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Evaluation of Surface Tensions and Cleansing Ability of
Sodium Hypochlorite and Chlorhexidine Solutions at
Different Concentrations and Temperatures™

SUMMARY

The purpose of the study was to investigate the surface tensions and
cleansing ability of NaOCI and chlorhexidine (CHX) solutions at different
concentrations and temperatures. Firstly, the surface tensions of NaOCI
(5%, 2.5%) and CHX (2%, 0.2%) solutions were measured at different
temperatures (21°C, 37°C, 50°C). Secondly, the canals of 62 single-rooted
teeth were instrumented. During preparation, the canals were irrigated with
these solutions at different temperatures as mentioned above. The cleansing
ability in root canal of the solutions was evaluated by SEM.

The results showed that the difference between means of surface
tensions measured at different temperatures and concentrations was
statistically significant (p<0.01). Surface tension decreased as heat of
the solutions increased. It decreased at low concentration of NaOCI
while it increased at low concentration of CHX. In SEM, smear layer
on the canal surfaces of teeth treated with solutions was observed. Heat
and concentration of solutions influenced the cleansing of canals from
superficial debris. The heavy smear layer and more debris was observed
at 21°C with 5% NaOCI while smoother smear layer and less debris was
observed at 50°C with 2% CHX. No solution completely removed debris in

Semra Sevimay', Canan Ogan-Hascicek?,
Niliifer Tarimci?

! Ankara University, Faculty of Dentistry
Department of Endodontics

2 Ankara University, Faculty of Pharmacy
Department of Pharmaceutical Technology
Ankara, Turkey

apical third, except that 2% CHX at 50°C.

Introduction

Complete debridement and disinfection of the pulpal
space are considered to be essential for predictable long-
term success in endodontic treatment®. Several irrigating
solutions have been used for effective cleansing of root
canal during root canal instrumentation because they act
as a lubricant, flush debris and bacteria out of the canal,
and react with pulp, necrotic tissues and microorganisms
and their sub-products*?2,

Sodium hypochlorite (NaOCl) has been used for
a long time for this purpose in endodontic treatment.
Although it is an effective antimicrobial agent and an
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excellent organic solvent, it is also known to be irritant to
the periapical tissues, mainly at high concentrations'!!4,
In addition, chlorhexidine gluconate (CHX) has been
recommended as a root canal irrigant and many studies
have demonstrated its broad-spectrum antimicrobial
action, substantivity, and low grade of toxicity!'c.
Another advantage of using CHX is that it could be used
for patients who are allergic to NaOCI and have teeth
with open apices!®. The major disadvantage of CHX as
endodontic irrigant is that it lacks the ability to dissolve
necrotic pulp tissue's.

Numerous studies have demonstrated that many of
the commonly used irrigating solutions are ineffective in
completely removing hard and soft tissue debris®>!113,
The efficiency of an irrigating solution could be related
to wettability of the solution, which in turn depends on its
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surface tension. The irrigating solution must be brought
into intimate contact with the dentin wall and the debris.
Generally, when the surface tension is decreased, the
solution can spread more extensively on solid surface.
This may be accomplished by the use of heat or the
addition of a surfactant>?.

In some studies, the cleansing -effectiveness,
bactericidal effect and tissue dissolving effect of NaOCI
solutions at various temperatures has been examined.
Abou-Rass and Oglesby? have shown that by raising the
temperature of the NaOCI solution, its ability to dissolve
tissue is potentiated in in vitro setting. Cunningham and
Balekjian'® analyzed the ability of 2 concentrations of
NaOCl (2.6% and 5.2%) to dissolve collagen at room
temperature (21°C) and at body temperature (37°C). The
2.6% NaOCl at 37°C was seen to be as effective as the
5.2% concentration, ecither at 21°C or at 37°C. Berutti
and Marini’ indicated that NaOCI heated to 50°C has best
debridement capability. However, there is no report on the
effect of changes in temperature and concentration of both
irrigating solutions (NaOCl and CHX) on surface tension.

The purpose of the present study was to investigate
changes in surface tensions of NaOCl and CHX at
different concentrations and temperatures, and also their
cleansing ability in root canals as endodontic irrigant.

Materials and Methods

In this study, 5% and 2.5% concentrations of NaOCl
(Birpa, Ankara, Turkey) and 2% and 0.2% concentrations
of CHX (Sigma-Aldrich Chemie GmbH, Deisenhofen,
Germany) were used at 3 different temperatures, namely
21°C, 37°C, 50°C. The solutions used in the study are
shown in table 1.

Table 1. The irrigating solutions, concentrations and
temperatures used in this study

Groups Solutions n (teeth)

5 21°C
37°C
50 °C
21 °C
37°C
50 °C
21°C
37°C
50 °C
21°C
37°C
50 °C

Temperature

Group 1 5% NaOCl

Group2  2.5% NaOCl

Group3 2% CHX

Group4  0.2% CHX

WL L L, L L b b b b v D

Measuring Surface Tension

In the first part of the study, the surface tension of
each solution was measured at 3 different temperatures
by the ring method using the Du Nouy tensiometer
(Cambridge Industrial Instruments, London, UK)¥.
The calibration of the instrument was performed using
glycerin. Adequate sample was obtained from each
solution and their surface tensions were measured at
21°C, 37°C and 50°C. 8 readings were taken at each
temperature and a fresh solution was prepared for each
repeated measurement. All measurements of solutions
were conducted at room temperature (21°C was considered
as room temperature). In order to reach 37°C and 50°C,
solutions were heated in a test tube. The temperature of
each test solution was adjusted carefully by 1 operator.
As a control group, distilled water was used only at room
temperature (21°C). After the measurements were done the
means were calculated. Statistical analysis of the data was
performed using the 2 factors-factorial analysis of variance
(ANOVA) and Duncan’s multiple comparison tests.

Evaluation of Cleansing Ability with SEM

In the second part of the study, 62 freshly extracted,
straight, single-rooted teeth with complete apex formation
were selected for the study. Their apical foramens were
then sealed with a silicone impression material to prevent
irrigation through the apical foramen during root canal
preparation. In each tooth, longitudinal grooves, which did
not penetrate into the canal, were made on the buccal and
lingual surfaces of the roots, to facilitate their fracture.
Crowns of all teeth were removed at the cemento-enamel
junction. The pulp tissue of teeth was extirpated; teeth
which have oval and narrow canals were not used in the
study. Then the working length of each root canal was
established at 1 mm short of the apical foramen with #15
K-type file (Maillefer/Dentsply, Ballaigues, Switzerland).
All canals were instrumented by step-back technique
using K-files (Maillefer/Dentsply) to a master apical file
size of # 45. The middle and coronal thirds were prepared
using size 2-4 Gates-Glidden drills (Union Broach, Long
Island, NY) with a low-speed handpiece. The teeth were
then randomly divided into 4 groups of 15 teeth each
for irrigation procedure. As seen in table 1, the solution
at each group was prepared at 3 different temperatures
(21°C, 37°C, 50°C) and 5 teeth were irrigated at each
temperature. Remaining 2 teeth were used as controls
and they were irrigated with distilled water at room
temperature (21°C).

In all groups, 2ml of experimental solution for each
tooth was delivered between each instrument change.
Final flush was performed with 5ml of experimental
solution and 5ml of distilled water. For each canal, a
total of 30ml of irrigant was delivered. A syringe with
a 23-gauge needle was used for irrigation and it was
placed down the canal until slight resistance was felt.
All instrumentation procedures were performed by the
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same investigator. After instrumentation, all root canals
were dried with paper points. Roots were then fractured
longitudinally into halves and stored in neutral-buffered
10% formalin solution until fracture procedures were
finished. Then, the root halves were immediately prepared
for evaluation under the SEM (JEOL, JSM-5600, Tokyo,
Japan). Both fractured halves of each root were mounted
on aluminum stubs, vacuum-dried, coated with gold.
The superficial debris and smear layer on the canal walls
from coronal to apical was evaluated with SEM at 20
kV. Microphotographs of the most representative area of
coronal, middle and apical thirds were taken with 1000x
magnification.

Results

Surface Tension

Surface tension of distilled water, which was used
as control, was measured to be 73 dyne/cm, which is
consistent with the literature!”.

The results of the statistical analysis of the surface
tension measurements are presented in table 2. As it can be

seen, means of surface tension values decreased as tempera-
ture increased in the each group. The differences between
mean values at 3 different temperatures were significant
in groups 1, 3 and 4, whereas in group 2, solely the mean
value at 21°C was significantly different from those at
other temperatures (p<0.01). In addition, the differences
between means of surface tension values of different groups
measured at the same temperature were significant (p<0.01).
At 21°C, the highest mean surface tension value was found
in group | and the lowest in group 2. The difference in mean
values between group 2 and 3 was not significant (p>0.01),
whilst the difference between other groups was significant
(p<0.01). In solutions heated to 37°C, the highest mean
surface tension was observed in group 1 and the lowest
in group 3. Mean surface tension values of group 2 and 3
were lower than those of group 1 and 4, with a statistically
significant difference (p<0.01). At 50°C, the highest mean
value was observed in group 4 and the lowest in group 3;
the mean value of group 3 was significantly different than
those in the other groups (p<0.01). The mean values of
groups 1 and 4 were significantly different than groups 2
and 3 (p<0.01). However, the difference between group 1
and 4 was not significant (p>0.01).

Table 2. The means and standard deviations (SD) of surface tension values (dyne/cm) for each solution at the different temperatures
and Duncan's Test results.

Group 1 Group 2 Group 3 Group 4
Temperature (5% NaOCl) (2.5% NaOCl) (2% CHX) (0.2% CHX)
mean = SD mean + SD mean + SD mean + SD
21°C 67.13£1.6642 50.00 £ 0.70¢ 2 51.21 £0.35¢2 62.69+2.01B2
37°C 5534 £0.63A° 44,74 £0.648 b 42.83£0.70B" 52.49 £ 0.96A "
50 °C 46.91 £1.184¢ 42,85+ 04780 3535+0.75¢¢ 47.60 £ 0.594 ¢
a, b, c: Significant differences between temperatures in the same group (p<0.01). The difference between groups labeled with

different superscript letter is statistically significant

A, B, C: Significant differences between groups at the same temperatures (p<0.01). The difference between groups labeled with

different letters is statistically significant

Another result was that significant difference
was seen between surface tension values at different
concentrations of NaOCl and CHX (p<0.01). Surface
tension decreased at low concentration of NaOCI solution,
while it increased at low concentration of CHX.

SEM Results

Canal surfaces of all specimens were examined from
coronal to apical region, and smear layer produced during
instrumentation was observed in all specimens. On the
canal surfaces of the control specimens, irrigated with
distilled water at 21°C, heavy and coarse smear layer and
many debris particles were observed (Fig. 1).

Group 1 (5% NaOCl): In specimens irrigated
with 5% NaOCI at 21°C, or heated to 37°C, a heavy and
coarse smear layer and debris particles were observed at
3 levels (coronal, middle, apical) of the canal (Fig. 2). In

Figure 1. 4 control group. Heavy and coarse smear layer and debris
covering the canal surface of tooth irrigated with distilled water at 21°C
(x1000)
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the apical third, these specimens showed more debris than
in the coronal and middle thirds. The specimens that had
been irrigated with 5% NaOCI heated to 50°C produced
a smoother smear layer throughout all canal wall, and
fewer debris particles scattered on the smear layer were
observed only in the apical third (Fig. 3).

Group 2 (2.5% NaOCI): In the specimens treated
with 2.5% NaOCIl at 21°C cleansing ability of root canal
walls seemed similar to the specimens irrigated with 5%

Figure 2. Tooth irrigated with 5% NaOCl at 21°C. A heavy smear layer
and debris particles on canal surface in the middle third (x1000)
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Figure 4. Tooth irrigated with 2.5% NaOCl at 21°C. Heavy smear layer
covering the canal walls and debris particles in the middle third (x1000)

Group 3 (2% CHX): In specimens irrigated with
2% CHX at 21°C, 37°C and 50°C, all canal walls were
covered with smear layer. The specimens irrigated at
21°C showed a thick smear layer, while canal walls of
specimens at 37°C and 50°C were covered with smoother
smear layer (Fig. 6). It has been observed that specimens
irrigated with 2% CHX at 21°C were present more
debris, especially in the apical third, than those at 37°C
and 50°C. The specimens at 37°C had better cleansing

NaOCI at 21°C. All canal walls were covered with heavy
smear layer and scattered debris particles were present in
this layer (Fig. 4). In apical third, debris was more than
in the coronal and middle thirds. In specimens irrigated
with 2.5% NaOCI at 37°C and 50°C, smear layer became
smoother and with less debris as temperature increased.
At 37°C and 50°C, debris particles were not observed at
coronal and middle thirds, while only a few were observed
at the apical third (Fig. 5).
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Figure 3. Tooth irrigated with 5% NaOCI at 50°C. Smear layer without
debris on the canal walls in the middle third (x1000)

Figure 5. Tooth irrigated with 2.5% NaOCl at 37°C. A smoother smear
layer without debris on the canal surfaces in the middle third (x1000)

surfaces without debris at coronal and middle thirds than
in the apical third. In these specimens, some partially
open dentinal tubule orifices were observed in the coronal
third. In the specimens irrigated with 2% CHX at 50°C,
clean canal surfaces free of debris were observed at all
levels. In these specimens, smear layers at the coronal
and middle thirds of canals were partially separated from
canal wall and orifices of some dentinal tubules were
opened (Fig. 7).
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Group 4: In the specimens irrigated with 0.2%
CHX at 21°C, 37°C and 50°C canal walls were covered
with smear layer. Smear layer had smoother surfaces at
37°C and 50°C than those at 21°C (Fig. 8). The specimens
at 21°C and 37°C were observed to have more debris in
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Figure 6. A specimen from 2% CHX at 21°C. Smear layer and few debris
in the middle third (x1000)

apical third than in the coronal and middle thirds. In the
specimens irrigated with 0.2% CHX at 50°C, clean canal
surfaces free of debris were seen at coronal and middle
thirds of canal, while small amount of debris was present
in apical thirds (Fig. 9).

Figure 7. Tooth irrigated with 2% CHX at 50°C. The smear layer was
partially separated from canal wall and some dentin tubules were
opened in the coronal third (x1000)

Figure 8. A specimen from 0.2% CHX at 37°C (middle third, x1000)

Discussion

An ideal irrigant must possess some properties such
as tissue or debris solvency, low toxicity, low surface
tension in order to flow into inaccessible areas, lubrication,
sterilization (or at least disinfection), and removal of the
smear layer?!. In endodontic treatment, NaOCl and CHX
solutions have been used as root canal irrigants. Cleansing
ability, antimicrobial properties, tissue-dissolving ability

Figure 9. Tooth irrigated with 0.2% CHX at 50°C. A smooth smear layer
without debris and some partially open dentinal tubules in the middle
third (x1000)

and biocompatibility of these solutions have been
investigated at different concentrations!437:9:1113,14,16,18,22,
In the present study, surface tensions of NaOCl and CHX
solutions at different concentrations and temperatures have
been evaluated and their cleansing ability in root canals as
endodontic irrigant investigated.

In this study, surface tension values of both solutions
varied with concentrations and temperatures. When 2
different concentrations of NaOCI solution have been
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compared, it was observed that 2.5% NaOCI had lower
surface tension than 5% NaOCI. Abou-Rass and Patoni®
and Tasman et al* investigated the surface tension values
of some solutions and reported that NaOCl had lower
surface tension at lower concentrations. Our findings
are congruent with theirs. In addition, changes in the
temperature of solutions influenced surface tension, with
lower surface tension values as temperature increased,
which is related to the physicochemical structure of the
solutions®. When the solution with low surface tension is
in contact with a solid surface, it spreads to a larger area
and increasing wettability influences cleansing ability
favorably>*.

Surface tension of CHX was lower than NaOCI
and this result is similar to those of Giardino et al'?> and
Poorni et al'. In the investigation of CHX solution at both
concentrations, surface tension was found to be lower at
2% concentration compared to 0.2% concentration at 3
different temperatures. CHX itself is a cationic active
agent that reduces the surface tension of the solution
to which it is added. Therefore, surface tension is lower
at higher concentrations of CHX solution. As seen in
NaOCl solutions, surface tension values of CHX solution
decreased as temperature increased, with a significant
difference (p<0.01).

Cleaning is one of the main objectives of root
canal preparation. The persistence of residual pulp
tissue, infected dentine or bacteria in the canal system
may be responsible for treatment failure. The use of
irrigating solutions facilitates debridement of the root
canal space and is important for the success of root canal
treatment™>!%18:22. NaOCl is considered to be most suitable
endodontic irrigant thanks to its bactericidal and lubricant
properties and being a solvent of organic substances’.
CHX has been used as endodontic irrigant although it is
not able to dissolve pulp tissue's.

In the second part of our study, cleaning ability of
NaOCl and CHX solutions at different concentrations
and temperatures were investigated with SEM. By SEM
analysis, smear layer has been observed in canal walls
of all specimens treated with NaOCl and CHX solutions.
In specimens irrigated at room temperature, heavy smear
layer and more debris was present, especially in the
apical third. When the heat of the solutions increased, a
smoother smear layer and less debris were observed,
relating to heat increased cleaning ability of solutions
which is consistent with the results found in surface
tension. While 5% NaOCI at 21°C left intensive debris
particles at the canal surface, 5% NaOCI at 50°C cleaned
canal walls better. At 21°C, canal surface appearance
obtained with 2.5% NaOCI was similar to that obtained
with 5% NaOCI; however, 2.5% NaOCI at 37°C and
50°C produced smoother smear layer and less debris
than 5% NaOCl. Berutti and Marini’ evaluated the
debridement capability of 5% NaOCI at 21°C and 50°C
and demonstrated that NaOCI heated to 50°C encourages

the formation of a thinner smear layer composed of finer
particles; our findings are in agreement with theirs. In
the specimens irrigated with 2% CHX solution, smoother
smear layer and less debris was observed, particularly
at 37°C and 50°C, compared to 5% NaOCI. In 2% CHX
used at 50°C, it has been observed that solution separated
smear layer partly in coronal and middle thirds of some
specimens and left opened orifices of some dentinal
tubules. Moreover, throughout the canal, cleansing
surfaces free of debris have been observed. Although
canal surface appearance in specimens irrigated with 0.2%
CHX solution was similar to those irrigated with 2% CHX
the best results were obtained with 2% CHX. It could be
explained that there is a relation between these results and
surface tensions of the solutions. It is known that CHX
lacks tissue-dissolving property'8. We think that this effect
might be attributed to the mechanical characteristics of
the CHX solution rather than its chemical ones. NaOCI
shows chemical effects and this action is important in
the removal of organic residue. CHX itself, as mentioned
earlier, is a surface active material and enables the
separation of smear layer and debris by reducing
surface tension between root canal wall and smear layer.
However, this effect is not strong enough to completely
remove it. Smear layer produced with instrument on the
canal walls can be removed neither with NaOCl nor with
CHX!!. We did not expect smear layer to be removed, we
tried to determine the ability of the solutions to remove
superficial debris and organic remnants and relation of
this ability to surface tension.

Ferraz et al'! investigated the cleansing ability of
5.25% NaOCl, 2% CHX and CHX gel as an endodontic
irrigant. The specimens treated with 2% CHX presented
thinner smear layer covered surfaces than NaOCIl. Abbott
et al' evaluated the cleaning capacity of Savlon (0.03%
CHX + 0.3% cetrimide) and reported the removal of
residue from root-canal walls. However, Cheung and
Stock? did not find a significant difference between the
cleaning capacity of 1% NaOCIl and Hibiscrub (0.5%
CHX). Yamashita et al*? reported that cleansing ability
of 2.5% NaOCI was better than that of 2% CHX; yet,
cleaning with CHX was similar to that with NaOCI at
cervical third.

Debris of the apical third cannot be totally cleaned
with all solutions, except with 2% CHX solution heated to
50°C. This is in agreement with current literature'”. The
decreasing diameter of the root canal and the consequent
decrease in the flow of the irrigant probably explain this
difficulty??. Especially in narrow canals, concomitant use
of solutions with low surface tension at canal preparations
may be more beneficial for apical cleaning.

In conclusion, surface tensions of NaOCl and CHX
solutions varied with both temperature and concentration.
As temperature of solutions increased, surface tension
decreased; however, the effect of concentration on surface
tension was different for both solutions. Surface tension
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decreased at low concentration of NaOCI solution, while
it increased at low concentration of CHX. It has been
observed that the solutions cannot remove smear layer
from root canal walls. At high temperature, the solutions
left a smear layer with smoother surfaces and cleaner
canal walls, free of debris, than those at room temperature.
Surface tension of 5% NaOCl was higher than that of
2.5% solution, but it is not superior to 2.5% solution in
terms of cleansing ability; lower concentrations may be
recommended in view of the toxic nature of the material.
Concerning CHX solutions, 2% concentration had lower
surface tension and better cleansing performance than
0.2% solution. It is our suggestion that if CHX solution is
preferred as a root canal irrigant, 2% concentration should
be employed due to its cleansing performance. However,
further investigations are needed on the subject.
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