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 ABSTRACT

EIntroduction: This study aimed to assess tooth discoloration at 6 months following
ithe use of 5% fluoride varnish (Duraflur), AH 26, zinc oxide eugenol (ZOE)-based
isealer and mineral trioxide aggregate (MTA)-based sealer in extracted premolars.

2‘22:“:::_ 22%112//%77//(;77 gMaterials and Methods:In this in vitro, experimental study, 75 freshly-extracted
pted: {human premolars with completely formed roots underwent root canal treatment. AH
"""""""""""""""""""""""" 126, 5% fluoride varnish (Duraflur), Endofill and MTA Fillapex were applied in the
icanals along with gutta-percha in groups 1 to 4 (n=15). No sealer was used in the con-

itrol group (n=15). The color parameters and color change (AE) of tooth crowns were

iassessed immediately after filling (T1) and at 3 and 6 months, postoperatively using a

Article info:

ispectrophotometer.
Keywords: éResults: MTA Fillapex (6.16+3.72) and Endofill (1.93+4.70) yielded the highest
canals sealer iand the lowest AE, respectively at 3 months. Endofill (7.07+2.60) and MTA Filla-

ipex (7.00+3.40) yielded the maximum and fluoride varnish (6.54+1.33) and AH 26
i(5.76+2) yielded the minimum AE at 6 months.
{Conclusion:Tooth discoloration caused by the use of 5% fluoride varnish as

éendodontic sealer was comparable to that of MTA Fillapex and less than that

Cement ‘of Endofill and AH 26.
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Introduction

Coronal discoloration caused by endodon-
tic sealers is a common occurrence that ad-
versely affects esthetics following endodontic
treatment (1). Intrinsic coronal discoloration
may be present prior to endodontic treatment
due to intrapulpal bleeding, necrosis, dystro-
phic calcification following trauma or old age
(2,3). The main cause of tooth discoloration
at the middle and cervical thirds of the crown
following endodontic treatment is presence of
root filling materials such as sealer in contact
with coronal dentin and the pulp chamber (4-
6). The main constituents of sealers such as
eugenol, phenol and silver are responsible for
coronal discoloration (7,8). Tooth discoloration
as the result of sealer application occurs due
to the penetration of sealer constituents into
dentinal tubules during or after the setting of
sealer (9). The penetration depth of sealer and
the severity of resultant discoloration depend
on dentin thickness and quality of sealer (5).

The extent and severity of tooth discoloration
caused by endodontic sealers depend on the sub-
stantivity of sealer constituents (1,10). AH 26
sealer undergoes chemical reactions in the root
canal system and releases bismuth, which caus-
es a brown to green discoloration. Corrosion of
silver present in the composition of some sealers
causes greyish to black discoloration. Modified
AH Plus contains zirconium oxide for opacity,
which also causes tooth discoloration in long-
term (11). Sealers containing zinc oxide eugenol
(ZOE) and epoxy resin-based sealers can also
cause moderate to severe coronal discoloration
(6). Mineral trioxide aggregate (MTA)-based
sealers also cause tooth discoloration despite
favorable properties such as biocompatibility
and induction of hard tissue formation (12-
14). MTA-based sealers such as MTA-Fillapex
cause grayish discoloration of dentin since
they contain tricalcium silicate, bismuth oxide
and dicalcium silicate (9). The grayish color of
MTA is also responsible for tooth discoloration.
Moreover, metal oxides such as manganese
and iron oxide cause tooth discoloration (14).

Fluoride varnish is used for caries prevention
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and coating of avulsed teeth following their de-
layed replantation. It is also effective for treat-
ment of dentin hypersensitivity (11,15). Fluo-
ride varnish was recently used as a root filling
material for primary teeth in combination with
ZOE and calcium hydroxide (16). Its advantag-
es include inhibition of Enterococcus faecalis
more efficiently than calcium hydroxide and
the ability to obstruct the dentinal tubules (15).
Rao et al, (15) Parirokh et al, (16) and Forghani
et al. (17) showed that the biocompatibility of
fluoride varnish is comparable to that of AH 26.

Insignificant cytotoxicity and optimal seal-
ing ability of fluoride varnish when used as
endodontic sealer have been previously doc-
umented (17). However, its discoloration po-
tential also needs to be evaluated prior to its
widespread use as an endodontic sealer. Thus,
this study aimed to assess tooth discoloration
following the use of 5% fluoride varnish sealer
compared to a MTA-based sealer, AH 26 and a
ZOE-based sealer. The null hypothesis was that
there would be no significant difference among
different sealers in terms of tooth discoloration.

Materials and Methods

This in vitro, experimental study was con-
ducted on 75 freshly-extracted human premo-
lar teeth with completely formed roots. The
study was approved in the ethics committee
of Hamadan University of Medical Sciences
(IR.UMSHA.REC.1396.173). The teeth were
single-canal and had no discoloration, caries,
cracks or fracture. Those with cracks, resto-
rations, fracture or caries were excluded. To
ensure absence of cracks, the teeth were eval-
uated under a stereomicroscope at x20 magni-
fication. The teeth selected for this study had
been extracted within the past 3 months. The
soft tissue residues and calculus were removed
by a curette and scalpel and the teeth were then
immersed in 10% formalin for disinfection.
They were transferred to distilled water 24
hours prior to root canal treatment. Root ca-
nal treatment was then performed. The sealers
tested in this study were Endofill, MTA Filla-
pex, AH 26 and 5% fluoride varnish (Table 1).
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Table 1. Root canal sealers used in this study and their
composition

Group Sealer Composition
Epoxy-amine resin-based
root

canal sealer, opaquer-

AH 26 (Dentsply
1 DeTrey,Konstanz,

Germany) zirconium oxide.
Resins (salicylate, diluting,
MTA Fillapex natural),bismuth trioxide,
2 (Angelus,Londria, nanoparticulatesilica,
Brazil) mineral trioxide aggregate,
pigments.
Endofill Zinc oxide,

hydrogenated resin,

3 (ProduitsDentaires SA, barium sulfate, eugenol.

Vevey, Switzerland)

5% fluoride varnish
(Duraflur;Pharma-
science,Montreal,
Quebec, Canada)

Fluoride,alcohol
and resin based solution

The teeth were immersed in sodium hypo-
chlorite for 15 minutes to eliminate organic
residues (9). Access cavity was prepared and
working length was determined using a #10
K-file (Dentsply Maillefer, Ballaigues, Swit-
zerland). The canals were then instrumented
to the working length using ProTaper nick-
el-titanium rotary instruments (Dentsplay
Maillefer, Ballaigues, Switzerland) up to F3
under irrigation with sodium hypochlorite
and 17% EDTA (Asia Chemi Teb Co., Teh-
ran, Iran). The teeth were randomly divided
into 5 groups (n=15) in according the sealer
used as follows: G1: without sealer(control),

G2: Endofill, G3: MTA Fillapex, G4:
AH 26 and G5: 5% fluoride wvarnish.

Root canals in the 4 sealer groups were dried
with paper points and were then filled with gut-
ta-percha and the respective sealer using lateral
compaction technique. Excess sealer in contact
with the external root surface was thoroughly
removed. However, the sealer in the coronal
pulp chamber was thoroughly removed. All
teeth were then restored and sealed with com-
posite resin. A spectrophotometer (Easyshade,
Advance, Bad Séckingen, Germany) was used
for colorimetry immediately after filling of teeth
(T1) and after 3 (T3) and 6 (T6) months. The
color parameters of each tooth were measured
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before and after the intervention, and the color
parameters after the intervention were compared
with the values of the same tooth before the in-
tervention. Each parameter was measured twice
and the mean value was used as the final param-
eter. Data were analyzed using SPSS version 20
at 0.05 level of significance. Descriptive sta-
tistics and statistical tests such as ANOVA (for
multiple comparisons of the groups) and two-
way repeated measures ANOVA (for intragroup
comparisons and comparison of AE among
groups with time as the repetition factor) were
applied. Normal distribution of data was evalu-
ated using the Kolmogorov-Smirnov test, which
showed normal distribution of data (P>0.05).

Results

Table 2 shows the mean and standard de-
viation of AE in the five groups. Compari-
son of AE among the four sealer groups re-
vealed that at 3 months, MTA Fillapex and
Endofill yielded the highest and the lowest
AE, respectively. Fluoride varnish and AH
26 ranked second and third, respectively.

At 6 months, Endofill and MTA Fillapex
yielded the maximum and fluoride varnish
and AH 26 yielded the lowest AE. No signifi-
cant difference was noted in AE1, AE2 or AE3
among Endofill, AH 26, MTA Fillapex and
fluoride varnish groups (P>0.05). Within-group
comparison of AE during the three time periods
of T1-T3, T1-T6 and T3-T6 with sealer as the
main factor revealed no significant difference
in the control, MTA Fillapex and fluoride var-
nish groups (P>0.05). However, the difference
in AE during the three time periods of T1-T3,
T1-T6 and T3-T6 was significant among the
AH 26, MTA Fillapex, fluoride varnish and
control groups (P<0.05). Endofill group showed
greater color change over time. Repeated mea-
sures ANOVA revealed that differences in AE
among different groups over time were not sig-
nificant but AE significantly changed over time
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Table 2. Comparison of the mean AE among the groups studied at different time periods

. AE1(T1-T3 AE2(T1-T6
Sz L Mee(mi SD) Me:fmi- SD)
Control 6.25+4.11a 6.66+3.42a
Endofill 4.70£1.93b 7.07+2.60
MTA Fillapex 6.16+3.72 7.00+3.40
AH 26 491+£1.28 5.76+2.38
Fluoride varnish 5.89+3.19 6.54+1.33
Pvalue*** 0.495 0.686

SD: Standard deviation

* Within-group comparison using Repeated measures ANOVA

AE3(T3-T6)

* % %k

Mean SD P value Pvalue
6.06+4.02a 0.894
6.69+3.97a 0.043 Group: 0.795

Time: 0.011
7.53£3.78 0.298 GroupxTime: 0.383
6.95+3.37 0.018
5.51+£3.65 0.544

0.628

** Inter-group comparison over time by repeated measures ANOVA

*#*0One way ANOV

Discussion

One important factor affecting the success of
dental restorations is their color stability over
time. Tooth discoloration caused by endodon-
tic sealers is a common occurrence, adversely
affecting esthetics following endodontic treat-
ment. The aim of this study was to evaluate
tooth discoloration at 6 months following the
use of different sealers in root canal therapy.

The CIE L*a*b* system was used for
assessment of color change in this study,
which is the most commonly used system
for evaluation of color parameters introduced
by the International Commission Illumi-
nation de L’Eclairage (18-20). Color is de-
scribed by three parameters of L*, a* and b*.

AE<I is not detectable by the human eye; AE
between 1 and 3.3 can be detected by experts
and AE>3.3 is detectable by the lay people.
AE>3.3 is not clinically acceptable (21,22).

Color perception varies among different
individuals and even in the same person at
different times. Several factors such as the
lighting conditions, translucency, opacity, light
reflection and scattering and the human eye
characteristics can affect color perception (23)

Several methods have been proposed for the
evaluation and quantification of sealer-induced
discoloration, including visual technique and
computer analysis of digital photos (6). Inher-

ent objectivity and standardization difficulties
may be improved by the use of a spectropho-
tometer. This methodology has been proven to
be accurate and reliable for quantitative tooth
color measurements (4). A major advantage
of visual spectrophotometry is that tooth color
measurement is based on the measurement of
spectral reflectance, which describes the total
reflection of a sample in visual spectrum (8).

in this study, spectrophotometry was
considered as the reference method to
determine the tooth color changes (9).
AE<3.5 was considered as the clinically
acceptable threshold of color change (9).

The findings of the current study revealed
that MTA Fillapex had the highest and Endo-
fill ZOE-based sealer had the lowest AE at 3
months. Fluoride varnish and AH 26 ranked
second and third, respectively in terms of AE. At
6 months, the highest AE was noted in Endofill
and MTA Fillapex and the lowest AE was noted
in fluoride varnish and AH 26 sealer groups.
Within-group comparison of AE during T1-T3,
T1-T6 and T3-T6 regarding the type of sealer
showed no significant difference among the con-
trol, MTA Fill apex and fluoride varnish groups
(P>0.05). However, the difference in AE during
the three time periods of T1-T3, T1-T6 and
T3-T6 was significant among the AH 26, MTA
Fillapex, fluoride varnish and control groups
(P<0.05). Endofill group showed greater color
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change over time. The reason may be the fact
that AH 26 sealer undergoes chemical reactions
in the root canal and releases bismuth, which
causes brown to green discoloration. Also, cor-
rosion of silver in the composition of sealers
causes a greyish to black discoloration (11).

ZOE sealers cause fast and severe discolor-
ation in tooth crown due to the weak and un-
stable chemical bond between zinc oxide and
eugenol, which is susceptible to self-oxidation
even after completion of setting reactions of
eugenol. As the result, its color becomes dark-
er over time (1,4). A previous study showed
that MTA Fillapex caused fast and severe
tooth discoloration at one week after its ap-
plication using spectrophotometry (24).This
finding was in agreement with our results.

loannidis et al. (4) evaluated coronal dis-
coloration caused by MTA and ZOE-based
sealers over a 3-month period using a spec-
trophotometer and concluded that ZOE-based
sealers cause much greater discoloration than
MTA-based sealers. They used Roth’s 811
sealer, which is a zinc oxide-based sealer, and
is different from the sealer used in our study.
Roth’s 811 sealer causes severe and fast tooth
discoloration one week after application (4).

In another study, loannidis et al. (6) evaluated
coronal discoloration due to AH 26, GuttaFlow,
Roth’s 811 and Epiphany sealers at 1 week, 1
month, 3 months and 6 months using a spec-
trophotometer and found that Roth’s 811 ZOE-
based sealer caused the greatest discoloration.
They did not use a MTA-based sealer for the pur-
pose of comparison; but in line with our findings,
zinc-oxide sealer caused the highest color change
at 6 months. Partovi et al. (8) stated that zinc-
oxide-based sealers have the highest tooth dis-
coloration potential among endodontic sealers.

Sucia et al. (9) evaluated coronal discolor-
ation caused by 4 endodontic sealers namely
EndoFill, AH Plus, Apexit and MTA Fillapex at
1 week and 3 months using a spectrophotometer
and found that all sealers cause some degrees
of discoloration but AH Plus and Endofill are
associated with the highest degree of color
change. They evaluated the color change at 3

Summer 2019, Volume 8, Number 3

months, which is shorter than the assessment
period of 6 months in our study. Aziz et al. (25)
assessed coronal discoloration caused by three
endodontic sealers namely AH Plus, Apexit
Plus and Sultan using spectrophotometry at
3, 7 and 10 days and concluded that AH Plus
and Sultan caused the greatest color change.

Zare Jahromi et al. (5) studied coronal dis-
coloration caused by AH 26 and ZOE sealers
during 4 months by digital photography of the
labial surface of 50 central incisors and con-
cluded that AH 26 caused significantly greater
discoloration that ZOE. Their results were
different from our findings, which may be due
to the difference in the study period and meth-
od of assessment of color change over time.

Our findings revealed that fluoride var-
nish used as endodontic sealer did not cause
significant discoloration during the 6-month
period of study. Evidence shows that fluoride
varnish causes a temporary color change when
applied on the enamel and dentin surfaces for
caries prevention, but this discoloration re-
solves within 24 hours (26). Thus, it seems
that application of fluoride varnish as sealer
does not cause significant coronal discolor-
ation and is comparable to MTA-based sealers.

Some previous studies evaluated the applica-
tion of fluoride varnish as sealer. Rao et al, (16)
and Parirokh et al. (17) evaluated the bacterial
leakage of fluoride varnish and demonstrated
that its sealing ability was similar to that of
AH26. Thus, it has the potential for use as an
endodontic sealer. Furthermore, Forghani et
al. (18) evaluated the cytotoxic effects of flu-
oride varnish on human gingival fibroblasts
when used as endodontic sealer and found that
the rate of cell viability following exposure
to fluoride varnish was similar to that of AH
26. Thus, fluoride varnish can be suggested
as an endodontic sealer due to possession of
favorable properties such as optimal biocom-
patibility, low bacterial leakage, acceptable
antimicrobial activity, fluoride release potential
and insignificant color change of tooth crown.

Autio-Gold et al. (27)stated that Duraphat
fluoride varnish causes perceivable color
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change in restorations, which is clinically
acceptable. They used a colorimeter (Chro-
ma-meter, Minolta) for color assessment
(27). However, a spectrophotometer was
used in our study, which is more accurate.

Future studies are recommended to use a ste-
reomicroscope to assess the penetration depth
of sealer into the dentinal tubules and the resul-
tant discoloration. Studies are also required on
the biocompatibility and physical properties of
fluoride varnish when used as endodontic sealer.

Conclusion

The coronal discoloration caused by the
application of fluoride varnish as endodon-
tic sealer was comparable to that caused
by MTA Fillapex and less than that caused
by Endofill ZOE-based sealer and AH 26.
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