically similar. Conelusions: All endodontic sealers
promoted discoloration on the tooth crown and root.

Keywords: Endodontics. Root canal filling materials. Tooth
crown. Tooth discoloration.
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Introduction

Tooth discoloration can occur due to penetration of endodontic materials into the
dentinal tubules during roct canal treatment’. Crown discoloration is well known; how-
ever, crown and root discoloration induced by root canal sealers can be different due
1o the arrangement of dentinal tubules in different areas of the tooth.

Root discoloration is relevant if periodontal plastic procedures are needed, especially
in cases of localized gingival recession or surgery, including bone resection for patients
requiring aesthetic treatments. Additionally, it is also an important factor when direct
or indirect veneers or full crowns are indicated. Thus, root discoloration may influence
the periodontal and/or prosthetic treatment, as well as the overall aesthetic results.

Several studies have demonstrated crown discoloration induced by endodontic seal-
ers containing zinc oxide, calcium hydroxide, and resin cements®®. The materials used
for root filling may also induce tooth discoloration, particularly if left in the pulp cham-
ber and above the gingival margin. The discoloration is usually seen in the cervical
third of the crown since the overlying, which is a translucent and colorless structure,
is thinner in this area’®.

This discoloration may be prevented by complete removal of sealer remnants, cutting
the filling material below the cementoenamel junction, or through the use of sealers
that do not cause tooth discoloration®.

However, root canal cements usually cause discoloration because of the presence
of unreacted components or the corrosion of some components owing to moisture
and/or chemical interaction with dentine’s. The color stability of endodontic sealers
may also be affected by their different chemical components. The components of
endodontic sealers that are related 1o color change of the tooth are bismuth trioxide?,
silver’®™ and iron oxide™.

Many studies have investigatedthe discoloring potential of root canal cementg2+7 117513,
However, several methodological differences - especially in whether the smear layeris
removed, and how color change is determined (by either vision or computer analysis
of digital images) - result in difficulties when interpreting the data’.

Therefore, this study investigated crown and root discoloration promoted by differ-
ent endodontic sealers after root canal filling using spectrophotometric analysis.
The study hypotheses were that there would be significant discoloration differences
regarding (i) the tooth area evaluated (middle and cervical regions of the crown, and
coronal third of the root); (ii) the endodontic sealer evaluated; and (iii) the time period
after root canal filling.

Material and Methods

Eighty bovine incisors were extracted, cleaned using ultrasound to remove debris and
extrinsic stains, and then stored in in water at room temperature.

The specimens were randomly divided into four groups (n = 20) according to the end-
odontic sealer: Endofill (Dentsply, Petrépolis, Brazil), Sealer 26 (Dentsply, Petropolis,
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Table 1 - Description of the endodontic sealers used in the study.

Material (Manufacturer) Composition

Powder: zinc oxide, hydrogenated resin, bismuth subcarbonate,
Endofill (Dentsply, Petrépolis, Brazil) barium sulfate, sodium boroato.
Liquid: eugenol and sweet almond oil

Powder: bismuth trioxide, calcium hydroxide, hexamethylene
Sealer 26 (Dentsply, Petrépolis, Brazil) tetramine, titanium dioxide.
Resin: epoxy bisphenol

AH Plus (Dentsply DeTrey, Konstanz, Epoxy resin, zirconium oxide, iron oxide, calcium tungstate, and
Germany) silicone oil

Paste A: salicylate resin, bismuth Trioxide, fumed silica.

MTA Fillapex (Angelus, Londrina, Brazil) Paste B: fumed Silica, titanium Dioxide, mineral.

Brazil), AH Plus (Dentsply DeTrey, Konstanz, Germany), and MTA Fillapex (Angelus,
Londrina, Brazil). Their compositions are shown in Table 1.

Commission International de I'Eclairage (CIE) L*a*h parameters’® were recorded using
Easyshade Spectrophotometer (VITA Zahnfabrik, Bad Sackingen, Germany) before
preparation and root canal filling (baseline, T0). Color readings were always recorded
on three assessment points: (i) the middle third of the crown (CM); (i) the cervical
third of the crown (2 mm above the cementoenamel junction) (CC); and (iii) the coro-
nal third of the root, immediately below the cementoenamel junction (R). Each point
was measured three times, and the final value was the mean of these readings.

Coronal opening was performed, followed by root canal treatment. The root canals
were prepared using a crown-down technigue and K-files; each canal was prepared
to a size 90 K-file (Denstply Maillefer, Ballaigues, Switzerland), which was the mas-
ter apical file using 2.5% sodium hypochlorite solution (Biodinamica, Ibipord, Brazil)
and 17% ethylenediaminetetraacetic acid (EDTA) (Biodindmica, Ibipora, Brazil) as
irrigant. The specimens were filled by Tagger's hybrid technique, using standardized
(size 90) and nonstandardized (fine-medium size) gutta-percha cones (Denstply
Maillefer, Ballaigues, Switzerland) as master and accessory cones (Denstply Maille-
fer, Ballaigues, Switzerland), respectively. Sections were then done 2 mm below the
cementoenamel junction.

After cleaning, the pulp chamber was dried with cotton pellets, and the crown was sealed
with glass ionomer cement (Shade A3, Vidrion R, S.S. White, Rio de Janeiro, Brazil).

Subsequent color readings were obtained at the following time periods after completion
of endodontic treatment: 24 hours (T1), seven days (T2), 30 days (T3), and 90 days (T4).
For standardization purposes, the same operator carried out all measurements.

The color difference (AE) between baseline and subsequent readings were calculated
according to the equation:

AE = [(ALF)+ (A59)2 + (A9 2

where AL*, Aa* and Ab* are the differences between the parameters before (baseline)
and after each period of time (AE1 = 24 hours and baseline; AE2 = 7 days and baseline,
AE3 = 30 days and baseline and AE4 = 90 days and baseline). When AE was between
1 and 3.7, the color change was considered acceptable. Values higher than 3.7 were
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Table 2 - Means and standard deviations for AE values according to endodontic sealer, tooth region and time.

Periods Regions Endofill Sealer 26 AH Plus MTA Fillapex
CM 3.59 + 1.86%5< 4.15+1.3428=4 6.59+2.9(0¢°d="2 3.74x1.2738=
T1 cC 4.1141.192b2d 3.76+1.4420= 6.70+2.23¢%4=13 347417788
R 13.2345.47% 4.64+2 46354 8.95+2.88%n 7.65+1.934=fsi
CM 2.7041.87=* 3.50+1.9728= 6.84+4 64°d=13 3.47+1.5028¢
T2 CC 3.0521.15%8= 3.99+1.4738=4 5.44+7 (4zbad=f 3.04£1.592*«
R 16.667.50'm 4.85+2 ppaoeds 8.67+3.51=fan 10.9612.74nx
CM 2.2241.27¢ 4.1141.7338=4 4.20£3.14=8=2 3.3411.46%0<
T3 cC 2.3841.342* 4.19+1.6720e4 5.07+3.312badef 3.8842.373ked
R 13.96+4.91+ 5.02+3.0430=2= 8.58+3.31=fan 13.6812.68~
CM 2.2141.14¢= 5.9343.04zhcdef 6.14+4 54bedef A4.47+7.74zked

T4 CC 2.4610.99=* 6.5943.76%=12 5.30+2.263bad=f 5.64+1.8530ad2f
R 10.33+3.9190 13.07+8.99:« 11.26+3.7301x 19.20+2.30™

CM, center of tooth crown; CC, crown at 2 mm from the cementoenamel junction; R, root right below the
cementoenamel junction.

Note: Different letters indicated statistically significant differences between the tested groups. Three-way
ANOVA and Tukey’s HSD tests, p<0.05.

considered clinically relevant and highly noticeable as considered in previously litera-
ture, with the same cut-off values using spectrophotometric analysis™".

Data were analyzed using three-way analysis of variance (ANOVA) (endodontic sealer,
tooth region, and time) over repeated measurements and Tukey's honest significant
difference (HSD) test with a significance level of 0.05.

Results

The mean values of AE with their standard deviations are presented in Table 2. Sta-
tistical analysis showed significant differences for all individual factors and the triple
interactions (p<0.01). All double interactions were statistically similar (p>0.05).

In terms of individual endodontic sealers, Sealer 26 (AE = 5.32+4.21) exhibited the
lowest AE values. Endofill (AE = 6.41+6.21), MTA Fillapex (AE = 6.88+5.31), and AH
Plus (AE = 6.98+3.77) exhibited higher AE values, which were statistically similar.

In terms of tooth region, the largest color change was ohserved at the cervical third
of the root (AE = 10.67+5.87). Color changes at the middle third (AE = 4.20+2.76) and
cervical third of the crown (AE = 4.32+2.38) were statistically similar. As for time, the
largest AE values were observed at T4 (AE = 7.7246.00). Measurements taken at T1
(AE = 5.88+3.73), T2 (AE = 6.1045.08), and T3 (AE = 5.89+4.72) were similar.

Discussion

The hypothesis regarding the difference in tooth discoloration between tooth areas
was confirmed in this study, since the largest color change was observed at the cer-
vical third of the root. Color changes observed at the middle and cervical thirds of the
crown were statistically similar.
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Color changes at crown are the most evident and relevant in clinical practice, consid-
ering that this dental portion is always visible. However, in case of gingival plastic sur-
geries are necessary in anterior teeth, the most coronal portion of the root becomes
as clinically and esthetically important as the dental crown.

The assessment point located at the cervical third of the root was associated with the
highest AE values. In this case, discoloration occurred due to the presence of filling
material, gutta-percha, and endodontic sealer. Most studies that have evaluated the
influence of endodontic sealers on tooth crown discoloration have employed only the
endodontic sealer?*711315 In the present study, the root canals were prepared and
filled using gutta-percha and endodontic sealer, using a technique similar to that used
in clinical situations. Gutta-percha is the most common core-filling material used
worldwide, but it has been reported to cause a light pink discoloration®@,

The cervical region of the crown exhibited the mildest discoloration, despite the greater
quantity and diameter of dentinal tubules™. A possible explanation for this result is
better cleaning of this region after root canal filling. Tooth discoloration also occurs
due to the presence of remaining endodontic sealer inside the dentinal tubules. In the
present study, sectioning of the root canal filling was standardized at 2 mm below the
cementoenamel junction, and the pulp chamber was cleaned with cotton pellets and
alcehol. This protocol differs from several studies that evaluated crown discoloration
promoted by endodontic sealers in which only the pulp chamber or part of it was filled
with endodontic sealer®>,

Clinically, all sealer remnants should be removed from the pulp chamber during end-
odontic treatment; however, this does not always occur, and sealer remnants can
result in color changes’. In the present study, a different protocol was used, in which
the objective was to simulate clinical reality where the endodontic cement should not
fill the pulp chamber and should be located below the cementoenamel junction.

The hypothesis that the endodontic sealer used for root canal filling may interfere with
the color stability of the crown and root was confirmed in this study. Endodontic seal-
ers usually cause color discoloration due to the presence of components that did not
react or corrosion of some of these components in the presence of humidity and/or
chemical interaction with dentin”. Some radiopacifiers such as bismuth oxide - pres-
entin some endadontic sealers, including Sealer 26 and MTA Fillapex - trigger a chem-
ical interaction inside the root canal that leads to discoloration tending toward green
or black’®. There are reports in the literature that iron oxide, present in AH Plus, can
cause grey discoloration of teeth’2 Eugenol, present in Endofill, oxidizes and changes
color aver time, leading to staining of the dental structure’,

After analysis and comparison of AE values, the group filled with Sealer 26 exhib-
ited the mildest discoloration. This result differs from the findings of Meincke et al.?,
in which the material exhibited the highest mean AE. This difference may be related to
the longer evaluation period used here.

In the present study, AH Plus demonstrated a similar discoloration level as Endofill,
corroborating the finding of Meincke et al.*. AH Plus is a resin cement containing zirco-
nium oxide as a radiopacifier, a component that is not known to cause tooth discolor-
ation®. However, the present study revealed relatively high AE values when this sealer
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was used. This color change was also observed by Thomson et al.’é, Meincke et al %,
and Forghani et al.®. Studies by Lenherr et al.® and Forghani et al.® revealed the great-
est discoloration occurred during the first three months - which was the study period
of the present investigation - and a reduction in AE values after this period.

MTA Fillapex is an endodontic sealer recently introduced into the market that has char-
acteristics similar to those of MTA®%; its potential for crown discoloration was previously
analyzed®52'2 The results of this study indicated that MTA Fillapex also had potential to
induce color alterations, which was observed by Forghani et al.%, Glrel et al.%, and Suciu
et al.?% the results differed from those of loannidis et al.?, in which MTA Fillapex exhibited
satisfactory color stability, not perceptible to the human eye.

Cements containing zine oxide and eugenol, such as Endofill, have also been evalu-
ated in several studies?#2717322 these studies have shown these cements promoted
darkening of the tooth crown, probably due to the presence of eugenol. The chromo-
genic potential of zinc oxide and eugenol (ZnOE) sealers has been attributed to the
unstable chemical bond between zinc oxide and eugenol. Nevertheless, even after the
end of the reaction, the oxidation of eugenol can cause tooth darkening with time”,

The hypothesis progressive tooth discoloration occurs over time was not confirmed
in this study. Despite the difference in values, statistically these alterations not dif-
fered. This result is different than those observed by others**'#%'. In the long-term,
core materials and sealers interact with dentin. Any change to the optical and chro-
matic properties of the dentinal structure is likely to cause an alteration in the outward
appearance of the crown due to its light transmitting and reflecting properties®'=.

After endodontic treatment, the tooth should maintain its function and its aesthetics;
thus, it is important to select endodontic sealers that promote the least amount of
tooth discoloration. This should be considered even in teeth with extensive coronal
destruction that will receive prosthetic reconstructions for reestablishment of func-
tion, since masking of such alterations requires removal of a greater quantity of tooth
structure, weakening the tooth and increasing the risk of tooth fracture in the future.

In sum, all endodontic sealers tested induced crown and root discoloration, and Sealer
26 caused the lowest amount of color change. Comparisons between tooth regions
revealed that the smallest amount of color alteration was in the cervical third of the
root. However, it is important consider that current study used bovine teeth instead
of human teeth. Although all similarities, properties differences between human and
bovine teeth must be considered when interpreting results obtained from any experi-
ment with bovine teeth substrate®.
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