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Abstract
Objectives A major cause of crown discoloration is root
canal sealer remnants in the pulp chamber, after root canal
obturation. The aim of this study was the evaluation of the
chromogenic effect of common and new-generation root
canal sealers. The tested null hypothesis was that none of
the sealers induced clinically perceptible crown discolor-
ation, ex vivo (H0: CIE color difference ΔΕ<3.7).
Methods The crowns of 80 intact, fully developed third
mandibular molars were cross-sectioned 1 mm below the
cementoenamel junction and stored in standard conditions
(100 % humidity, 37 °C). The pulp chambers were chemo-
mechanically debrided with hand files and sodium hypo-
chlorite (NaOCl) and the specimens were randomly
assigned into four experimental (1–4) and one control (5)
groups. In the experimental groups, the internal axial walls
of the pulp chambers were coated with sealers (Group 1;
Roth 811, Group 2; AH26, Group 3; GuttaFlow, Group 4;
Epiphany SE). The pulp chambers of the control group
(Group 5) remained unfilled. The spectral reflectance lines

of the crowns were recorded by a UV–Vis spectrophotom-

eter. CIE total color differences ðE ¼ ½ðL�Þ2 þ ða�Þ2 þ
ðb�Þ2� 12Þ were calculated after 1 week, 1 month, 3 months,
and 6 months, respectively. A pilot study was also con-
ducted for the validation of the experimental model. Two-
way mixed ANOVA models were used for statistical data
analysis.
Results The experimental model presented values of ΔΕ<1
unit and high positive correlation values, after repeated
measurements (p<0.05). Roth 811 sealer (Group 1) induced
clinically perceptible crown discoloration (ΔΕ>3.7, p<
0.05) and presented statistically significant differences from
Groups 2–5 in all examination intervals (p<0.05). In Groups
2–5, clinically perceptible crown discoloration was not ob-
served (ΔΕ<3.7, p<0.05).
Conclusions Roth 811 sealer exhibited severe discoloration
effects. Within the limitations of this study, it can be con-
cluded that any sealer remnants should be removed from the
pulp chamber after root canal obturation and before place-
ment of a final restoration.
Clinical relevance The chromogenic potential may play an
important role in selecting proper root canal sealers.
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Introduction

Poor aesthetic appearance of teeth involved in endodontic
procedures is an ongoing concern for clinicians that signif-
icantly affects patients’ quality of life [1]. Occurrence of
local intrinsic crown discoloration may exist prior to root
canal treatment due to pulp bleeding and subsequent necro-
sis, dystrophic calcification after dental trauma, or aging [2,
3]. After root canal treatment, discoloration may arise as a
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result of the interaction of root canal irrigants or after place-
ment of antibiotic pastes, repair, and temporary and root canal
filling materials [2, 3].

A major etiological factor for the occurrence of local
intrinsic staining in the cervical and middle third of the
crown is the presence of root canal filling materials in
contact with the coronal dentin of the pulp chamber [3].
On the long-term, core materials and sealers interact with
dentin. Any change to the optical and chromatic properties
of the dentinal structure is likely to cause an alteration in the
outward appearance of the crown caused by its light trans-
mitting and reflecting properties [2].

The reduction of the coronal aspect of the root canal
filling below the clinical cervix is essential for the preven-
tion of sealer-induced crown discoloration in the anterior
aesthetic zone. However, sealer remnants cannot be always
thoroughly removed from the pulp chamber in case of
limited visualization when an operating microscope is not
used. Sometimes they are present due to clinician’s negli-
gence to provide adequate in-depth mechanical and chemi-
cal cleaning of the cervical and coronal axial dentinal walls
after root canal obturation. Several laboratory studies have
shown that sealer remnants (ZnOE, epoxy-based, calcium
hydroxide, tricalcium phosphate) are capable of inducing
mild, moderate, or severe crown discoloration [4–8].
Sealer-induced discoloration is progressive and the severity
is associated with their chemical consistency [5, 6]. The
chromogenic potential of new-generation sealers, including
silicon-based and methacrylate-based sealers, has not been
investigated yet.

Several methods have been proposed for evaluation or
measurement of sealer-induced crown discoloration, includ-
ing visual assessment and color matching with sets of color
tabs in standard light conditions [4–6], evaluation of dentin
color alterations in longitudinal sections of pulp chambers
[7], and computer analysis of digital photos [8]. Digital
colorimeters and spectrophotometers are also available for
objective color measurement in clinical and laboratory con-
ditions [9]. Spectrophotometers are considered as reference
instruments in the field of color science and have been used
successfully in dentistry for quantitative tooth color meas-
urements [10–13]. Spectrophotometry has not been used for
investigation of sealer-induced discoloration yet.

Instrumental measurements, including dental colorime-
ters and spectrophotometers, commonly utilize the Commis-
sion International de I’Eclairage’s (CIE) L*a*b* system
[14]. CIE is an organization recognized by ISO as an inter-
national standardization body on the subject of light, vision,
and color. The CIE L*a*b* system is a three-dimensional,
uniform colored space with L* (lightness), a* (red to green),
and b* (yellow to blue) parameters. Τhe total color differ-
ence between two objects is expressed numerically by their
Euclidean distance, in ΔΕ values [14].

The aims of this study are: (1) the performance of a pilot
study for the validation of a novel experimental method and
(2) the investigation of chromatic alterations in tooth crowns
induced by commonly used and new-generation sealers,
including spectrophotometric measurement of ΔΕ units, in
the CIE color system. The research hypothesis to be tested
was that none of the tested sealers induced perceptible
chromatic alterations.

Materials and methods

Preparation of teeth

For this study, 80 (N080) intact freshly extracted, fully
developed, impacted, and semi-impacted third mandibular
molars were collected from the Clinic of Oral and Maxillo-
facial Surgery (School of Dentistry, Aristotle University of
Thessaloniki, Greece). The teeth were indicative of extrac-
tion after clinical and radiological examinations. Personal
details, age, gender, and medical history of the donors
remained confidential. All procedures were contacted in
accordance with the protocol outlined by the Ethical Com-
mittee of the School of Dentistry and the Research Com-
mittee, Aristotle University of Thessaloniki, Greece.

Soft tissue was removed by using hand scalers after
soaking the teeth in 2.5 % sodium hypochlorite (NaOCl)
for 10 min. Access cavity preparation was not performed.
Teeth were cross-sectioned in the coronal third of the root
complex, 1 mm below the cementoenamel junction. The
apical segments were discarded and the crowns were pre-
served. The internal axial walls of the pulp chambers were
chemomechanically debrided with Hedstrom files (No. #60-
80) and 2.5 % w/w NaOCl (6 mL) through the apical access.
No attempt was performed to remove the smear layer.

Crowns were stored in individually marked polyethylene
tubes containing distilled water (100 % humidity) up to the
cervix of the crown in an incubator at 37 °C. The specimens
were randomly assigned to four experimental and one neg-
ative control groups. The evaluated sealers were: Roth 811
(Roth International, Chicago, IL, USA) (Group 1; ZnOE
sealer / n1017), AH-26 (Dentsply, Maillefer, Ballaigues,
Switzerland) (Group 2; epoxy resin-based sealer / n2017),
GuttaFlow (Roeko, Coltene, Whaledent Ltd., Langenau,
Germany) (Group 3; polyvinilosiloxane-based sealer with
incorporated gutta-percha particles / n3017), Epiphany SE
(Pentron Clinical Technologies, Wallingford, CT, USA)
(Group 4; methacrylate resin-based sealer / n4017).

The sealers were prepared according to the manufac-
turer’s instructions. A finger plugger was used to coat the
internal axial walls with the sealers via the cervical access.
A mild lateral pressure was applied in order to mimic the
applied forces in the pulp chamber during the lateral
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condensation technique. In Group 4, light curing was also
performed in order to achieve the dual polymerization pro-
cess. The apical access was sealed with a thin layer of glass
ionomer cement (Ketac Cem Aplicap, 3M, ESPE, Seefeld,
Germany). The pulp chambers of the control group (Group
5 / n5012) were filled with distilled water.

Measurement of chromatic alterations

The chromatic alterations were measured by a double-beam
UV–Vis spectrophotometer (UV-2401PC, Shimadzu Corpo-
ration, Kyoto, Japan). Standard D65 illumination (Western/
Northern Europe midday daylight) was chosen [14]. The
spectrophotometer was linked to a computer, which
recorded the spectral reflectance curves of the crowns, in
visual spectrum (380–780 nm). In a specific software
(Color Analysis UV-2401PC, Shimadzu Corporation,
Kyoto, Japan), spectral curves were transformed into CIE
L*, a*, and b* values.

The spectrophotometer was calibrated at each time
interval and measurements were performed prior to the
placement of the root canal sealers (baseline: t0) and
consecutively 1 week (t1), 1 month (t2), 3 months (t3),
and 6 months (t4) after sealer placement. Total color
differences (ΔΕ) were measured according to the equa-

tion: Ei ¼ Li � L0�ð Þ2 þ ai � a0�ð Þ2 þ bi � b0�ð Þ2
h i1

2 (i 0

values of parameters at t1, t2, t3, t4/00values of parameters at
t0). The proposed acceptance for color matching adopted in
this study was at 3.7ΔΕ units (perceptibility threshold), be-
yond which the differences are clinically perceivable [15].

A mounting system was developed for the customization
and the reproducibility of each crown’s position. In the
black bakelite sample assembly, the cylindrical inner frame
(diameter02 cm, inner height00.2 cm) was filled with
black, thermoplasticized silicone. The lingual surface of
each crown was fixed within the silicone mass, during the
cooling phase, in order to fit in the circular opening of the
aperture mask of the integrating sphere. The dimension of
the polychromatic beam that illuminated the sample was 7×
7 mm. The majority of the buccal surface of the crown and
the cervix was exposed and measured in order to simulate
clinical appearance. During measurements, crowns were
immediately (<1 min) transferred from their polyethylene
tubes to the spectrophotometer in order to retain their hu-
midity and prevent procedural enamel color alterations
caused by drying [16].

A pilot study was conducted for the validation of the
proposed method, before the experimental measurements.
Ten specimens (n010) were randomly collected from the
initial sample. The effect of the mounting system on the
alterations of CIE L*, a*, and b* parameters and ΔΕ differ-
ences was evaluated in three observation periods (A:

initially, B: after 48 h, and C: after 1 week). In the beginning
of the experimental period, the operator’s measuring accu-
racy and error were recorded initially (baseline: t0) and after
24 h (t24 h). After the pilot study, the teeth were rearranged
in the sample and further randomization was performed in
order to create the four experimental and the one control
groups.

All measurements were repeated twice and mean values
were recorded as soon as their difference did not exceed the
estimated operator’s error. Otherwise, a third measurement
was performed.

Statistical analysis

In the pilot study, reproducibility and operator’s measuring
accuracy were measured with Pearson’s r correlation coef-
ficient. The agreement between the measurements was esti-
mated by limits of disagreement [17]. Dahlberg’s formula
was used to estimate the precision of the method and the
operator’s error. One sample t test was used to test the null
hypothesis that mean ΔΕ chromatic differences were equal
to the perceptibility threshold (H0: ΔΕAB, BC, AC03.7). Mean
L0*, a0*, and b0* values of all groups were subjected to
intergroup comparisons for the investigation of the equality
of the initial optical properties of the included teeth.

Sample size was calculated after power analysis based on
the results of the pilot study, according to the equation:

n ¼ 2eðz1�a 2= þ zbÞ2σ2f1þ m� 1ð Þρg m2 ¼ 12
�

(ρ00.5,
σ204, Δ02.2, the chosen values of Δ and σ2 were greater
than the observed ones) [18]. In the control group, 12 teeth
were used. For each experimental group, 17 teeth were used
to enhance the reliability of the results, since measurements
were performed prospectively.

Two-way ANOVAwith repeated measurements was used
for data analysis of the color differences (ΔΕ). The signifi-
cant effects and interactions of the experimental factors were
investigated with pairwise comparisons, which were con-
ducted with Bonferroni’s method. The overall analysis was
performed with SPSS software (version 16.0, SPSS Inc.,
Chicago, IL, USA). The level of statistical significance
was set at p<0.05. The null hypothesis to be tested was that
none of the tested sealers induced crown discoloration that
exceeded the perceptibility threshold (H0: ΔΕ<3.7, p<0.05).

Results

Pilot study

The results of the pilot study are presented in Table 1. With
regard to the CIE L*, a*, and b* values, the method’s error
(accuracy) ranged from 0.17 to 0.79 U (<1 U) for all
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observation periods. The values were included within
the limits of disagreement (Table 1a). The evaluation
of the reproducibility of the experimental method
showed high positive correlation values for all chromat-
ic parameters (Table 1a, Pearson’s Correlation Coef-
ficient00.87–0.99). Mean (SD) ΔΕAB, BC, AC values
were statistically significant from the perceptibility
threshold (ΔΕ03.7, p<0.05) (Table 1b). Operator’s error
for CIE L*, a*, and b* values was found to range from
0.37 to 0.57 U (<1 U). Operator’s reproducibility
showed high positive correlation values (Table 1c, Pear-
son’s Correlation Coefficient00.97–0.99). The intergroup
comparison of mean (SD) L0*, a0*, and b0* values did not
present statistically significant differences (p>0.05); thus, the
collection of the specific group of teeth was correct with
regard to the initial chromatic properties of the total sample
(Table 1d).

Experimental study

The results of the two-way ANOVA for the total color
differences (ΔΕ) with respect to the effects of time, groups,
and their interaction are presented in Table 2. Time had a
significant effect on the values of total color differences
(ΔΕ) [F(2.245, 159.417)018.827, p<0.001]. The effect of
the groups to the values of total color differences (ΔΕ) was
also statistically significant [F(4, 71)061.969, p<0.001].
The interactions between time and groups demonstrated a
significant effect to the values of total color differences (ΔΕ)
[F(8.981, 159.417)08.603, p<0.001].

The results of mean (SD) total color differences (ΔΕ) of
all groups are presented in Table 3. Two crowns were
excluded from Groups 3 and 4 due to enamel–dentin frac-
ture and loss of customization from the mounting system.
One week after sealer placement, mean ΔΕ of Roth 811
(Group 1) exceeded the perceptibility threshold (p<0.05).
Roth 811 (Group 1) displayed the most severe discoloration
in comparison with Groups 2–5. Intergroup comparisons
showed that mean ΔΕ values of Roth 811 were statistically
different from mean ΔΕ values of Groups 2–5 at all obser-
vation periods (p<0.05).

Experimental Groups 2–4 did not exceed the perceptibil-
ity threshold at any examination period. After 6 months,
mean ΔΕ4 value of AH-26 (Group 2) was close to the
perceptibility threshold, without exceeding it. However, af-
ter within-group comparisons, statistically significant values
were observed with ΔΕ values of the previous examination
periods (p<0.05).

Mean ΔΕ values of the control group (Group 5) reached
1 U during the first 3 months. After 6 months, mean ΔΕ4

was statistically significant in comparison with mean ΔΕ1

values (p<0.05).

Discussion

The application of spectrophotometry in several laborato-
ry and clinical studies offers the opportunity for quanti-
tative measurements and data comparison as soon as
accuracy and reproducibility are accomplished [11–13].
A major requirement for the application of instrumental
measurements is the minimization of systematic and pro-
cedural errors. Systematic errors cannot be totally con-
trolled, are inherent in all instruments, and may result
from fluorescence, instrument metamerism, and variations
in measurement geometry [19]. On the contrary, proce-
dural and random errors can be minimized by controlling
several methodological and environmental factors in or-
der to reduce the amount of uncertainty during the mea-
surement. The pilot study confirmed the validity of this
novel laboratory methodology. However, the differences
in the previous experimental protocols for the reproduc-
tion of crown discoloration and the lack of methodolog-
ical standardization for the precise evaluation or
measurement of color alterations still exist and have not
been overcome yet; thus, the available scientific data
from previous studies present an inherent heterogeneity.

In this laboratory study, the investigation of the discolor-
ation potential of root canal sealers was based on the gen-
eration of a “worst case scenario” by leaving a significant
amount of sealers in direct contact with the axial dentinal
walls and several anatomical features of the pulp chamber.

Table 2 Results of two-way
ANOVA for color differences
(ΔΕ) with respect to the effects
of groups, time, and their
interaction

Source of variation Type III sum
of squares

df Mean square F Significance
(p value)

Color differences (ΔΕ)

Intercept 703.867 1 703.867 796.872 0.000

Groups 218.946 4 54.736 61.969 0.000

Error (groups) 62.713 71 0.883

Time 42.273 2.245 18.827 15.555 0.000

Time×Groups (interaction) 77.265 8.981 8.603 7.108 0.000

Error (time) 192.951 159.417 1.210
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The results of this study do not directly represent the in vivo
tooth discoloration potential of root canal sealers in good
clinical practice. However, the knowledge of the magnitude
of the sealers’ chromogenic potential indicates that thorough
cleaning measures should be considered to prevent discol-
oration postoperatively.

Different tooth groups present different responses to den-
tal materials in terms of induced discoloration due to varia-
tions in tooth morphology; size; shape; arrangement of
enamel prisms, enamel, and dentine layer thickness; and
dentine tubules thickness [20, 21]. Although the concerns
of the stated clinical problem affect the anterior esthetic
zone, the collection of 80 freshly extracted maxillary inci-
sors was an unrealistic target, considering the scarcity of
these teeth in an intact morphological, anatomical, and color
condition to use in a laboratory study. The collection of
freshly extracted, fully developed, impacted, and semi-
impacted mandibular third molars was decided as a result
because the availability of these teeth is abundant. The teeth
were immediately collected from the surgical operational
field and they were unaffected by intraoral exogenous fac-
tors such as aging, decay, extrinsic stains, calculus, and
abrasions that may pose an effect on their optical properties.
Among Groups 1–5, the chromatic parameters L0*, a0*, and
b0* did not differ at levels of statistical significance, while
they were homogeneous regarding the sample’s homogene-
ity tests (Shapiro–Wilk). Thus, the assessment of the initial
sample’s chromatic properties, size, and shape homogeneity
revealed that the specific sample included appropriate sub-
jects for this study.

Following root sectioning, access cavity preparation was
not performed in order to isolate the discoloring effects of
the root canal sealers within the pulp chambers. Several
anatomical features of the pulp cavity such as pulp horns,
recessions, and pits remained intact. In clinical practice, if
these areas remain after inadequate access cavity prepara-
tion, then they are not accessible for thorough debridement
and may predispose for the appearance of crown discolor-
ation as soon as root canal sealers remain and penetrate
through incisally directed tubuli.

The preservation of the occlusal surface aided in the
prevention of alterations in specimen’s optical properties
due to removal of tooth structure, placement of restorative
materials, and coronal microleakage. In addition, the place-
ment of apical seal and the preservation of distilled water up
to the specimens’ height prevented the effect of other sour-
ces of variability, which cannot be properly standardized or
may lead to bias, such as the solubilization of sealers and the
external staining of the specimens by their leaching
components.

During specimen preparation, the smear layer was not
removed. The application of EDTA is mainly indicated for
the removal of smear layer from the root dentine of the
entire root canal system and especially of the apical third
[22]. There are no available studies showing the effects of
EDTA in coronal dentine of the pulp chamber during irri-
gation. In clinical practice, the presence of a layer of inor-
ganic debris in the pulp chamber may exist after the removal
of the excessive core root canal filling materials. This may
prevent or slow the possibility for diffusion of sealer chro-
mogenic components into the tubules due to the occlusion of
dentinal tubules. The results of a previous study showed that
sealer-induced coronal discoloration occurs even in the
presence of smear layer [6].

Significant emphasis was given for the preservation
of all specimens in a relatively humid state during the
measuring process in order to prevent enamel color alter-
ations caused by drying that lead to experimental bias.
The dehydration of dental tissues and enamel, especially
in laboratory and clinical conditions, leads to reversible
changes in the optical properties including enhancement
of reflectance properties and subsequent lightness increase
[16, 23].

The sole measurement of CIE total color differences from

the equation E ¼ ½ðL�Þ2 þ ða�Þ2 þ ðb�Þ2�
1

2 allows for a
mathematical comparison. Although the equation does not
indicate the direction of the color differences, it clearly
demonstrates the intensity of color changes which can be
distinguished by the human eye. In dental science, when ΔΕ
values are less than 1 U, then color match occurs and any

Table 3 Mean (SD) ΔΕ values of Groups 1–5 in all examination periods

Groups Number 1st week (ΔΕ1, t1�t0) 1st month (ΔΕ2, t2�t0) 3rd month (ΔΕ3, t3�t0) 6th month (ΔΕ4, t4�t0)

Roth 811 (Group 1) 17 4.95 (1.65)a 5.60 (1.68)a 7.52 (1.92)a 6.88 (1.88)a

AH-26 (Group 2) 17 2.07 (0.86) 2.34 (0.99) 2.42 (0.06) 3.54 (1.24)b

GuttaFlow (Group 3) 15 2.03 (0.82) 2.19 (0.89) 2.63 (1.33) 3.04 (1.70)

Epiphany SE (Group 4) 15 3.07 (0.94) 3.10 (0.91) 2.83 (1.17) 2.11 (1.10)

Control (Group 5) 12 0.77 (0.45) 1.03 (0.54) 1.11 (0.63) 2.12 (1.12)c

a Statistically significant differences after intergroup comparisons between Group 1 and Groups 2–5
b Statistically significant differences after within-group comparisons (Group 2) between ΔΕ4(G2) and ΔΕ1(G2), ΔΕ2(G2), ΔΕ3(G2)
c Statistically significant differences after within-group comparisons (Group 5) between ΔΕ4(G5) and ΔΕ1(G5)
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color differences cannot be identified by independent
observers in vitro [19]. However, color determination in
clinical dentistry may become complicated by adjacent an-
atomic structures and lighting conditions. As a result, the
proposed acceptance for color matching in dentistry has
been set to 3.7 U (perceptibility threshold), beyond which
differences are clinically visible [15].

The results of this study are comparable with the results
of one quantitative study, in which sealer-induced discolor-
ation was examined by computer analysis of digital images
[8]. After 6 months, ΔΕ values of the tested ZnOE-
containing sealers exceeded the perceptibility threshold (6
U) [8]. In the present study, ΔΕ values of Roth 811 sealer
exceeded the perceptibility threshold after 1 week of exam-
ination (Fig. 1). Although it is not easy to determine the
exact time for the initial rise of perceptible discoloration,
previous studies have shown that visible crown discolor-
ation may appear after 7 weeks and 3 months of observation,
respectively [4–6]. Our findings can be explained by the fact
that the first measurement took place 1 week after sealer
placement. Despite the differences in the experimental
methodologies, the results of the available studies indicate
that ZnOE sealers exhibit fast and severe chromogenic
effects in crowns [4–6]. The chromogenic potential of ZnOE
sealers has been attributed to the unstable chemical bond
between ZnO and eugenol [24]. Even after the end of the
setting reaction, eugenol release leads to self-oxidation and
becomes darker with time [25]. Moreover, ZnOE sealers
present increased solubility [26, 27]. This type of crown
discoloration has been characterized as chemical discoloration
[24]. Clinicians should be aware of the presence of ZnOE
sealer remnants, especially in the anterior esthetic zone. Thor-
ough debridement of the pulp chamber is essential to prevent
or to reduce the possibility of discoloration rise.

AH-26 sealer did not induce chromatic alterations that
exceeded the perceptibility threshold. Our results are in
accordance to a previous report, in which ΔΕ values ranged
from 2.2 to 3.3 U during the first 6 months of examination
[8]. However, the visual assessment of crowns in Group 2
revealed localized grayish discoloration in the cervical third.
This macroscopic finding is in accordance with previous
studies, which investigated crown discoloration by means
of visual assessment [5, 6]. Based on the current instrumen-
tal measurements, this finding did not affect the overall
chromatic appearance of the crown (Fig. 2). In the first
generation of silver-containing AH-26 sealer, the chromo-
genic potential was attributed to the release of silver ions
during and following setting reaction [5]. Despite the man-
ufacturers’ claims that new-generation epoxy-based sealers
are silver-free, it is obvious that the risks of potential dis-
coloration have not been overcome yet.

Crown discoloration induced by GuttaFlow and
Epiphany SE sealers has not been investigated before.
GuttaFlow is a polyvinylosiloxane-based sealer, in
which gutta-percha particles are incorporated for better
consistency with gutta-percha core material and adapta-
tion to the canal walls [28]. Gutta-percha is capable of
inducing mild pinkish discoloration after 15 weeks of
visual assessment by experienced observers [4]. The
measurement of color differences induced by gutta-
percha showed that ΔΕ values ranged from 2.2 to
2.7 U after 6 months of examination [8]. Despite the
methodological differences, our study confirmed the previous
report and the results showed that neither the incorporated
gutta-percha nor the polyvinylosiloxane matrix of GuttaFlow
induced perceptible color differences.

Epiphany SE has been manufactured as a new version of
the first-generation Epiphany sealer, with improved

Fig. 1 Group 1 (Roth 811). A
Initial color appearance of
crown (t0). B, C Severe,
perceptible discoloration of the
cervical and middle third of the
crown, during the first and sixth
months of examination

Fig. 2 Group 2 (AH26). A Ini-
tial color appearance of crown
(t0). BMild decrease of lightness
of the cervical third of the crown
in the first month of examination.
C Intense local grayish discolor-
ation of the cervical third of the
crown during the sixth month of
examination (blue arrow)
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physicochemical and handling properties [29, 30]. Based on
a theoretical concept, it was expected that humidity
could have led to setting contraction and sealer color
changes, affecting the overall tooth color. On the con-
trary, the polymerized resinous matrix did not present
any staining potential, whereas the induced chromatic
alterations were not perceptible. Epiphany SE was the
only sealer that led to a different pattern of total color
changes in comparison with the increasing tendency
observed in Groups 1–3. More specifically, ΔΕ values
presented an initial short-term increase up to the first
month and then dropped in levels equal to the control
group. This observation may be attributed to alterations
in specimens’ optical properties due to the physical
presence of the sealer in the internal dentinal surface
and possible interactions of the resinous matrix with
dentin. However, this statement requires further
investigation.

Within the limitations of the experimental study, all
tested sealers induced varying chromatic alterations. In
the rejection of the null hypothesis, Roth 811 sealer
induced fast and severe discoloration and exceeded the
perceptibility threshold 1 week after sealer placement.
Therefore, any sealer remnants should be removed from
the pulp chamber after root canal obturation and before
placement of a final restoration. AH 26 induced moder-
ate discoloration that tended to reach the perceptibility
threshold after 6 months. GuttaFlow and Epiphany SE
sealers posed the least risk for potential staining effects.
Apart from basic properties such as biocompatibility and
good sealing ability, chromogenic potential may also
play an important role in selecting proper root canal
sealers. The proposed experimental model is appropriate
for the investigation of the chromogenic potential of
interacting endodontic biomaterials, including root canal
irrigants, medicaments, and newly developed root canal
filling and repair materials.
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