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ABSTRACT

Aim: The purpose of this study is to evaluate and
compare the effects of different concentrations of
phytic acid on smear layer removal and erosion.
Materials and Methods: Sixty freshly extracted,
single-rooted, mandibular second premolar teeth with
relatively similar dimensions and lengths were selected
for this study. All of the teeth were instrumented with
Protaper Universal files, using the crown-down
technique up to size 30, 0.06 taper (F3). Groups are
as follows; Group 1 (Control): 5 mL distilled water (1
min), Group 2: 5 mL 17% EDTA (1 min), Group 3: 5
mL 1% phytic acid (1 min), Group 4: 5 mL 0.5%
phytic acid (1 min). Root canals were irrigated
between each file with 2 ml, 5% NaOCl.
Photomicrographs were taken at x2000 magnification,
from the coronal, middle and apical third of each
specimen for evaluation.

Results: The 1% phytic acid solution proved to be
more effective than the conventional 17% EDTA
solution even when the concentration was reduced by
50%. Seventeen percent EDTA solution was effective
in the removal of the smear layer at the coronal and
middle thirds of the root canal. However, the solution
was not as effective at the apical third of the root
canal. While specimens treated with the 1% phytic
acid caused the highest erosion, the 0.5% phytic acid
and 17% EDTA followed.

Conclusions: There is very little research to suggest
that phytic acid can be used as an alternate root canal
chelating agent. Therefore, more research needs to be
conducted to be able to evaluate the effects of phytic
acid solution on the root canal dentine.
Keywords: Smear layer, phytic acid,
chelating agents

erosion,

Amag: Bu calismanin amaci tek kokli dislerde son
irrigasyon ajani olarak farkli konsantrasyonlarda kulla-
nilan fitik asit sollisyonlarinin smear tabakasini uzak-
lastinlma etkinliginin, erozyon (zerindeki etkilerinin
diger irrigasyon sollisyonlari ile karsilastiriimasidir.
Gereg¢ ve Yontem: Altmis adet, tek kokll insan alt
cene ikinci premolar disler calismada kullaniimistir.
Digler doner alet yardimiyla genigletildi. Ni-Ti Protaper
Universal doner egeleri ile Uretici firma talimatlarina
gore sirasiyla SX, S1, S2, F1, F2 ve F3 enstrumanlar
kullanilarak genigletildi. Her deney grubunda farkli so-
Iisyonlar son irrigasyon ajani olarak kullanildi. Gruplar;
Grup 1 (Kontrol): 5 mL distile su (1 dk), Grup 2: 5 mL
17% EDTA (1 dk), Grup 3: 5 mL 1% fitik asit (1 dk),
Grup 4: 5 mL 0.5% fitik asit (1 dk). Smear tabaka ve
erozyon degerlendirmesi, koklerden alinan vertikal
kesitlerin, taramali elektron mikroskobu altinda, x2000
blylitmede, koklerin koronal, orta ve apikal Ugliisin-
den alinan gorintiler kullanilarak yapildi.
Bulgular:Calismanin sonuglarina gore %1 fitik asit so-
lisyonu, soliisyonun konsantrasyonu yari yariya azal-
tilsa bile (%0,5 fitik asit), konvansiyonel selasyon aja-
ni %17 EDTA'dan smear tabakasini uzaklastirma kabi-
liyeti agisindan daha etkilidir. %17 EDTA soliisyonu,
koronal ve orta Ugli seviyelerinde etkili bir sekilde
smear tabakasini uzaklastirirken, apikal Ggli seviye-
sinde ayni etkiyi gésterememistir. Soltisyonun pH'sinin
bu kadar asidik olmasi ve yliksek selasyon yetenegdi ol-
masina ragmen, dentinde orta derecede erozyona
neden olmustur.

Sonuglar: Fitik asit soliisyonunun, kék kanal sistemin-
de meydana getirdigi olumlu ve olumsuz etkilerin daha
iyi anlasiimasi, kok kanal tedavisinde klinik kosullarda
kullanilabilirliginin dederlendirilmesi icin daha fazla in
vivo ve in vitro bilimsel galismalar yapilmasi gerekmek-
tedir.

Anahtar Kelimeler:
erozyon, selatér ajanlar

Smear tabakasi, fitik asit,
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INTRODUCTION

Due to the complex anatomy of the root canal
systems, it is impossible to achieve a sterile root canal
system with only mechanical preparation.! Irrigation,
which aids in the elimination of microorganisms, tissue
dissolution, cleaning and chelating is a vital step
during root canal treatment.? Studies have
demonstrated that instrumentation leaves a smear
layer covering the dentinal tubule orifices of the root
canal dentine.? Despite many arguments to maintain
this layer, previous research has proven that the
smear layer consists of bacteria and necrotic tissue,
and retains the bacteria within the dentinal tubules.*
The removal of the smear layer is favoured because it
improves the adaptation of the filling materials to the
dentinal wall > and allows the irrigating solutions and
root canal medicaments to penetrate deeper into the
dentine tubules.® Therefore, the search for an ideal
irrigation solution with broad anti-microbial properties
and effective smear layer removal continues. Most
irrigation solutions in use today fail to eliminate the
smear layer, especially from the apical third of the
root canals.’

Sodium hypochlorite (NaOCl) is the most widely
used irrigation agent with a broad anti-microbial
spectrum and the ability to dissolve organic tissues.?
Different concentrations of NaOCl ranging from 1% -
5.25% are used.! Despite its superior antimicrobial
properties, sodium hypochlorite (NaOCI) fails to
eliminate the smear layer covering the root canal
walls.®

Nygaard-@stby first introduced chelating
agents in endodontics in 1957 to aid in the
preparation of narrow and calcified root canals.
Chelation is a physiochemical process that induces the
uptake of multivalent positive ions by specific chemical
substances.!® The most common chelating agent is
ethylenediamine tetra-acetic acid (EDTA). The
disodium salt of EDTA forms a stable complex with
calcium ions, and an equilibrium is established when
all the calcium ions have been bound. Therefore, no
more dissolution takes place.!!

The effect of chelating agents mainly depends
on the time of application, the pH of the solution and
the concentrations used.!? It has been reported that
the consecutive application of EDTA and sodium
hypochlorite (NaOCl) effectively removes the smear
layer.!> However, it has also been reported that

9

342

KALCAY, TINAZ

application longer than one minute might lead to
detrimental alterations in the root canal dentine.!*
These changes might alter the original proportion of
organic and inorganic components, which might lead
to a reduction in the microhardness of dentine.
Although a reduction in microhardness can facilitate
instrumentation, it might also affect the clinical
performance of endodontically treated teeth, thus
resulting in a weakened tooth structure, %16/

Phytic acid (IP6, inositol hexakisphosphate) is
an organic acid that can be extracted from rice bran
for low costs. It is composed of six phosphate groups
attached to the carbon atoms of a simple
carbohydrate ring.'® A recent study demonstrated that
phytic acid could be used as an alternative chelating
agent for the removal of the smear layer due to the
effective chelation of multivalent cations, such as
calcium, magnesium and iron.*

The aim of this study is to evaluate and
compare the effects of different concentrations of
phytic acid solutions on the removal of the smear
layer and the erosion of dentine. It is hypothesized
that 1% and 0.5% phytic acid solutions removed the
smear layer as efficiently or more effectively than 17%
EDTA solution.

MATERIALS AND METHODS

The Ethical Review Board of the Faculty of
Dentistry of Ankara University approved this study.

Sample size determination

Calculations were made using G*Power
software (Version 3.1.7 for Mac) to determine the
power and sample size for this study. For a statistical
power of 80%, it has been calculated that 15 teeth
would be essential for the experiments in this study.

Teeth selection criteria and root canal
instrumentation

Sixty  freshly  extracted,  single-rooted,
mandibular second premolar teeth with relatively
similar dimensions and lengths were selected for this
study. The teeth used in this study were extracted for
periodontal and prosthodontic purposes. A dental
operation microscope (Zeiss, Carl Zeiss Meditech Inc,
Jena, Germany) was used at x12 magnification to
account for root caries and fractures. Teeth with
multiple or calcified canals were excluded from the
study. The specimens chosen for the study were
stored in sterile saline solution.
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A round bur (Diatech, Coltene Whaledent,
Altstatten, Switzerland) was used for standard coronal
access and a #15 K-file (Dentsply, Maillefer,
Ballaigues, Switzerland) was used to navigate the root
canal. Working length was established at 1 mm short
of the apical foramen. All of the teeth were
instrumented with Protaper Universal files, (Dentsply
Maillefer, Ballaigues, Switzerland) using the crown-
down technique up to size 30, 0.06 taper (F3). Root
canals were irrigated between each file with 2 ml, 5%
NaOCl using a 30 G needle.

Experimental design

The crowns were removed using a diamond
disc under constant water irrigation, and the roots
were randomly divided into four groups according to
the final irrigation regimens (n 15). An open
experimental system was used in this study.20 Apical
foramen was enlarged by establishing a patency to a
size of 30 (F3) file. The experimental setup permitted
unrestricced communication between the apical
foramen and the external environment. The
experimental groups are as follows:

Group 1 (Control): 5 mL distilled water for 1 minute
and 5 mL of 5% NaOCI (Endosolve HP, Istanbul,
Turkey) for 1 minute, respectively (n = 15).

Group 2: 5 mL 17% EDTA (Werax, Spot Dis Deposu A,
Izmir, Turkey) for 1 minute and 5 mL 5% NaOCI
for 1 minute, respectively (n = 15).

Group 3: 5 mL 1% phytic acid (Sigma-Aldrich, MO,
USA) for 1 minute and 5 mL 5% NaOCl for 1
minute, respectively (n =15).

Group 4: 5 mL 0.5% phytic acid for 1 minute and 5 ml
5% NaOClI for 1 minute, respectively (n =15).

After the final irrigation, the roots in each
group were irrigated with 2 mL of distilled water and
the canals were dried with F3 paper points. Two
longitudinal grooves were prepared on the buccal and
lingual surfaces using a diamond disc under constant
water irrigation. Penetration to the root canal was
carefully avoided. Each root was split into two
longitudinal parts using a chisel. Fifteen root halves
were obtained for each group. The specimens were
then placed in 30%, 40%, 50%, 60%, 70%, 80% and
100% ethanol solutions, respectively. The specimens
were then coated with gold palladium for 200
seconds.
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Smear layer and erosion evaluation

One hundred and eighty photomicrographs
were taken at x2000 magnification, from coronal third,
middle third and apical third of each specimen using a
scanning electron microscope (SEM) (Fei Quanta 400
Feg, Philips, Holland). Researcher calibration was
achieved by  giving scores to previous
photomicrographs from past research. The specimens
were then coded according to the final irrigation
regimen and were scored blindly by two calibrated
researchers, described by Caron et al. 2! The scores
were as follows: Score 1 = no smear layer, dentinal
tubules open, Score 2 = small amount of scattered
smear layer, and dentinal tubules open, Score 3 = thin
smear layer and dentinal tubules partially open, Score
4 = partially covered with thick smear layer and Score
5 total covering with a thick smear layer. The
following score system was used for erosion, as
described by Mancini et al.” Score 0 = no erosion,
Score 1= moderate erosion and Score 2 = severe
erosion. Consensus was achieved by choosing the
higher score as the consensus score in both the
evaluation of the smear layer and erosion.

Statistical analysis

Inter-observer agreement was determined as
0.97, 0.97 and 0.95 for the coronal, middle and apical
third of the root canal, respectively, using the
Cronbach alpha test. The Kruskal Wallis and Mann-
Whitney U tests were used to compare groups, and
Friedman and Willcoxon Signed Ranks were used to
make comparisons within group. The level of
significance was p=0.05.

RESULTS

Figure 1 shows representative photomic-
rographs at x2000 magnification. With the exception
of the control group, all of the experimental groups
removed the smear layer at coronal and middle thirds
of the root canals. However, specimens treated with
1% phytic acid removed the smear layer significantly
better than the groups treated with 17% EDTA
(p=0.000) and 0.5% phytic acid (p=0.019) at the
coronal third. There was no significant difference
between the groups at the middle third of the root
canal with the exception of the control group. At the
apical third, only the 1% phytic acid group had
partially removed the smear layer. There was a thin
smear layer and the dentinal tubules were partially
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open in the majority of the photomicrographs. Root
canals irrigated with 0.5% phytic acid had significantly
removed the smear layer better than 17% EDTA
(p=0.012) (Tablel). Specimens treated with distilled
water showed heavily smeared walls at all three thirds
of the root canal. Figure 2 presents the smear score
distribution for the experimental groups at the
coronal, middle and apical third of the root canal.

Figure 3 presents the erosion score distribution
for the experimental groups at the coronal, middle and
apical third of the root canal. Moderate erosion was
observed at the coronal third. However, there was no
significant difference between the groups except in
the control group. More severe erosion was observed
in the specimens at the middle third of the root canal.
While specimens treated with 1% phytic acid caused
the highest erosion, 0.5% phytic acid and 17% EDTA
followed (Figure 4). Differences between the groups
were significant (p<0.05). At the apical third of the
root canals, specimens treated with 1% phytic acid
caused the highest erosion, followed by 0.5% phytic
acid and 17% EDTA. No erosion was observed in the
control group. (Table 2)

Figure 1.

Representative  photomicrographs at x2000
magnification for the groups. (A: 1% phytic acid, middle
third, score 1, B: %1 phytic acid, apical third, score 3, C:
0.5% phytic acid, middle third, score 2, D: 0.5% phytic acid,
apical third, score 4, E: %17 EDTA, middle third, score 2, F:
%17 EDTA, apical third, score 5).
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Figure 2. Smear score distribution for the experimental
groups at the coronal, middle and apical third of the root
canal.
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Figure 3. SEM photomicrograph at x2000 magnification from
the middle third of the root canal (1% phytic acid). The white
arrows show the merging of the dentine tubules as a result
of intertubular erosion.
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Figure 4. Erosion score distribution for the experimental
groups at the coronal, middle and apical third of the root
canal.

DISCUSSION

Mechanical instrumentation of the root canal
either by hand files or rotary instruments produced a
smear layer that covered the surface of the root canal
wall.!! There are disagreements over whether to
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Table 1. Mean score, + standard deviation and comparison of the smear layer scores between the four experimental

groups at the coronal, middle and apical third.

Coronal Third Middle Third Apical Third
Groups ( n=15) Mean + SD Median Mean £+ SD Median Mean £+ SD Median p
Group I
Distilled water 5.00 + 0.00 © 5.00 5.00 £ 0.00° 5.00 5.00 + 0.00 ¢ 5.00 -
Group II
+§

EDTA (17%) 2.13+0.64° 2.00 2.13+0.64° 2.00 4.53 + 0.64° 5.00 .000
Group III

t+§
Phytic asit (1%) 1.13+0.35° 1.00 1.67 £0.62°2 2.00 2.87 £ 0.74° 3.00 .000
Group IV

14§
Phytic asit (0.5%) 1.67 +0.722 2.00 2.20 +0.78 2 2.00 3.93+0.59 ¢ 4.00 .000

p .000 .000 .000

+

* Friedman test **Kruskal-Wallis

remove or maintain the smear layer, but a recent
review and a meta-analysis of microleakage studies
reported that the removal of the smear layer
ultimately enhances the fluid-tight seal of the root
canal system.?? However, most irrigation solutions
used to remove the smear layer fail, especially at the
apical third of the root canal.’

The purpose of this study was to evaluate and
compare the effects of different concentrations of
phytic acid solution on the removal of the smear layer
and erosion on dentine. Both concentrations of phytic
acid used were more effective at removing the smear
layer compared with 17% EDTA and the control
group.

Regarding the removal of the smear layer from
the root canal walls, NaOCl is proven to be ineffective
as photomicrographs revealed a root canal surface
with dentinal tubules heavily smeared with smear
plugs and debris. These findings are in accordance
with previous research by Ciucci et al. and O'Connell
et al.33

There are many controversies regarding the
application time of EDTA solutions in the literature.
Cergneux et al.>* reported that a four minute
application time for 15% EDTA has been effective for
the removal of the smear layer , while others reported
a one-minute application time was adequate for the of
EDTA changes while demineralizing the dentine. As
removal of the smear layer with 10% EDTA.*

The pH increases, the rate of demineralization
decreases, resulting in a decline in dentinal
demineralization. Thus, it is recommended to use a
short application time with EDTA.? In this study, 5ml
of each final irrigation solution was used for one
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minute. Following irrigation with the final irrigation
agents, 5ml of NaOCl and 2 ml of distilled water were
used for one minute, respectively. The one-minute
application of phytic acid solution was adapted from
the study by Nassar et al.*

The consecutive application of EDTA and NaOCI
has been proven to effectively remove the smear layer
at the coronal and middle third of the root canal.
However, the consecutive use of these solutions has
been ineffective at the apical third of the root canal.?®
The main reason for this may be that the irrigation
solutions cannot penetrate deep into the apical third
of the root canal.?® The results of this study are in
accordance with O'Connell et al.?®> EDTA removed the
smear layer effectively at the coronal and middle
thirds of the root canal; however, it failed to remove
the smear layer at the apical third.

Nassar et al.'® investigated the efficacy of 1%
phytic acid in removing the smear layer. Smear layer
removal efficacy was determined by using 1% of the
solution with two different application times — 1
minute or 30 seconds — and it was observed that 1%
phytic acid removed the smear layer more effectively
from the coronal dentine surfaces compared with 17%
EDTA. Additionally, better results were observed with
1% phytic acid at the middle and apical thirds of the
root canal in comparison with 17% EDTA. However, it
has been highlighted that a cleaner root canal surface
was observed at the middle third when compared with
the apical third of the root canal. Similar findings were
also obtained in this study. The findings of this study
are in accordance with Nassar et al.’® In comparison
with 17% EDTA, both 1% and 0.5% phytic acid
solutions were found to be more effective in removing
the smear layer. The dentinal tubule orifices were
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wider and the root canal walls were cleaner than the
other experimental groups. Furthermore, the 0.5%
phytic acid solution was not as effective as the 1%
phytic acid solution. While 0.5% of phytic acid solution
effectively removed the smear layer at the coronal and
middle third of the root canal, it was ineffective at the
apical third. When compared with 17% EDTA, the
0.5% phytic acid solution removed the smear layer
significantly better; however, it was less efficient than
the 1% phytic acid.

Past literature investigated the effects of NaOCl
and EDTA on intertubular and peritubular dentine. Niu
et al.'® reported that separate use of EDTA and NaOCl
solutions has no erosive effect on the intertubular and
peritubular dentine. However, researchers highlighted
that the consecutive use of these solutions would
result in moderate to severe dentinal erosion. Similar
findings were observed in the present study. No
erosion was observed at the intertubular and
peritubular dentine when NaOCl was used alone.
Additionally, when 17% EDTA and 5% NaOCl were
used consecutively, the degree of erosion was low.
Past literature indicates than when EDTA is used for
more than one-minute in the root canal, more erosion
is observed.!*?%?” The fact that the irrigation solutions
were used for one minute in our study, may explain
why a very low erosion was observed with the
consecutive use of 17% EDTA and 5% NaOCI.

There have been no previous investigations
into the erosive effects of phytic acid solution.
According to the results of this study, at the coronal
third, the 1% phytic acid solution caused a relatively
similar degree of erosion in all of the other
experimental groups, except the control group.
However, at the middle and apical thirds of the root
canal, the 1% phytic acid solution caused significant
erosion compared to the other experimental groups.
The erosion was highest at the middle third of the root
canal. This may be attributed to the high acidity of the
solution resulting in the elevation of calcium chelation,
leading to a greater destruction of the peritubular
dentine. The 0.5% phytic acid caused higher erosion
compared with the 17% EDTA, but the degree of
erosion was less than the 1% phytic acid.

Nassar et al.' investigated the effect of 1%
phytic acid solution on osteoblastic cells since these
cells are of vital importance for periapical healing. It is
crucial to assess the effects of different irrigation
solutions inside the root canal on the viability and ALP
activity of osteoblastic cells. According to the results of
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this study, the presence of 1% phytic acid in the
culture medium did not affect the morphology,
viability or ALP activity of cells.

Tay et al.?® compared open and closed experi-
menttal designs to determine the differences in the
smear layer and debris removal. While there were no
differrences between the two experimental designs
regarding the smear layer removal at each level of the
root canal, it was reported that the closed system
resulted in more debris at the apical third of the root
canal. However, since the determination of the
amount of debris was not the main purpose of this
study, an open experimental design was selected
because there were no differences between the two
experimental designs regarding the removal of the
smear layer.

Within the limitations of this study, 1% phytic
acid with an application time of one minute was the
most effective smear layer removal agent at each level
of the root canal followed by 0.5% phytic acid and
17% EDTA. Additionally, 1% phytic acid caused the
greatest erosion followed by 0.5% phytic acid and
17% EDTA. There is limited research suggesting the
use of phytic acid as an alternating root canal
chelating agent. More research needs to be conducted
to be able to evaluate the effects of phytic acid
solution on the root canal dentine.

Mehmet Kalgay: 0000-0002-2162-6972
Ali Cemal Tinaz: 0000-0001-7285-234X
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