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ABSTRACT :Purpose

Purpose of this study was to evaluate the effect of
passive sonic and ultrasonic agitation on pulp tissue
dissolution from simulated grooves in root canals
using sodium hypochlorite with or without
surfactant.

Material and methods

The root canals of 75 extracted human premolars
were chemomechanically prepared and then the
teeth split. A standardized groove was prepared in
the root halves. Human dental pulp tissue samples
were collected, adapted in order to fit into the
grooves and weighed. The reassembled samples
were divided into five groups based on the irrigation
technique - Distilled water group, plain NaOCI
(sodium hypochlorite) and passive sonic agitation,
NaOCI with surfactant (cetrimide) and passive sonic
agitation, plain NaOCI and passive ultrasonic
agitation and NaOCI with surfactant and passive
ultrasonic agitation. After irrigation the samples
were again weighed and difference in the weight
calculated.

Results

There was a statistically significant difference
(p<0.05) seen for the values of distilled water group
when compared to each of the test groups and the
values of difference in weight did not differ
significantly among the test groups. The highest
mean percentage weight change value (77.18 %)
was observed with ultrasonic agitation with added
surfactant.

Conclusion

Combined use of surfactant and ultrasonic agitation
enhanced the tissue dissolution ability of sodium
hypochlorite.
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I. INTRODUCTION

One of the many challenges faced during
endodontic therapy is eradication of infected pulp
tissue from the complex configurations and intricate
shapes of root canal system. (1) Geometrically
symmetrical shaping instruments, cannot reach the
intricacies of the root canal such as fins, isthmuses,
lateral and accessory canals, multiple foramina, cul-
de-sacs and deltas. Thus, pulp tissue removal from
these areas completely relies on the action of
irrigating solutions. Two critical factors that should
be considered during the process of irrigation are
effective delivery of the irrigant to the whole extent
of the root canal system, particularly to the apical
third, and the capacity of the irrigant to debride
canal intricacies.(2) Previous studies reported in
literature have compared the effect of positive
pressure irrigation on organic tissue dissolution with
either sonic or ultrasonic agitation using NaOCI
(sodium hypochlorite) ~ with  or  without
surfactant.(3.4.5) Also, the previous studies have
used palatal mucosa to study the effect on tissue
dissolution.(4) Fewer studies have assessed the
combined effect of sonic, ultrasonic agitation and
use of surfactants the direct solubilizing effect of
irrigants on pulp tissue obtained from human teeth.
Considering the potential synergism of agitation and
surface tension reduction on irrigant penetration and
dissolution of human pulp tissue, this in vitro study
was designed.

Il. MATERIAL AND METHODS

Teeth selection and preparation —
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Recently extracted 75 single rooted
premolars with sound crowns and roots were
assessed to exclude teeth with open apices, severe
curvatures, resorptive defects, fracture lines and root
caries.

All included teeth were stored in 10%
formalin until further required. Specimen lengths
were standardized to 16 mm by decoronating the
teeth using a diamond disc (MDT Micro Diamond
Technologies Ltd., Israel) at slow speed. Working
length determination was accomplished by insertion
of a #10 stainless steel K type hand file (Mani Inc.,
Tochgi, Japan) until it was just visible at the apical
foramen and then teeth were mounted in alginate
impression material. Actual working length was
obtained by subtracting 0.5 mm from this length.
Shaping and cleaning was performed for all the
samples using a ‘Step Back technique’ using K-
type hand files (Mani Inc., Tochgi, Japan) and
during preparation, each canal was irrigated
passively with freshly prepared 2.5% NaOCI using a
27-gauge needle (Ramsons Tools, Faridabad, India).
Apical preparation was performed till size 30 K file.
Specimens were removed from matrix and a
longitudinal groove was created on the proximal
aspects using a cutting disc. Roots were cleaved in
two fragments using a scalpel blade (Fig 1a). Two
lines perpendicular to the canal and long axis of the
tooth at 2 mm and 6 mm from the apex were marked
to standardize groove length (Fig 1b). 2 mm
diameter round diamond point - No. 6 (Mani Inc.,
Tochgi, Japan) mounted in micromotor handpiece
was used to create 2 mm wide, 2 mm deep, 4 mm
long groove in all the specimens(Fig 1c).

Collection of pulp tissue samples-

Freshly extracted sound teeth extracted for
orthodontic or disimpaction purpose, were selected
and placed in normal saline. A groove was prepared
on the proximal aspects using a diamond disc
without entering the pulp chamber or the root canals
and the teeth were carefully split using a surgical
blade. Pulp tissue was carefully removed using an
excavator (Fig 1d), placed in normal saline and was
refrigerated at four degree Celsius temperature as
soon as possible to assist in sectioning. Thereafter,
the pulp tissue was blotted and were sectioned with
a surgical blade into fragments that would
approximately adapt to the size of the prepared
groove.(Estevez et al., 2017)

Weighing procedure 1-

The pulp tissue samples were inserted in
the groove created in root canals of both the halves
of each sample (Fig 1e). Both the halves of each
tooth sample were weighed together using an

analytical balance (S.R. Lab Instruments Pvt. Ltd.,
Mumbai, India) and the readings were recorded.

Reapproximation of teeth samples-

The halves of the teeth samples were
reapproximated carefully using an adhesive tape
(Swadesh Enterprises, Delhi, India) and embedded
in alginate impression material (Fig 1f). The
reapproximated samples were then randomly
divided into five groups and subjected to irrigation
procedure as follows-

Irrigation procedure-

GROUP 1: The control group -7 ml distilled water
was used to irrigate the canals for 120 secs (n=15)
GROUP 2: Irrigation using 3 ml NaOCI- Plain
delivery for 45 secs, passive sonic activation using
Endoactivator ~ (DentsplyMallifer, Ballaigues,
Switzerland) for 15 secs, 1 ml 17% EDTA for 30
secs and 3 ml NaOCI for 30 secs (n=15)

GROUP 3: Irrigation using 3 ml NaOCI- with
surfactant delivery for 45 secs, passive sonic
activation using Endoactivator (DentsplyMallifer,
Ballaigues, Switzerland) for 15 secs, 1 ml 17%
EDTA for 30 secs and 3 ml NaOCI for 30 secs.
(n=15)

GROUP 4: Irrigation using 3 ml NaOCI- Plain
delivery for 45 secs, passive ultrasonic activation
using Acteon ultrasonic tips for 15 secs, 1 ml 17%
EDTA for 30 secs and 3 ml NaOCI for 30 secs.
(n=15)

GROUP 5: Irrigation using 3 ml NaOCI- with
surfactant delivery for 45 secs, passive ultrasonic
activation using Acteon ultrasonic tips for 15 secs, 1
ml 17% EDTA for 30 secs and 3 ml NaOCI for 30
secs. (n=15)

Solutions were delivered with the Luer- Lok syringe
(Becton Dickinson, India, Pvt. Ltd.) and a side
vented needle (Ramsons Tools, Faridabad, India) in
all irrigation assays.

Finally, canals were dried using paper points
(DiaDent, British Columbia, Canada) and the
sections were dissembled.

Weighing procedure 2-

The dissembled halves of each tooth
sample were weighed using an analytical balance
and the readings were recorded. The results obtained
for all the groups were correlated and statistically
evaluated to draw a reliable conclusion. Data
obtained was compiled and then subjected to
statistical analysis using Statistical package for
social sciences (SPSS v 21.0, IBM).
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I1l. RESULTS
Tablelshows pairwise comparison in difference in
weight using Tukey’s Post Hoc Tests. There was a
statistically significant difference (p<0.05) seen for
the values of control group i.e. Group 1 when
compared to each of the test groups- Group 2,
Group 3, Group 4 and Group 5. However, the values
of difference in weight did not differ significantly
among the test Groups 2, 3, 4 and 5.

Table 2 shows mean percentage weight change
among the five groups. The highest mean
percentage weight change value (77.18 %) was
observed for Group 5- ultrasonic activation with
added surfactant, followed by Group 3- sonic
activation with added surfactant (73.63%), Group 2-
sonic activation without surfactant (71.24%) and
Group 4- ultrasonic activation without surfactant
(68.40%).

TABLE 1 Pairwise comparison using Tukey’s post hoc test

(1) Group (J) Group | Mean Difference (I-J) Std. Error p value
1 2 .0021467" .0003673 .000**
1 3 .0022467" .0003673 .000**
1 4 .0022333" .0003673 .000**
1 5 .0022000" .0003673 .000**
2 3 .0001000 .0003673 .999#
2 4 .0000867 .0003673 .999#
2 5 .0000533 .0003673 1.000#
3 4 .0000133 .0003673 1.000#
3 5 .0000467 .0003673 1.000#
4 5 .0000333 .0003673 1.000#
TABLE 2 Mean difference percentage weight change
Groups | N Mean %Weight Std. Deviation Std. Error
change

1 15 .184559 18.45 4961664 .1281096
2 15 7112457 71.24 1697371 .0438259
3 15 .736361 73.64 .2060182 .0531937
4 15 .684087 68.40 1117192 .0288458
5 15 771861 77.19 .3171406 .0818853
Total 75 617865 61.79 .3603596 .0416107

Figl: (a) Root halves after cleavage, (b) Marking the groove, (c) Preparatlon of the groove of
standardized dimensions, (d) Retrieval of pulp tissue from recently extracted teeth, (e) Placement of pulp
tissue inside the groove, (f) Reassembled sample
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IV. DISCUSSION

A large portion of available endodontic
literature focuses on different types of endodontic
instruments used for cleaning and shaping.
However, it has been clearly stated that instruments
only shape the root canals(5,6) Whereas, it is the
irrigant which actually cleans them. Multiple
studies on effect of sonic and ultrasonic activation
on organic tissue dissolution are available in the
literature.(7,8,9)Fewer studies have assessed the
combined effect of sonic, ultrasonic agitation and
use of surfactants the direct solubilizing effect of
irrigants on pulp tissue obtained from human teeth.

Considering the difficulties such as lack of
standardization due to anatomical variations and
complexities of the root canal system in in vivo and
ex vivo study designs, this in vitro study was
planned.

In the present study, the values of
difference in weight did not differ significantly
among the groups 2, 3, 4 and 5. Similar results
were observed in study conducted by Plotino et
al.(9)In their study, efficacy of different sonic and
ultrasonic devices in elimination of debris from
canal irregularities in artificial root canals was
assessed. However, this study used Eddy system
having the frequency of 10000 Hz for 20 sec ,
while the present study used Endoactivator with the
frequency of 6000 Hz for 15 sec.

Gadaalay et al(8)assessed the
effectiveness of different irrigation activation
devices including Endoactivtor, passive ultrasonic
activation and manual dynamic agitation in
removing debris from the isthmus area of
mandibular molars was assessed. No significant
differences were found between Endoactivator and
passive ultrasonic agitation groups.

The reason for these observations, can be
attributed to the fact that ultrasonic activation acts
at a higher frequency and creates acoustic
microstreaming producing sufficient stresses to
dislodge debris from instrumented
canals.(10)These characteristics of ultrasonic
devices are suggestive of a better agitation efficacy
compared to sonic devices.

However, an ultrasonic device also creates
an unwanted dampening effect especially when it
touches the lateral walls of root canal.(10)

The results of a study conducted by Nunes
et al (7)are contrasting with the results of the
present study. In this study, the tissue dissolution
capacity of NaOCI and chlorhexidinedigluconate
agitated using sonic and ultrasonic devices was
compared. The tissue dissolution capacity of
NaOCI with ultrasonic agitation was significantly

better than the sonic agitation. However, this study
used a lower concentration (2.5 %) of NaOCI
agitated for 20 sec.

The possibility of reducing the surface
tension by addition of surfactants to improve
penetration of NaOCI solutions in root canal
complexities has been given little attention in the
literature until recently. This has probably been due
to the difficulty in identifying a suitable surfactant,
because = NaOCI destroys most  organic
materials.(Clarkson and Moule, 1998)In this study,
0.2 % cetrimide was chosen as the surfactant added
in NaOCI. The concentration chosen was based on
previous studies.(11,12) It has been suggested that
it can dissolve the tissue in canal complexities
when it comes in contact with the tissue. In the
present study on intergroup comparison, the tissue
dissolving capacity of sodium hypochlorite for
Group 5 was found to be the highest.

This finding is in agreement with the
studies conducted by Cameron(13)which assessed
human pulp tissue dissolution ability of a modified
household bleach with added surfactant (Fluorad
99). When looking at complete tissue dissolution,
no difference was found between the solutions.
Even though the method of assessment of pulp
tissue dissolution (weighing method) was similar,
the chemical nature of the surfactant used was
different.

The results of the present study are also in
agreement with a study conducted by Clarkson et
al.(14) The four NaOCI solutions tested were
Hypochlor 1% and Hypochlor 4% forte, which
contained surfactant, and two identical solutions
without surfactant. Twenty pulp specimens were
immersed in each of the four NaOCI solutions and
the time to dissolution of each sample was
determined by stopwatch.

It was observed that reduced surface
tension resulted in greater soft tissue dissolution by
NaOCI. The reason behind this finding could be the
fact that diffusion of the active chlorine to target
areas rather than wettability seemed to be deciding
factor in the ability to dissolve pulp tissue.(15)

A study conducted by Stojicic et
al(16)showed contrasting results. Three NaOCI
solutions with concentrations of 1%, 2%, 4%, and
5.8% were tested at various temperatures with and
without agitation by ultrasonic and sonic energy.
However, some methodological differences were
observed such as use of porcine muscle tissue to
assess the tissue dissolution and quantity of
surface- active agents. Use of warm irrigant, use of
test tubes for containing the solutions may be the
reasons for disagreements in the results.
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Along with use of surfactants, active
chlorine content of the NaOCI irrigant is
considered as the deciding factor for its tissue
dissolution ability.(17) In the present study, active
chlorine content was not determined but the same
concentration of NaOCI was used for all the
irrigation procedures. This has to be considered as
a limitation of this study as it could be a potential
source of bias. Also, pH of the solution was not
considered even though it has been shown to have
an effect on the dissolution capacity.(16)

V. CONCLUSION

Thus, within the limitations of the present study,

following conclusions were drawn-

1. Intracanal agitation of NaOCI increased its
tissue dissolution ability.

2. Out of the two agitation techniques, ultrasonic
agitation was found to be more effective than
sonic agitation.

3. Surfactant (cetrimide) added to
NaOClenhanced tissue dissolution ability of
NaOCl.

4. Ultrasonic vibration along with surfactant has
the highest tissue dissolution ability.

Considering the limitations of this study, further

basic research is necessary to understand the effect

of lowering the surface tension and sonic and
ultrasonic agitation of NaOClwhen used during
root canal shaping or as the final rinse protocol.

Subsequently, its potential translation into patient-

based outcomes needs to be evaluated.

Declaration of Competing Interest

The authors declare that they have no known
competing  financial interests or personal
relationships that could have appeared to influence
the work reported in this paper.

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

REFERENCES

[1]. Vertucci FJ. Root canal morphology and its
relationship to endodontic procedures.
Endod Topics 2005;10:3-29.

[2]. Taneja S, Mishra N, Malik S. Comparative
evaluation of human pulp tissue dissolution
by different concentrations of chlorine
dioxide, calcium hypochlorite and sodium
hypochlorite:  An in vitro study. J
Conservative Dent 2014;17(6):541.

[3]. Lee SJ, Wu MK, Wesselink PR. The
efficacy of ultrasonic irrigation to remove
artificially placed dentine debris from

[4].

[5].

[6].

[71.

(8].

[9].

[10].

[11].

[12].

[13].

[14].

different-sized simulated plastic root canals.
IntEndod J 2004;37:607-12.

Estevez R, Conde A, Valencia de Pablo O,
de la Torre F, Rossi-Fedele G, Cisneros R.
Effect of passive ultrasonic activation on
organic tissue dissolution from simulated
grooves in root canals using sodium
hypochlorite with or without surfactants and
edta. J Endod 2017;43(7):1161-5.

Justo AM, Rosa RA, Santini MF, Ferreira
MBC, Pereira JR, Duarte MAH.
Effectiveness of final irrigant protocols for
debris removal from simulated canal
irregularities. J Endod 2014;40(12):2009-14.
Walton RE. Histologic evaluation of
different methods of enlarging the pulp canal
space. J Endod 1976;2(10):304-11.

Nunes KS, Feron L, Montagner F, Melo
TAF. Analysis of root canal organic tissue
dissolution capacity according to the type of
irrigation solution and agitation technique.
Braz J Oral Sci 2016;15:70-4.

Gadaalay S, Hariramani Sl, Dhore P, Kale
A, Agrawal M, Doshi S. Comparative
evaluation of efficacy of three different
irrigation activation systems in debridement
of root canal isthmus: An in vitro study.
Endodontology 2017;29:39-42.

Plotino G, Grande NM, Mercade M, et al.
Efficacy of sonic and ultrasonic irrigation
devices in the removal of debris from canal
irregularities in artificial root canals. J Appl
Oral Sci 2019;27:20180045.

Jensen SA, Walker TL, Hutter JW, Nicoll
BK. Comparison of the cleaning efficacy of
passive sonic activation and passive
ultrasonic activation after hand
instrumentation in molar root canals. J
Endod 1999;25:735-8.

Solana C, Ruiz-Linares M, Baca P,
Valderrama M, AriasMoliz MT, Ferrer-
Lugue CM. Antibiofilm activity of sodium
hypochlorite and alkaline tetrasodium EDTA
solutions. J Endod 2017;43:2093-6.

Faria G, Viola KS, Coaguila-Llerena H,
Oliveira LRA, Leonardo RT, Aranda-Garcia
AJ, et al. Penetration of sodium hypochlorite
into root canal dentine: Effect of surfactants,
gel form and passive ultrasonic irrigation.
IntEndod J 2019;52(3):385-92.

Cameron JA. The effect of a fluorocarbon
surfactant on the surface tension of the
endodontic irrigant, sodium hypochlorite.
Aust Dent J 1986;31:364-8.

Clarkson R, Kidd B, Evans G, et al. The
effect of surfactant on the dissolution of

DOI: 10.35629/5252-0304563568

[Impact Factorvalue 6.18] ISO 9001: 2008 Certified Journal

Page 567



o

¥

International Journal Dental and Medical Sciences Research
Volume 3, Issue 4, July-Aug 2021 pp 563-568 www.ijdmsrjournal.com

[15].

[16].

[17].

DOI: 10.35629/5252-0304563568

porcine pulpal tissueby sodium hypochlorite
solutions. J Endod 2012;38:1257-60.
Jungbluth H, Peters C, Peters O, Sener B,
Zehnder M. Physicochemical and pulp tissue
dissolution properties of some household
bleach brands compared with a dental
sodium hypochlorite solution. J Endod
2012;38:372-5.

Stojicic S, Zivkovic S, Qian W, Zhang H,
Haapasalo M. Tissue dissolution by sodium
hypochlorite: effect of concentration,
temperature, agitation, and surfactant. J
Endod 2010;36:1558-62.

Almeida LHS de, Leonardo NG e S, Gomes
APN, Giardino L, Souza EM, Pappen FG.
Pulp tissue dissolution capacity of sodium
hypochlorite combined with cetrimide and
polypropylene glycol. Braz Dent J
2013;24(5):477-81.

[Impact Factorvalue 6.18] ISO 9001: 2008 Certified Journal

Page 568



