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 Objectives: This study aims to evaluate the efficacy of different solvents in dissolving and 

retrieving a calcium silicate-based root canal sealer, BioRoot RCS (Septodont, Saint-Maur-

des-Fossés, France). 

Materials and Methods: 110 mandibular premolars were instrumented and obturated with 

BioRoot RCS and single cone gutta-percha (GP) placed to the working length (group WL) 

or 2 mm short of the WL (group WL-2mm). Retreatment of canals was performed using 

rotary instruments, hand files and one of the following solvents (n=10): chloroform, xylol, 

eucalyptol, orange oil, endosolv or no solvent (n=5) as a control group. The ability to re-

achieve apical patency was evaluated. Next, 60 standardized stainless steel rings were used 

as molds for BioRoot RCS placement. The sealer molds were divided into 12 groups (n=5) 

and immersed in 10 ml of each solvent and distilled water as a control group, at 2 immersion 

periods (3 and 10 minutes). The percentage of sealer’s weight loss pre- and post-immersion 

was calculated. Data were statistically analyzed with the chi-square, Fisher exact, Kruskal-

Wallis on ranks, and Wilcoxon tests. 

Results: No significant difference was found between all tested solvents and the control 

group in terms of re-achieving apical patency and the ability to dissolve BioRoot RCS 

(p>0.05). 

Conclusions: Re-achieving apical patency after obturation with BioRoot RCS is not a 

predictable procedure and will mainly rely on the mechanical action of endodontic 

instruments. 

Keywords: Calcium silicate-based sealers, Obturation, Organic solvents, Retreatment, 

Solubility. 
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1. Introduction 

A high success rate of 97% has been reported for 

initial endodontic treatment (1); however, cases of post-

treatment failure still occur (2). Persistent or secondary 

intra-radicular infections are the main reason for initial 

endodontic treatment failure (3,4). Non-surgical root 

canal retreatment (NSRCR) is considered the treatment 

of choice in the management of persistent endodontic 

disease (5). The aim of NSRCR is to remove root canal 

filling material and re-achieve access to the apical 

foramen, in order to facilitate cleaning and shaping of 

the root canal system (6). 

One of the prognostic factors affecting the outcome 

of NSRCR is the achievement of patency at the canal 

terminus (7,8). The ability to achieve apical patency in 

NSRCR depends mainly on the retrievability of root 

canal filling material. Gutta-percha (GP) in conjunction 

with a root canal sealer form the most common used root 

canal filling materials (9,10). One of the properties of an 

ideal root canal sealer is that it should be easily removed 

from the root canal space if needed (11). Removal 

techniques involve mechanical instrumentation alone or 

https://doi.org/10.14525/JJD.v2i3.02
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with the use of organic solvents (9). 

Several types of solvents have been advocated for 

many years to soften GP and root canal sealers and assist 

in their removal, such as chloroform, xylol, eucalyptol, 

and orange oil (9,12).  Chloroform has been found to be 

the most effective solvent for the removal of GP (13,14). 

However, it is a toxic solvent with limited evidence of 

carcinogenicity (15). If handled judiciously in NSRCR, 

chloroform is safe and of no particular risk to the dental 

team (16). On the other hand, the risk to patients should 

also be considered and further investigated.  

Xylol/Xylene is a less toxic alternative to chloroform 

and has been investigated for GP removal (17). Some 

studies reported less efficiency of xylol compared to 

chloroform (18). However, others found that the 

application of xylol was more effective in dissolving 

different root canal sealers compared to chloroform, 

eucalyptol and orange oil (19).   

Essential oils, such as orange oil and eucalyptus oil, 

are able to dissolve different types of endodontic sealers, 

and have been reported to be safe and useful for this 

purpose (20). Some studies found that eucalyptol is less 

effective compared to chloroform, xylene, Endosolv E, 

and orange oil (18). On the other hand, a study reported 

that its dissolving ability may increase if warmed (21). 

The use of orange oil in dissolving GP and 

endodontic sealers has been recommended although its 

action was slower than that of chloroform (22). 

Endosolv (Septodont, Saint- Maur, France) is 

recommended by the manufacturer for the removal of 

GP, zinc-oxide eugenol-based and phenolic resin-based 

root canal sealers from the root canal space. This solvent 

has been introduced by the company Septodont after the 

discontinuation of Endosolv E and Endosolv R.   

In the last decade, various calcium silicate-based 

(CS) root canal sealers have been introduced as root 

canal sealing materials (10). CS sealers have excellent 

properties, such as antibacterial activity, 

biocompatibility, osteoconductivity, apical sealing 

ability as well as excellent physical properties (23-26). 

BioRoot RCS (Septodont, Saint-Maur-des-Fossés, 

France) is a CS root canal sealer based on tricalcium 

silicate materials. The powder contains tricalcium 

silicate, zirconium oxide as biocompatible radiopacifier 

and a hydrophilic biocompatible polymer for adhesion 

to tooth structure. The liquid contains mainly water, 

calcium chloride as a setting modifier and a water 

reducing agent. BioRoot RCS is a bioactive sealer that 

stimulates bone formation and mineralization of the 

dentinal structure, hence creating a favorable 

environment for periapical healing (27). It is considered 

to be a biocompatible material with excellent sealing 

properties (27,28). 

However, the retrievability or removal of CS sealers 

from the root canal space during NSRCR is still 

questionable. There is limited information in the 

literature on the ability to re-achieve apical patency 

through CS sealers, especially when the obturation has 

a short GP and the CS sealers are solely filling the 

remaining apical part of the canal, which is a common 

clinical scenario in NSRCR cases. It has been reported 

that the removal of a CS sealer (EndoSequence CS, 

Brasseler USA, Savannah, GA), resulted in obstruction 

of the apical foramen and a loss of patency (29). 

Moreover, some studies reported that the solubility of 

some CS sealers in chloroform is lower than 

conventional sealers, such as resin-based sealers (30). 

Information about the solubility of CS sealers in organic 

solvents is limited. 

Thus, the aims of the current in-vitro study were to 

evaluate the efficacy of different solvents in re-

achieving apical patency after obturation with BioRoot 

RCS and GP in two different obturation levels, and to 

evaluate the solubility of BioRoot RCS in different 

solvents. 

The null hypothesis was that there is no difference 

between different types of tested solvents in terms of re-

achieving apical patency after obturation using BioRoot 

RCS and in solubilizing BioRoot RCS. 

 

2. Materials and Methods 

The study protocol included two phases; the first 

phase evaluated the ability to re-achieve apical patency 

in teeth obturated with BioRoot RCS and GP following 

the use of different solvents. The second phase evaluated 

the solubility of BioRoot RCS by measuring its weight 

loss after immersion in different solvents. 

 

2.1 Re-achieving Apical Patency Test 

2.1.1 Selection of Teeth, Sample Preparation and 

Experimental Groups 

One hundred and ten sound human mature 

mandibular single-rooted premolars extracted as part of 

an orthodontic treatment plan were included in the 

current study. All included teeth had a single apical 

foramen and an apical root curvature less than 20 
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degrees. Digital radiographs were taken to verify that 

each tooth has one canal. The apical root canal curvature 

was measured by drawing a line on the radiographical 

image parallel to the long axis of the canal. A second 

line was drawn from the apical foramen to intersect with 

the first line at the point where the canal began to leave 

the long axis of the tooth, as shown in (Fig. 1A). The 

acute angle formed was measured by VixWin Pro ™ 

imaging software (Gendex Dental Systems, Des Plaines, 

IL, USA). Teeth were stored in distilled water until 

preparation and testing. 

All included teeth were decoronated using a 

diamoned wheel saw to standardize the root length to 

15mm. A #10 K-file (Dentsply Maillefer, Ballaigues, 

Switzerland) was inserted in the canal until it was visible 

at the apical foramen and the working length (WL) was 

determined by subtracting 1 mm from this measurement. 

The root canals were prepared using a combination of 

manual files and ProTaper Universal Rotary System 

(Dentsply Maillefer, Ballaigues, Switzerland) to size F3. 

Irrigation with 2 mL of a 5.25% sodium hypochlorite 

(NaOCl) solution was performed during mechanical 

preparation of the canals. Following mechanical 

preparation, 17% EDTA was applied for 1 min followed 

by 2 mL of 5.25% NaOCl. A 27-G side-vented needle 

was used for all irrigation procedures by inserting the 

needle tip 1mm shorter than the WL. The canals were 

dried with paper points and apical patency was 

reconfirmed before obturation by inserting #10 K-file 

1mm beyond the WL.  

All teeth were obturated using BioRoot RCS and a 

single GP master cone (#F3, Dentsply Maillefer, 

Ballaigues, Switzerland). The sealer was mixed 

according to the manufacturer’s recommendations, a full 

leveled spoon of powder was mixed with 5 drops of 

liquid, then it was introduced into the canal with a #25 

lentulo spiral (Dentsply Maillefer) to the WL until the 

sealer was extruded from the apical foramen (13). 

Next, the specimens were divided into 2 groups 

(n=55 for each group). In the first group (WL), the 

master cone was inserted to the WL (Fig. 1B). In the 

second group (WL-2 mm), the master cone was trimmed 

by a surgical blade #15 to fit approximately 2 mm short 

of the WL to ensure that the apical 2 mm was filled with 

sealer only, to stimulate a “short obturation” and to 

evaluate the ability of re-achieving patency through 

BioRoot RCS (Fig. 1B). Following obturation, master 

cones were cut via heated plugger. The access cavities 

were temporarily sealed with Cavit (ESPE-Premier, 

Norristown, PA, USA), then the specimens were 

covered by wet gauze and placed in a container. The 

container was stored in an incubator (TS 606/2-I, WTW, 

Germany) (80-90% humidity and 37°C) for 2 weeks to 

allow sealers to set completely. 

After the 2-week incubation period, both groups 

(WL and WL-2mm) were further sub-divided randomly 

into the following 5 sub-groups (n=10) based on the 

tested solvent used in retreatment: group I chloroform; 

group II xylol (Applichem, Germany); group III 

eucalyptol (Cerkamed, Poland); group IV orange oil 

(Dr.Schumacher, Germany); group V Endosolv 

(Septodont, Saint-Maur, France). Additionally, two 

control groups (WL and WL-2mm) with no solvent were 

included as control groups (n=5). 

The temporary restorations were removed with a 

straight fissure carbide bur in a high-speed handpiece. 

ProTaper Universal Retreatment files D1 and D2 

(Dentsply Maillefer, Ballaigues, Switzerland) were used 

sequentially to remove the coronal root canal filling 

material at 500 rpm and 4N.cm torque in a crown-down 

manner, leaving 3 mm of obturation material. 

An attempt to re-achieve patency was initiated by 

placing 3 drops of the tested solvent in the root as far 

apically as possible delivered by a 27-G side-vented 

needle, followed by using a new #10 K-file (21mm 

length) (Dentsply Maillefer, Ballaigues, Switzerland) in 

a watch winding motion (13). Patency was defined as 

the visualization of the file from the anatomic apex, 

achieved by inserting the file 1mm beyond the WL. If 

patency could not be re-achieved within 3 minutes after 

placing the solvents, the patency test was terminated.  

The ability to re-achieve apical patency was reported 

for each sample (achieved, or not achieved). All sample 

preparation, treatment, and evaluation were performed 

by a single operator to reduce inter-operator variability. 

 

2.2. Solubility of BioRoot RCS Test 

2.2.1 Sample Preparation  

Sixty standardized stainless steel rings with a 

thickness of 1.65 mm ± 0.1 mm and an internal diameter 

of 6.2 mm ± 0.1 mm were fabricated at the engineering 

workshops of Jordan University of Science and 

Technology to be used as molds for BioRoot RCS 

placement. A small peripheral hole was drilled in each 

ring by a small round carbide high-speed bur. This hole 

was drilled to hang the rings in the glass test tubes using 

http://www.gendex.com/support-vixwin
http://www.gendex.com/support-vixwin
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stainless steel wires during the immersion process as 

described below (30,31). 

The stainless steel molds were placed on wax sheets 

over a vibrator device, in which the freshly mixed sealer 

was injected into the mold using a 3-milliliter (ml) 

syringe filling the central hole of the ring with slight 

excess, to prevent air entrapment and void formation 

(Fig. 1C). All molds were covered by wet gauze and 

placed inside a container. The container was stored in an 

incubator (TS 606/2-I, WTW, Germany) for two weeks 

at 37°C and 80%-90% humidity, to allow the sealer to 

set completely. Any samples showing void formation 

were excluded and replaced with new void-free samples. 

 

 

Figure 1: (A) A digital radiograph showing the measurement of root canal curvature angles of two teeth; 

(B) Decoronated teeth samples obturated with single master cone and Bio-Root RCS; (C) A representative image of 

filling the central hole of stainless steel molds with sealer using a  3-milliliter syringe with slight excess while turning 

on the vibrator 

 

Two weeks later, the samples were taken out of the 

humidifier and excess sealer was trimmed to the level of 

the mold surface using a composite finishing disc 

(Finishing disc, Enhance® Finishing system). Next, the 

samples were randomly divided into 6 groups (n = 10), 

based on the tested solvent: group chloroform; group 

xylol (Applichem, Germany); group eucalyptol 

(Cerkamed, Poland); group orange oil (Dr.Schumacher, 

Germany); group Endosolv (Septodont, Saint- Maur, 

France) and group distilled water as a control group. 

Each group was further divided into two sub-groups (n 

= 5) based on the immersion period (3-minute and 10-

minute immersion periods).  

A baseline weight measurement (pre-immersion) for 

each sample was recorded using a digital scale (Kern 

type ABJ-NM/ ABS-N, Germany). This was carried out 

by measuring each sample 3 times and the average 

reading was recorded to obtain the initial mass. All 

weight measurements were recorded to three decimal 

places of a gram (g). 

 

2.2.2 Solubility Testing 

Each sample in the sub-groups was immersed in 10 

ml of its solvent in a glass test tube for 3 minutes or 10 

minutes in a static environment. The molds were hanged 

by inserting a stainless steel wire in the peripheral hole 

of the mold to allow its suspension in the solvent. After 

the specified immersion period, the samples were 

removed from the solvents and wiped with filter paper. 

Furthermore, the solvents were allowed to evaporate 

completely from the samples for 24 hours at 37°C in a 

dry oven (UL 30, Memmert GmbH, Germany). 

A second weight measurement (g) was recorded for 

each sample (post-immersion) using the same manner as 

described above (3 times and the average reading was 

recorded). The percentage of weight loss was calculated 

to three decimal places based on the difference between 

pre- and post-immersion readings. 

 

2.3 Statistical Analysis 

The experimental data obtained from phases 1 and 2 

was analyzed using SPSS, version 23.0 (SPSS, Inc., 

Chicago, IL). Chi-square test was performed to analyze 

the ability to re-achieve apical patency and the Fisher 

exact test was used for one-to-one comparison between 

sub-groups of each solvent. Regarding the solubility 
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testing results, the Shapiro-Wilk test indicated that data 

was not normally distributed. Kruskal-Wallis on ranks 

test was used for multiple-group comparisons. Wilcoxon 

test was applied for comparison between 3-minute and 

10-minute immersion periods for each solvent. A 

significance level of α = 0.05 was applied to all tests. 

 

3. Results 

3.1 Re-achieving Apical Patency 

Percentages of samples (%) with re-established 

apical patency at different solvents and obturation 

lengths are shown in Table 1. In group WL, apical 

patency was re-achieved in 50% of the chloroform sub-

group, followed by xylol, orange oil and Endosolve sub-

groups in which 40% of specimens in each of these 

groups re-achieved apical patency. 20% of samples 

showed apical patency in eucalyptol and control sub-

groups. No statistically significant difference was found 

between all sub-groups (P >0.05). 

 

         Table 1: Percentage of samples (%) with re-established apical patency 

                        at different solvents and obturation lengths (n=10). 

Sub-groups 

Percentage of samples with re-established 

patency (%) 

Full WL WL-2mm 

Chloroform 50 80 

Xylol 40 40 

Eucalyptol 20 60 

Orange oil 40 60 

Endosolv 40 60 

Control group 20 40 

 

In group WL-2mm, apical patency was re-achieved 

in 80% of the chloroform sub-group, 60% of eucalyptol, 

orange oil and Endosolv sub-groups, and in 40% of xylol 

and the control sub-groups. No statistically significant 

difference was found among all sub-groups (P >0.05). 

Similarly, for each tested solvent, there was no 

statistically significant difference between WL and 

WL-2mm sub-groups (P>0.05). 

 

3.2 Solubility of BioRoot RCS 

Mean and standard deviation (SD) for the percentage 

of weight loss of BioRoot RCS for each solvent sub-

group at two different immersion periods are shown in 

Table 2. 

In the control group, distilled water did not dissolve 

the sealer after three minutes of immersion, while in 10-

minute immersion, it was dissolved only by 0.001%. 

Overall, the percentage of weight loss for all sub-

groups showed no statistically significant difference at 

both immersion periods (p>0.05) (Table 2). 

For each tested solvent, the results revealed no 

significant increase in the percentage of sealer’s weight 

loss with time (3 minutes and 10 minutes) (P>0.05). 

 

Table 2: Mean percentage (%) with standard deviation (SD) of weight loss(gram) 

               for Bio-Root RCS at different solvents and immersion periods 

               (minutes) (n=5) 

Sub-groups 

Percentage of weight loss (g)  

3 minutes 10 minutes 

Mean (%) SD Mean (%) SD 

Chloroform 0.006 0.003 0.019 0.025 

Xylol 0.005 0.008 0.008 0.017 

Eucalyptol 0.002 0.002 0.006 0.002 

Orange oil 0.002 0.002 0.005 0.002 

Endosolv 0.004 0.004 0.007 0.007 

Distilled water 0.000 0.000 0.001 0.002 
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4. Discussion 

Despite the high success rate of initial root canal 

treatment, NSRCR has become a frequent procedure in 

modern dentistry (5). Complete removal of the 

potentially infected root canal filling material during 

NSRCR and re-achieving apical patency is essential for 

efficient disinfection of the root canal system (7, 8).  

CS sealers, such as BioRoot RCS, are becoming 

widely used for the obturation of root canal treated teeth 

due to their superior properties (23-25). One of the 

concerns associated with the use of CS sealers is their 

retrievability in cases where NSRCR is indicated (30). 

This study investigated the efficacy of different solvents 

in re-achieving apical patency after obturation with 

BioRoot RCS and their efficiency in dissolving BioRoot 

RCS. The results of the current study revealed that no 

significant difference was found between all tested 

solvents and the control group in terms of re-achieving 

apical patency and the ability to dissolve BioRoot RCS, 

thus accepting the null hypothesis.  

BioRoot RCS interacts chemically with the dentine 

along the root canal wall through an intra-tubular 

diffusion of the calcium silicate minerals in a mineral 

infiltration zone (32). The bioactivity of this sealer leads 

to the deposition of apatite crystals in a mineral 

infiltration zone (32). The bonding of BioRoot RCS is 

postulated to be micro-mechanical in nature similar to 

resin sealer tags, as demonstrated in a confocal 

microscopy study (33). This biomineralization activity 

as well as its hardness upon setting (34), may impede the 

complete removal of this sealer from the root canal 

during NSRCR. 

To the best of the authors’ knowledge, this is the first 

study to investigate the efficacy of different solvents in 

dissolving or retreating cases of BioRoot RCS at 

different obturation levels. In the first phase of the study, 

the ability to re-achieve apical patency for two groups 

(WL and WL-2mm) was tested using a standardized 

method adopted from previous studies (13,29). The root 

canal anatomy varies greatly, especially in the diameter 

of apical third (35). Only mature roots with an apical 

curvature less than 20 degrees were included in this 

study in an attempt to standardize the apical third 

anatomy in terms of diameter and straightness (29). The 

WL group was filled to the WL, while the WL-2mm 

group was filled 2 mm short of the WL to mimic a short 

obturation, which is a frequently met clinical situation 

during NSRCR (36). This patency study model (WL-

2mm group) allowed for testing whether the sealer can 

be penetrated using a combination of solvents and files 

in cases where the apical part of the canal is filled solely 

with the BioRoot RCS material. 

The current study showed no difference in achieving 

patency between all tested solvents and the control 

group. In the WL group, apical patency was re-achieved 

in 20%-50% of the samples, while in the WL-2mm 

group, it was slightly higher to 40%-80%. However, the 

differences were statistically insignificant. The results 

indicate that obturation with single GP cone and 

BioRoot RCS may result in the blockage of the apical 

foramen and a loss of apical patency at both obturation 

levels. A study reported that remaining BC sealers were 

detected in the apical foramen using scanning electron 

microscopy, preventing the re-achievement of the apical 

patency during retreatment (29). Moreover, a recent 

micro-computed tomography study reported that the 

percentage of CS material (EndoSequence BC) removed 

in the apical third during retreatment was around 70% 

(11). These findings may provide a rationale for the 

current results. 

Some previous studies reported that chloroform was 

significantly more efficient in re-achieving apical 

patency when compared to other solvents (13, 14). A 

study found that chloroform was able to re-achieve 

apical patency in 100% of cases obturated using MTA 

Fillapex® (Angelus, Londrina, PR, Brazil) in both 

groups (WL & WL-2mm) (13). Similarly another study 

re-achieved apical patency in all cases obturated to the 

WL using EndoSequence BC Sealer  with the aid of 

chloroform (14). In the current study, chloroform did not 

show significant superior results for BioRoot RCS and 

was comparable to the control group (no solvent). 

A study evaluated the efficiency of Endosolv E and 

Endosolv R (precursors of Endosolv), in re-achieving 

apical patency for cases obturated using MTA 

Fillapex®. Endosolv E showed efficiency in 100% of 

cases, while Endosolv R reported lower efficiency 

ranging from 10% to 50% of the cases. Their results also 

showed higher efficiency of eucalyptol in comparison to 

the current study (80%-90%, 20%-60%, respectively) 

(13).  

On the other hand, some studies reported that 

patency can be re-achieved in 80%-100% of the cases 

obturated using CS sealer to the full WL (EndoSequence 

BC) without the aid of any solvent (29, 37). However, 

when testing samples obturated  2mm shorter than WL, 
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patency was re-achieved only in 30% of the cases (29). 

This indicates that penetrating through the CS sealer 

could be more challenging if the apical area is only filled 

with the sealer material (13,14,29). However, this did 

not apply for BioRoot RCS, as both groups in the current 

study (WL and WL-2mm) showed statistically 

comparable results. Interestingly, a recent study testing 

samples obturated 2mm short of the WL reported that 

the retrievability of three calcium silicate–based sealers 

decreased when solutions were used compared with no 

solution (36).  

Such differences between the current results and 

previous studies could be attributed to the difference in 

the experimental protocols, solvents, immersion 

periods, the type and properties of CS sealers tested. A 

micro–computed tomographic study showed that 

BioRoot RCS exhibited a significantly higher 

percentage of voids than AH Plus (Dentsply DeTrey 

GmbH, Konstanz, Germany) when the cold lateral 

condensation technique was employed (33). The 

presence of voids could be attributed to the properties of 

BioRoot RCS, as it has a shorter working time and less 

flow compared to AH Plus (38). Manual mixing of the 

sealer and difficulty in manipulating standardized 

amounts of powder and liquid (especially liquid drops) 

may also contribute to void formation. Presence of voids 

could affect the ability to penetrate through the material 

during retreatment. 

On the other hand, a study evaluating the amount of 

remaining sealer in the dentinal tubules following 

retreatment by confocal laser scanning microscopy 

showed that the highest penetration depth was measured 

in BioRoot RCS compared to MTA-Fillapex, and AH26 

(Dentsply DeTrey GmbH, Konstanz, Germany) (39). 

This could make complete removal of the remaining 

material during NSRCR more challenging. This 

indicates that thorough investigations of various types of 

CS sealers are crucial, due to differences in their 

properties and behaviors. 

In the second phase of the study, a standardized 

protocol was followed to evaluate the solubility of 

BioRoot RCS in solvents (30, 31). BioRoot RCS was 

filled in standardized molds in a way that prevented void 

formation, as described in the “methods” section. The 

soaked molds were wiped with filter paper following 

their immersion in different solvents, in an attempt to 

prevent adherence of sealer and solvent residues to the 

mold surface. Next, they were placed in an oven for 24 

hours at 37°C to ensure complete evaporation of 

solvents and dryness of the mold surfaces, since the 

organic solvents are volatile. These steps maximized the 

accuracy of weight measurement by eliminating extra 

weight from potentially adhered solvents to the molds. 

The current study tested two immersion periods, 3 

minutes and 10 minutes. There are no established 

clinical standards for evaluating the root canal sealer 

solubility in organic solvents. Previous similar in-vitro 

studies adopted various immersion periods ranging from 

30 seconds to 20-minute (19, 30, 31). The 3-minute 

immersion period applied in the current study is 

clinically relevant, and supports the validation of the 

results obtained from phase 1, Furthermore, the 10-

minute immersion period was applied to assess the 

effect of extended exposure time on the dissolution of 

BioRoot RCS. 

The current study showed no significant difference 

in the weight loss percentage of BioRoot RCS after 

immersion in different solvents and the control group for 

both tested periods (3 minutes and 10 minutes). 

Similarly, no significant differences were found 

between 3- and 10-minute immersion periods for all 

tested solvents. In contrast, several previous 

investigations reported a significant increase in the 

solubility of CS sealers with longer immersion periods 

(19, 30, 31, 40). A study reported that chloroform 

showed a significantly higher dissolving effect 

compared to eucalyptol in dissolving MTA Fillapex® at 

different immersion periods (30). Another study 

reported a higher dissolving ability of Endosolv E 

compared to eucalyptol, but lower than chloroform for 

MTA Fillapex®. The differences in results between 

different studies could be attributed to the different types 

of CS sealers tested, as well as the different immersion 

solutions and periods. 

In the control group, distilled water did not dissolve 

BioRoot RCS in the 3-minute group, while it dissolved 

the minimum insignificant percentage of sealer in the 

10-minute group. Similarly, a previous study reported 

no weight loss of MTA Fillapex® after 10 minutes of 

immersion in distilled water (30). 

This in-vitro study presented several limitations. 

Some clinically relevant parameters, such as the effect 

of body temperature on solvents, and the dilution or 

interaction of solvents with biological fluids, could not 

be tested due to in-vitro conditions. The possibility of 

chemical interaction of the sealer with the solvents 
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tested in the current study is not clearly understood. If 

reactions occur, the solubility testing might not provide 

sufficiently accurate results. Future studies analyzing 

the amount of sealer leached into the tested solutions 

could offer further insights into its solubility 

characteristics. Moreover, the comparison with different 

types of CS sealers and the use of different NSRCR 

methods was not conducted and could add more data to 

the current results. Hence, the need for further 

investigations is recommended to impose sound clinical 

recommendations. 

 

5. Conclusions 

BioRoot RCS cannot be sufficiently dissolved in 

various solvents used for re-treatment even after an 

immersion period of 10 minutes. These findings support 

the results of the first phase of the study (re-achieving 

patency), and suggest that the action of the tested 

solvents on BioRoot RCS is insignificant and 

comparable to distilled water. This concludes that the 

retrievability of BioRoot RCS in NSRCR is not a 

predictable procedure and will mainly rely on the 

mechanical action of endodontic instruments. 
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