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Abstract

Topc�uo�glu HS, D€uzg€un S, Ceyhanlı KT, Aktı A, Pala

K, Kesim B. Efficacy of different irrigation techniques in the

removal of calcium hydroxide from a simulated internal root

resorption cavity. International Endodontic Journal.

Aim To evaluate the efficacy of six irrigation

techniques to remove calcium hydroxide (CH) from a

simulated internal root resorption cavity.

Methodology The root canals of 100 single-rooted

teeth were prepared using the ProTaper system to size

F5. The roots were split longitudinally, and standard-

ized simulated internal root resorption cavities were

prepared in the two root halves. The root halves were

reassembled, and CH was placed into the root canals,

with the exception of five teeth that served as the

negative control group. Another five teeth (the posi-

tive control group) were not subjected to the CH

removal procedure. Ninety teeth were randomly

divided into six experimental groups (n = 15), accord-

ing to the final irrigation techniques used: conven-

tional syringe irrigation (CSI), CanalBrush (CB),

passive ultrasonic irrigation (PUI), self-adjusting file

(SAF) system, EndoActivator (EA), and apical negative

pressure irrigation (EndoVac system). Five millilitres

of 3% NaOCl and 17% EDTA were used in all experi-

mental groups during the CH removal procedure. The

amount of remaining CH was evaluated under a ste-

reomicroscope at 20 9magnification, using a 4-grade

scoring system. The data were statistically compared

using the Kruskal–Wallis and Mann–Whitney U-tests

(P < 0.05).

Results Remnants of CH in simulated internal root

resorption cavities were found in all experimental

groups. SAF and PUI were superior to the other

groups (P < 0.05); however, there was no significant

difference between the SAF and PUI (P > 0.05). There

were also no significant differences between the CSI,

CB, EA and EndoVac groups (P > 0.05).

Conclusions None of the irrigation techniques was

able to completely remove CH from a simulated inter-

nal root resorption cavity.

Keywords: calcium hydroxide, irrigation, simu-

lated internal resorption cavity.
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Introduction

Root resorption is the loss of dental hard tissues as a

result of osteoclastic cell activity (Patel & Ford 2007).

Root resorption in permanent dentition is a pathologic

event; if untreated, this might result in the premature

loss of the affected tooth (Patel et al. 2010). Root

resorption is classified as either internal or external,

according to the location of the resorptive lesion

(Frank & Torabinejad 1998). Internal resorption starts

inside the root canal, tends to be asymptomatic and

is generally caused by chronic infection or trauma

(Wedenberg & Lindskog 1985, Majorana et al. 2003).

When internal resorption is detected early, treatment

is usually successful, and the long-term prognosis is

good (Gabor et al. 2012).
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Nonsurgical root canal therapy is the treatment of

choice to arrest the destructive process of internal

resorption (Ne et al. 1999). The irregular confines of

the resorptive cavity pose technical difficulties for

thorough debridement and filling of the pulp space.

Given the inaccessibility of internal resorption lesions

to chemomechanical debridement, ultrasonic activa-

tion of irrigants should be viewed as an essential step

in the disinfection of the internal resorption defect.

However, even with the use of ultrasonic instruments,

bacteria may still remain in confined areas (Burleson

et al. 2007). Thus, an intracanal antibacterial medi-

cament should be used to improve disinfection of the

inaccessible root resorption defects (Siqueira et al.

2002).

Calcium hydroxide (CH) has been used in the treat-

ment of internal resorption as an intracanal medica-

ment (Bhuva et al. 2011). However, complete

removal of CH before the root filling is recommended,

because CH remnants on the canal walls may affect

the penetration of endodontic cements into dentinal

tubules (Calt & Serper 1999) and react chemically

with the cement, interfering with its physical proper-

ties (Margelos et al. 1997, Hosoya et al. 2004).

The removal of CH using a range of products and

techniques has been investigated. The most frequently

described method is instrumentation of the root canal

using a master apical file and copious irrigation (Balv-

edi et al. 2010). Nevertheless, canal irregularities and

resorption cavities may be inaccessible using conven-

tional irrigation procedures, and CH may remain in

these extensions. Therefore, different irrigation activa-

tion techniques have been proposed to improve the

efficacy of irrigation solutions within the root canal

system (Tas�demir et al. 2011).

Passive ultrasonic irrigation (PUI) was introduced

to increase the effectiveness of canal disinfection by

agitating the irrigation solution previously placed

inside the canal. An ultrasonic tip is activated in the

canal up to working length and is moved passively in

an up-and-down motion to ensure it does not bind

with the root canal walls (Munoz & Camacho-Cuadra

2012). The EndoVac system (Discus Dental, Culver,

CA, USA) is a negative pressure irrigation system that

has been designed to safely deliver irrigant solutions

into the apical portion of the canal. This system con-

sists of a master delivery/suction tip, a macrocannula

and a microcannula that are connected to a vacuum

line. When using this system, the irrigation solution

is delivered into the pulp chamber by the master

delivery tip and is driven by negative pressure into

the root canals with the aid of the macrocannula and

microcannula (Schoeffel 2008, Parente et al. 2010).

The CanalBrush (CB) (Roeko Canal Brush TM

Colt�ene/Whaledent, Langenau, Germany) is an end-

odontic microbrush. This highly flexible microbrush is

moulded entirely from polypropylene and can be used

manually with a rotary action. The self-adjusting file

(SAF) system (Re-Dent-Nova, Ra’nana, Israel) adapts

itself to the three-dimensional shape of the root canal

to allow for continuous irrigation during the prepara-

tion and the activation of the irrigants through vibra-

tion. This system is operated by vibrating a slightly

abrasive lattice with an in-and-out motion to remove

dentine (Metzger et al. 2010a). Another system, the

EndoActivator (EA) (Dentsply Tulsa Dental, Tulsa,

OK, USA) was designed to improve the irrigation

phase. It is a cordless, battery-powered hand piece

with a sonic motor. Its design allows for the safe acti-

vation of intracanal solutions and can produce vigor-

ous intracanal fluid agitation (Bago et al. 2013).

Although previous studies have evaluated the effec-

tiveness of various irrigation techniques in the

removal of CH from the entire root canal system or

artificial standardized groove in the apical third of

root canals (R€odig et al. 2011, Tas�demir et al. 2011),

no study has investigated the removal of CH used as

an intracanal medicament from simulated internal

root resorption cavity. Therefore, the purpose of this

study was to evaluate the efficacy of several irrigation

techniques in the removal of CH from simulated inter-

nal root resorption cavities. The null hypothesis tested

was that there would be no differences in CH removal

efficacy amongst different irrigation techniques.

Materials and methods

One hundred extracted human single-rooted maxillary

central incisors with similar root lengths measured

from the cemento-enamel junction to the root apex

were selected. The teeth were examined under an

operating microscope (Carl Zeiss OPMI PICO, Jena,

Germany), and roots with root caries, cracks or frac-

tures were excluded. Preoperative radiographs were

taken in the buccolingual and mesiodistal directions to

confirm the presence of a single canal without previ-

ous root canal treatment, resorption or calcifications.

The teeth were stored in purified filtered water until

the experimental procedures. To ensure standardiza-

tion, the crowns of the selected teeth were partially

removed to achieve a final 20 mm length for each

tooth. Endodontic access cavities were prepared using
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diamond burs (Diatech; Coltene Whaledent, Altst€atten,

Switzerland) with a high-speed hand piece under water

cooling. A size 15 K-file (Dentsply Maillefer, Ballaigues,

Switzerland) was then placed in the canal until it was

visible at the apical foramen. The working length was

determined by subtracting 1 mm from this measure-

ment. The 100 root canals were instrumented with the

ProTaper rotary system (Dentsply Maillefer) up to size

F5 (size 50, 0.05 taper) as the master apical file. Dur-

ing the preparation, the root canal was irrigated with

3 mL of 2.5% sodium hypochlorite (NaOCl) solution

using a syringe and a 30-gauge needle (NaviTip; Ultra-

dent, South Jordan, UT, USA) between each instrument

change. After completion of the preparation, the root

canals were irrigated with 5 mL of 17% ethylenedi-

aminetetraacetic acid (EDTA) for 1 min and 5 mL of

3% NaOCl for 1 min. The canals were finally rinsed

with 10 mL of distilled water and then dried with

paper points. The specimens were fixed in modified Ep-

pendorf vials with silicone impression material (Coltene

Whaledent, Altst€atten, Switzerland). After removal

from the impression material, grooves were prepared

with a water-cooled diamond bur on the buccal and

lingual surfaces, and the teeth were split along their

long axis in a buccolingual direction using a hammer

and a small chisel. The root extension was measured

with a digital calliper (Teknikel, Istanbul, Turkey). The

root length was determined, and the middle-third area

was delimited, ensuring that resorption was simulated

at the same site in both teeth segments. Standard artifi-

cial internal resorption cavities (0.8 mm deep and

1.6 mm diameter) were then prepared with a round

bur in the root canal dentine of the two halves of each

tooth in 5 mm above from the root apex. A small

amount of Super Glue (Scotch Super Glue gel; 3M, St

Paul, MN, USA) was used to achieve a close adaptation

of the root halves, and the specimens were remounted

in Eppendorf vials. Five teeth were left and served as

the negative control group. CH powder (Merck, Darms-

tadt, Germany) and distilled water at a powder-to-

liquid ratio of 1 : 1.5 were mixed. The root canals of

the remaining 95 teeth were filled with CH paste using

a lentulo spiral. The access cavities were sealed with a

temporary filling material (Cavit, 3M ESPE, Seefeld,

Germany). The teeth were then stored at 37 °C at

100% humidity for 2 weeks.

Five teeth served as the positive control group.

These teeth were filled with CH, but no removal pro-

cedure was carried out. After the removal of the tem-

porary fillings, a size 15 K-file (Dentsply Maillefer)

was introduced to the working length to loosen the

CH and to create space for an irrigation needle. After

this procedure, 90 teeth were randomly divided into

six experimental groups (n = 15) according to the CH

removal technique used.

Experimental groups and irrigation protocol

Conventional syringe irrigation (CSI) group

For the removal of CH from simulated internal resorp-

tion cavities, irrigation was performed with 5 mL of 3%

NaOCl, followed by 5 mL of 17% EDTA, using a syringe

and a 30-gauge needle (Navi-Tip; Ultradent, South

Jordan, UT, USA) placed 1 mm short of the WL. No

additional agitation of irrigants was performed.

CanalBrush (CB) group

Agitation of 5 mL of 3% NaOCl and 5 mL 17% EDTA

was accomplished using a CanalBrush with a tip

diameter of 0.30 mm (Coltene Whaledent) in a hand

piece set at 600 rpm. The CanalBrush was activated

for 1 min for each solution. The brush was used with

a gentle up-and-down motion at 1 mm from the WL.

One CanalBrush per root was used.

Passive ultrasonic irrigation (PUI) Group

In this group, 5 mL of 3% NaOCl and 5 mL of 17%

EDTA were each passively agitated using an ultra-

sonic device (EMS, Le Sentier, Switzerland). A smooth

ultrasonic file (size 15, 0.02 taper) (ESI instrument,

EMS) was placed into the canal to 1 mm short of the

WL without touching the walls, enabling it to vibrate

freely. The ultrasonic file was activated at power

setting 6 for 1 min for each solution. One ultrasonic

tip was used for five root canals.

Self-adjusting file (SAF) group

In this group, the SAF (1.5 mm diameter and 25 mm

length) was introduced into the canal to the WL

using an RDT3 hand piece head (Re-Dent-Nova,

Ra’nana, Israel) for 1 min at a frequency of 5000

movements/min and amplitude of 0.4 mm. A total of

5 mL 3% NaOCl irrigant was continuously provided

by a VATEA peristaltic pump (ReDent-Nova) at a rate

of 5 mL min�1. The SAF was then used with 17%

EDTA for 1 min. Each SAF was used to prepare three

root canals.

EndoActivator (EA) group

Each canal was filled with 5 mL of 3% NaOCl, and

then EA (medium tip size 25, 0.04 taper) was inserted

into the canal to 2 mm short of the WL and activated
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for 1 min at 10 000 cpm. Five millilitres of 17%

EDTA was then introduced into the canals, and EA

was again activated for 1 min. Each EA tip was used

to prepare one root canal.

EndoVac group

In this group, the apical negative pressure irrigation

(EndoVac) was used. The EndoVac system was used

with 5 mL 3% NaOCl followed by 5 mL 17% EDTA.

The macrocannula tip was used to deliver irrigant up

and down the canal for 30 s. This was followed by

three cycles of microcannula irrigation. Each cycle of

microcannula irrigation consisted of the tip being

placed at full WL for 6 s and then withdrawn 2 mm

from full WL for 6 s. This was repeated five times

during a period of 30 s.

Irrigation time for each irrigant was 1 min. Total

working time for NaOCl and EDTA was 2 min for all

groups. Finally, the specimens were irrigated with

5 mL of distilled water to prevent further irrigant

action. Total irrigation volume for final irrigation

procedures was 15 mL for all groups.

Image evaluation

After the irrigation procedure, the root halves were

separated, and digital images of the simulated internal

resorption cavity of each root half were captured at

20 9magnification using a digital camera (DP-70;

Olympus, Tokyo, Japan) attached to a stereomicro-

scope (BX60; Olympus). Two images from each tooth

were thereby obtained. Controls verified that no CH

had fallen out of the cavity during the assembly or

disassembly process. The sequence of all the pictures

was randomized, and two calibrated examiners who

were blinded to the group assignment scored each

picture twice with an interval of 1 week.

The CH left in the simulated internal resorption

cavity after irrigation was scored independently by

two calibrated examiners using the following score

system, which is similar to that in a previous study

(van der Sluis et al. 2007):

0 = The cavity is empty.

1 = Less than half of the cavity is filled with deb-

ris.

2 = More than half of the cavity is filled with debris.

3 = The complete cavity is filled with debris

(Fig. 1).

Statistical analysis

The kappa test was used to analyse interexaminer

agreement. The Kolmogorov–Smirnov test for normal-

ity revealed a non-normal data distribution. The

(a) (b)

(c) (d)

Figure 1 Representative images of scores (a) Score 0, (b) Score 1, (c) Score 2 and (d) Score 3.
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differences in CH scores between the groups were

analysed by means of Kruskal–Wallis and the

Mann–Whitney U-tests. The level of significance was

set at P = 0.05. All statistical analyses were per-

formed using SPSS 20.0 software (SPSS Inc., Chicago,

IL, USA).

Results

A kappa test showed that the interexaminer agree-

ment was 97.4% for the CH removal from the simu-

lated internal resorption cavity. Table 1 shows the

distributions of the scores pooled for both examiners

and the percentage values of residual CH within the

cavities. All of the groups were significantly different

from the positive and negative control groups

(P < 0.05). None of the groups were associated with

complete removal of CH from the simulated internal

resorption cavities. There were statistically significant

differences in CH removal results amongst the experi-

mental groups (P < 0.05). SAF and PUI removed sig-

nificantly more CH than the other irrigation

techniques (P < 0.05). However, there was no statisti-

cal difference between SAF and PUI (P > 0.05). Addi-

tionally, there was no significant difference amongst

the CSI, CB, EA and EndoVac groups (P > 0.05).

Discussion

The use of CH as an intracanal medicament is an

effective aid in addition to mechanical instrumenta-

tion because its tissue-dissolving effect allows remain-

ing tissue to be flushed away after the CH paste has

been in situ for several weeks (Meire & De Moor

2008). However, some case reports demonstrated

the inability of CH to eliminate bacteria in canal

ramifications because of its low solubility and inacti-

vation by dentine, tissue fluids and organic matter

(Ricucci & Siqueira 2008a,b). In spite of these limita-

tions, the use of CH dressing has been advocated to

enhance chemomechanical debridement of the inter-

nal root resorption defect (Patel et al. 2010).

Previous studies used burs to simulate internal root

resorption (Kamburoglu et al. 2011, Keles et al.

2013). The use of burs creates uniform, well-charac-

terized cavities. Clinically, however, the internal root

resorption process generates irregular lesions. In a

recent study, da Silveira et al. (2014) introduced a

new methodology to produce simulated internal root

resorption lesions based on acid demineralization

without the use of burs. But, in the present study,

simulated internal root resorption cavities were per-

formed with the use of burs to obtain the standard

cavities. Also, the crowns of teeth used were not com-

pletely decoronated to provide a coronal reservoir for

the irrigation solution.

Calt & Serper (1999) determined that CH was not

completely removed from the root canals when it was

irrigated with only NaOC1 irrigation. On the other

hand, when CH was irrigated with EDTA and NaOCI

combination, it was observed that CH particles were

completely removed from the root canal walls. Simi-

larly, Margelos et al. (1997) showed that using 15%

EDTA solution or NaOCl alone as irrigants does not

remove CH efficiently from the root canal; however,

the combination of two irrigants improves the

removal efficiency. Therefore, in the current study,

NaOCl and EDTA were used as final irrigation solu-

tion. Lee et al. (2004) stated that the cleaning efficacy

of an irrigation technique depends not only on

mechanical agitation and volume of the irrigation

solution but also on the chemical activity of the

Table 1 Number and percentage of specimens at each score rank after different irrigation techniques

Group n(N)

Scores

0 1 2 3

Negative control 5 (10) 10 (100%) 0 (0%) 0 (0%) 0 (0%)

Positive control 5 (10) 0 (0%) 0 (0%) 0 (0%) 10 (100%)

CSI 15 (30) 4 (13.3%) 5 (16.6%) 10 (33.3%) 11 (36.6%)

CB 15 (30) 5 (16.6%) 6 (20%) 9 (30%) 10 (33.3%)

PUI 15 (30) 15 (50%) 12 (40%) 3 (10%) 0 (0%)

SAF 15 (30) 13 (43.3%) 14 (46.6%) 2 (6.6%) 1 (3.3%)

EA 15 (30) 6 (20%) 6 (20%) 8 (26.6%) 10 (33.3%)

EndoVac 15 (30) 5 (16.6%) 7 (23.3%) 9 (30%) 9 (30%)

N, total number of the scored specimens; n, number of the specimens.
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irrigant. Although NaOCl is efficient in dissolving the

organic compounds of dentine debris (Baumgartner &

Mader 1987), it has limited the ability to dissolve

inorganic substances such as calcium (Salgado et al.

2009). As chelators are significantly more effective

than NaOCl for the removal of CH (Salgado et al.

2009, R€odig et al. 2010), the use of EDTA may

improve root canal cleanliness.

The present study aimed to compare the efficiency

of various irrigation techniques in the removal of CH

from simulated internal resorption cavities. The find-

ings of the current study show that the complete

removal of CH from simulated resorption cavities was

not obtained and the null hypothesis was rejected.

SAF and PUI were more effective than the other

groups in the removal of CH. This result is similar to

the findings of previous studies (van der Sluis et al.

2007, Ahmetoglu et al. 2013, Capar et al. 2014). The

higher velocity and volume of irrigant flow created by

PUI (Jiang et al. 2010) may explain its efficiency in

flushing out loose CH from root canals (van der Sluis

et al. 2007). Metzger et al. (2010b) determined that

when the operation of the SAF system with continu-

ous irrigation was coupled with the use of alternating

irrigants, dentine surfaces that were clean and mostly

smear layer free were obtained in all parts of the root

canal. In the present study, the superior results of the

SAF group when compared to the other groups

(except the PUI group) may be attributed to its adapta-

tion to the simulated internal resorption cavity and

the mechanical debridement efficacy of its continuous

irrigation system. A previous study evaluated the

effectiveness of CB in removing CH from the root canal

system. It was found that CH remnants were found to

be packed mainly in the apical third of the root in

nearly all specimens (Gorduysus et al. 2012). In the

present study, the majority of CH remnants in the CB

group may be attributed to a similar situation. Specifi-

cally, an amount of CH removed from the root canal

and resorption cavities could be packed again into

resorption cavities through CB.

In a previous study, it was reported that the Endo-

Vac was superior to CSI in removing CH from the

root canal (Yucel et al. 2013). This result is different

from the results of the current study. Nielsen &

Baumgartner (2007) stated that a significant problem

in using the EndoVac system is blockage of the

microcannula. One of the main purposes of the mac-

rocannula is to remove as much debris as possible

before the smaller microcannula is used, thus

reducing material that may block the microcannula.

In the present study, the microcannula blockage of

the EndoVac during the removal of CH may be a

contributing factor for the failure to completely

remove CH from the internal resorption cavities in

the EndoVac group.

There are a few studies regarding the use of EA in

the removal of CH from the root canal walls. Chou

et al. (2014) compared the effectiveness of different

intracanal irrigation techniques in removing intraca-

nal medicaments, and they stated that no irrigation

technique could completely remove all traces of medi-

caments and that there was no difference between

needle irrigation and EA. This finding is similar to the

results of the current study.

Conclusions

None of the techniques completely removed CH from

simulated internal root resorption cavities. SAF and

PUI were more effective than the CSI, CB, EA and

EndoVac techniques.
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