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ABSTRACT

INTRODUCTION: Calcium hydroxide is used widely as an intracanal medication dressing due to its anti-
bacterial activity. It is left into the root canal for a different period of time. Intracanal calcium hydroxide is 
usually removed by the use of instrumentation and irrigation. The residual material may interact with the 
root canal sealer and interfere with its sealing ability.

AIM: The aim of this article is to review the literature in order to compare the main techniques that can be 
used to remove calcium hydroxide from the root canal system.

RESULTS: Intracanal calcium hydroxide is usually removed by the use of continuous irrigation, in conjunc-
tion with rotary or hand instruments, sonic or ultrasonic activation of the irrigants.

CONCLUSION: None of the described techniques is able to provide a complete removal of the intracanal cal-
cium hydroxide from the root canal walls in all clinical cases, because of the complexity of the root canal 
system of every tooth. There is no standard protocol and different techniques should be applied and com-
bined in order to achieve clean root canal walls before the definitive obturation of the root canal system.
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INTRODUCTION
It has been established that bacteria and their 

products play a key role in the initiation and progres-
sion of pulpo-periapical pathology (1,2). Elimina-
tion of the bacteria from the root canal system is nor-
mally accomplished by mechanical instrumentation 
along with the application of various irrigating solu-
tions and antibacterial agents (1). The use of intraca-
nal medication after chemomechanical preparation 

provides a better chance of periapical repair, since 
the mechanical preparation by itself does not reach 
all the lateral root canals or dental tubules (3). Calci-
um hydroxide is highly recommended as an interap-
pointmentintracanal endodontic dressing because of 
its antibacterial activity against most of the bacterial 
species, identified in endodontic infections (1).

Calcium hydroxide has been used in dentistry 
for over a century. It has been described in a num-
ber of applications such as in cases with root resorp-
tion, as an intracanal medication and root canal seal-
er. The material provides a lot of advantages, but also 
has some limitations (4,5). In 1920 calcium hydrox-
ide was introduced in dentistry by Herman as a pulp-
capping material but today it is widely used in the 
field of endodontics (4,6,7).

Chemically, calcium hydroxide is a strong base 
with pH about 12.5-12.8, which dissociates into calci-
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um and hydroxyl ions (8).As an intracanal dressing, 
the material is available in different forms.

The wide use of calcium hydroxide in the field 
of endodontics is due to its numerous advantages, 
such as (9):

�� Initial bactericidal effect, then a bacteriostatic 
one;

�� Promotion of healing and repair;
�� High pH that stimulates the fibroblasts;
�� Can help stop internal resorption
�� It is inexpensive and easy to use.
On the other hand, calcium hydroxide has also 

some disadvantages, such as (9):
�� Does not adhere to dentin or resin restorations.
�� Degrades upon tooth flexure.
�� Dissolves over time.
The application of calcium hydroxide at in-

tervals of at least seven days is able to eliminate or 
at least reduce the total number of bacteria surviv-
ing after the biomechanical preparation (10). It has a 
wide range of antimicrobial activity, but limited ef-
fect against E. faecalis and C. albicans. It is also an ef-
fective anti-endotoxin agent (6). The effect of calcium 
hydroxide on pro-inflammatory cytokines was stud-
ied and it was concluded that it leads to denaturation 
of pro-inflammatory mediators such as interleukin-
1α (IL-1α), tumornecrosisfactorα (TNFα) and calci-
toningene-relatedpeptide (CGRP), which is a poten-
tial mechanism by which calcium hydroxide contrib-
utes to periapical repair (11).

Different techniques can be used for the place-
ment of calcium hydroxide in the canals, namely: sy-
ringes, finger spreaders, rotary lentulo spirals, spe-
cially designed paste carriers, etc. (12).

Incomplete removal of the material from the 
root canal may affect sealer performance and the 
long-term prognosis of the endodontic treatment 
(13,14).

MATERIALS AND METHODS
We have gathered articles and compared results 

from numerous studies in order to summarize some 
of the main techniques for removal of calcium hy-
droxide from the root canal system, as well as com-
pare the different methods to each other according to 
their efficiency.

RESULTS
Cleaning of the root canal system may be 

achieved by delivering effective irrigation, solution 
activation as well as by direct contact with all ca-
nal walls, especially in the apical third.Several meth-
ods have been described to remove calcium hydrox-
ide from the root canal system. The most commonly 
applied method is using a master file to the working 
length in conjunction with ethylenediaminetetraace-
tic acid (EDTA)and NaOCl irrigation (15). Using ro-
tary files, sonic and ultrasonic activated tips with ir-
rigation have also been recommended. It has been re-
ported that continuous irrigation with vibrating mo-
tion may have positive effect on the cleaning process, 
particularly in the apical third of the canal, which is 
the most difficult part to clean (16). 

Lambrianidis et al. (1) in 1999 investigated 
whether differences in the composition of calcium 
hydroxide preparation influences the removal effi-
ciency of irrigation solutions. A total of 51 extract-
ed single-rooted teeth were divided into 3 groups, 
where different type of calcium hydroxide and dif-
ferent irrigant, namely saline, EDTA in combination 
with NaOCl, and NaOCl were used. The results of 
the study revealed that none of the methods used was 
efficient in removing the entire dressing from the 
root canal walls, leaving 25-45% of the surface of the 
walls covered with calcium hydroxide. In all the ob-
servedteeth the irrigants were delivered into the root 
canal system with a syringe, which was proved by the 
study tonot be efficient enough, although for the root 
canal instrumentation a Gated Glidden burr was 
used, allowing the irrigation needles to reach most 
areas of the root canal system. The present study also 
revealed that the calcium hydroxide content in the 
intracanal dressing does not influence the removal 
efficacy.

Rödig et al. (17) compared the efficacy of dif-
ferent irrigant solutions (1% NaOCl, 10% citric acid 
and 20% EDTA) in the removal of calcium hydroxide 
from the root canal walls. The volume of irrigant was 
20 mLand the irrigation time was 5 min. The authors 
concluded that the best results were found for irriga-
tion with EDTA and citric acid. The combination of 
irrigants in the study did not result in improvement 
in terms of cleanliness.
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Taşdemir et al. (18) also compared in a study the 
efficacy of several techniques for the removal of cal-
cium hydroxide from root canals. The authors con-
cluded that significantly less residual material was 
obtained with a CanalBrush and passive ultrason-
ic activation of NaOCl than with syringe delivery of 
NaOCl and NaOCl together withEDTA. None of the 
used in the study techniques was able to remove the 
calcium hydroxide intracanal dressing completely.

Passive ultrasonic irrigation with 2% NaO-
Cl was also proven to be more efficient in remov-
ing calcium hydroxide paste from artificial root ca-
nal grooves than the syringe delivery of 2% NaOCl 
or water (19).

Another study (20) compared the efficiency of 
removing calcium hydroxide/chlorhexidine gel, cal-
cium hydroxide/chlorhexidine solution and calci-
um hydroxide/saline pastes with the use of irrigation 
with NaOCl and EDTA solution. The role of the pa-
tency file in the cleanliness of the apical third of the 
root canal was also evaluated and proven beneficial 
in the removal of the medicament in the apical third 
of straight root canals.

Different studies (21) compared ultrasonically 
activated irrigation and syringe irrigation according 
to the ability of removal of calcium hydroxide from 
the root canal. Ultrasonically activated irrigation in 
general was found to be significantly more effica-
cious in all of the studies.Ultrasonically activated ir-
rigation and sonic irrigation were also compared. In 
the reviewed studies (21) the EndoActivator system 
(Advanced Endodontics, Santa Barbara, CA) was 
used to perform the sonic activation. The sonic tip 
was activated at 2 mm from the working length in all 
of the reviewed studies. Some of the studies report-
ed the superiority of ultrasonic activation, whereas 
the other half reported no significant differences be-
tween both techniques.

A comparison between the ultrasonically acti-
vated irrigation and negative pressure systems (En-
doVac device) was also performed and proved the ul-
trasonically activated one superior to the ANP irri-
gation (21).

Ultrasonically activated irrigation was also 
compared to other methods, used for the removal of 
calcium hydroxide. One study reported the superior-

ity of ultrasonic irrigation over the use of rotary files 
(ProTaper, Dentsply, Switzerland) (22).

Bottcher et al. (23) reported that there is no sig-
nificant difference between ultrasonically activated 
irrigation and the use of a hand file. Ma et al. (24) 
proved that the Gentle Wave System (Sonendo, CA), 
which has been developed for cleaning the root ca-
nal system and uses advanced fluid dynamics to de-
liver irrigating solutions, is better in the removal of 
calcium hydroxide than the ultrasonically activated 
irrigation.

Pabel et al. (25) published the results of a study, 
comparing the ability of different techniques and 
namely passive ultrasonic irrigation, hydrodynamic 
irrigation using RinsEndo, sonic irrigation using En-
doActivator, motor-driven plastic brush and a man-
ual irrigation with a syringe, to remove calcium hy-
droxide from the root canal walls. Complete removal 
of the calcium hydroxide could not be achieved with 
any of the investigated techniques. The passive ultra-
sonic irrigation assured the highest degree of cleanli-
ness and the coronal grooves in the root canal walls 
showed more remaining calcium hydroxide than the 
apical ones. Ultrasonically activated irrigation en-
hanced calcium hydroxide removal from complex 
root canal anatomy (26). The removal efficacy of cal-
cium hydroxide seemed to be dependent on the use 
of EDTA solution in the irrigation protocol, possi-
bly by chelation of calcium ions. Based on a study, 
conducted in 2017 (26), radiographic analysis may be 
considered as a reliable method for the assessment of 
calcium hydroxide removal.

Wang et al. (27) studied in vitro the efficacy of 
removing calcium hydroxide from curved root ca-
nals and proposed a calcium hydroxide removal pro-
tocol. The authors described it as a stable and effec-
tive method to remove calcium hydroxide from the 
root canal system. They recommended using EDTA 
17% or 10% citric acid with Endo Activator or passive 
ultrasonic irrigation. The protocol uses more than 10 
mLof irrigant (Fig. 1).

Another study (28) concentrated on the ef-
ficiency of laser-activated irrigation (erbium, 
chromium:yttrium–scandium–gallium–garnet (Er,- 
Cr:YSGG) and concluded that it facilitated the re-
moval of the medicament from standardized grooves, 
while the type of irrigating solution – EDTA or phyt-
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ic acid, used as final rinse, did not play a significant 
role in the removal process. 

Laser activated groups of teeth obtained signifi-
cantly less residual calcium hydroxide than the nee-
dle-irrigated ones. No significant difference was ob-
served among the irrigants: EDTA, QMix 2 in 1 and 
paracetic acid (29). On the contrary, the Er:YAG laser 
did not improve the calcium hydroxide removal dur-
ing conventional root canal therapy irrigation with 
EDTA and NaOCl under the conditions of a study, 
performed by Kaptan et al. (30).

The removal of radioactively marked calcium 
hydroxide from the root canal system was investigat-
ed (31). The authors proved that increasing the irri-
gation volume led to a significant decrease of resid-
ual calcium hydroxide, however no irrigation pro-
cedure was able to remove calcium hydroxide com-
pletely. Irrigation of 8 mLvolume of alternating 40% 
citric acid and 3% NaOCl was proven by the study to 
be the most effective.

Faria et al. (32) concluded that the rotary in-
strumentation, combined with EndoActivator, En-
doVac and passive ultrasonic activation is more ef-
ficient in removing calcium hydroxide from the root 
canal walls than the rotary instruments combined 
with conventional needle irrigation.

The use of SAF-system (Self-Adjusting File, Re-
Dent-Nova, Israel)in combination with EDTA and 
NaOCl enhanced calcium hydroxide removal in 
comparison with the use of only NaOCl with SAF. 

Passive ultrasonic irrigation and SAF were proved 
more efficient than EndoVac and conventional sy-
ringe irrigation in the removal of calcium hydroxide 
from artificial grooves in the apical third of the root 
canal, according to another study (33). 

In the early 1977 Margelos et al. (34) demon-
strated that 15% EDTA or NaOCl alone does not 
remove the calcium hydroxide from the root canal 
walls, but their combination, along with hand instru-
mentation, improves the calcium hydroxide removal. 

Since that discovery a lot of new techniques and 
methods have been developed, making the proper 
irrigation of the root canal system more achievable.
However, none of the irrigants was proved to be able 
to remove the residual calcium hydroxide completely 
in vivo. Maleic acid (7%), a chelating agent, has been 
found to possess better smear layer removal quality 
when compared to 17% EDTA (35).

Ballal et al. (36) conducted a study the purpose 
of which was to compare the efficacy of 10% citric 
acid, 17% EDTA and 7% maleic acid using ultrason-
ic activation in the removal of calcium hydroxide as 
an intracanal medicament. The study concluded that 
none of the irrigants could remove calcium hydrox-
ide – iodoform – silicone oil mixture completely. A 
total of 7% maleic acid and 10% citric acid removed 
the calcium hydroxide mixture significantly better 
than the 17% EDTA solution.

DISCUSSION
The different results reported by the different 

studies can be explained with the complexities of 
the different methodologies used. Different types of 
calcium hydroxide, irrigation times, solutions, and 
outcome measurements are used. Numerous stud-
ies prove that neither irrigation, nor different re-
moval methods could provide complete removal of 
the intracanal dressing from the root canal walls 
(1,18,19,29,31,37). Remnants of calcium hydroxide in 
simulated root resorption cavities were found in all 
experimental groups of teeth, regardless of the final 
irrigation technique used (38).

On the other hand, calcium hydroxide should 
be removed completely from the root canal system, 
because the persistence of calcium hydroxide may in-
terfere with the sealing ability of endodontic sealers 
and affect the adhesion of endodontic sealers to the 
canal walls (13, 39).

Fig. 1. Calcium hydroxide removal protocol
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Eymirli et al. (24) conducted a study aimed to 
evaluate the influence of calcium hydroxide on the 
bond strength to root dentin of the epoxy resin-
based AH Plus jet (Dentsply) and calcium hydrox-
ide-based Apexit Plus (IvoclarVivadent) after using 
different calcium hydroxide removal techniques. The 
bond strength was measured by the push-out bond 
method. The study indicated that the bond strength 
was influenced only in the case with AH Plus, while 
for Apexit Plus there were no statistically significant 
differences. As an explanation for the results it was 
suggested that calcium hydroxide burdened the pen-
etration of AH Plus into the dentinal tubules.

An ideal root canal filling material should ad-
here to the root canal dentin and resist dislocation 
forces. Therefore, the sealer should bond as much as 
possible with the root canal dentin (41).

In their study, Gokturk et al. (42) proved that 
the prior application of calcium hydroxide did not 
significantly affect the adhesion of AH Plus, MTA 
Fillapex and Total Fin BC sealer, when a matching-
taper-single-cone obturation technique was used. 
Similar results are reported from another study (43), 
which concluded that calcium hydroxide did not af-
fect the bond strength of the epoxy resin-based seal-
er in the middle and apical thirds. A study, conduct-
ed in 2012 (44), even proved that calcium hydroxide, 
used as intracanal medication for 14 days, had a pos-
itive influence on the bond strength of epoxy resins 
sealers (AH) to the dentin.

On the other hand several studies (17,45) have 
observed that calcium hydroxide reduces dentinal 
permeability by physically blocking the tubules.

The different results from the reviewed articles 
and studies may be due to the different methologies 
of the experiments. Deformation of the gutta-percha 
during the push-out bond test may also lead to in-
correct measurements (46). The use of core materi-
al in root canal fillings presents with some disadvan-
tages even without the use of intracanal dressing of 
calcium hydroxide, such as voids formation between 
the core material and sealer and lack of homogene-
ity (41).

CONCLUSION
Calcium hydroxide as an intracanal medica-

ment has been widely used and its main advantag-
es and antibacterial properties are well known. Re-

moving all of the intracanal material until achieving 
clean root canal walls before obturation of the root 
canal is still sometimes problematic. The removal of 
calcium hydroxide has been investigated using vari-
ous irrigants and techniques.

Despite the developing of superior devices and 
technologies, allowing the irrigants to reach a wider 
part of the root canal system, the complete removal 
of the calcium hydroxide before obturation is still not 
always guaranteed. Clinicians should put extra ef-
forts and combine different irrigants and techniques 
in order to minimize the residual calcium hydroxide 
in the root canal walls and to create favorable condi-
tions for optimal sealing ability of the root canal ob-
turation material.
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