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INTRODUCTION
When root canal treatment fails to 
promote healing, the first option 
for preserving the tooth is nonsur-
gical endodontic retreatment. The 
persistence of microbial infection 
in the root canal system and/or the 
periradicular area has been identi-
fied as the primary cause of failure 
(1). A retreatment procedure in 
such cases aims to disinfect the 
root canal space and reduce the 
microbial population through the 
complete removal of all filling ma-
terials (2), and the dentine surface 

must be cleaned to facilitate the direct action of irrigation and intracanal medications to create 
conditions conducive to periradicular healing (3).

Several approaches for removing root-filling material have been proposed, including manual instru-
ments with or without chemical solvents, heated instruments, Gates-Glidden drills, and rotary or re-
ciprocation systems (4-7). Although these techniques can be considered effective, no retreatment 
protocol can completely remove all the filling material, particularly in the apical third (8). Supple-
mentary methods have therefore been advocated for more efficient removal of the remaining fill-

•	 The percentage of cleaned walls was higher when a 
supplemental method was used to activate NaOCl 
and EDTA.

•	 The XP Finisher R and XP Finisher could be used to 
enhance surface cleanliness after retreatment of 
hydraulic calcium silicate sealers.

•	 The apical third of the root canal is the most diffi-
cult area to clean.

•	 All of the used methods failed to produce com-
pletely clean canal walls.

HIGHLIGHTS

Objective: The aim of the study was to compare the cleaning efficiency of XP Finisher (FKG Dentaire, La 
Chaux-de-Fonds, Switzerland), XP Finisher R (FKG Dentaire), and passive ultrasonic irrigation after root 
canal retreatment.
Methods: A total of 75 single-rooted human teeth were decoronated, instrumented using HyFlex EDM rotary 
files (Coltène/Whaledent Inc., Altstätten, Switzerland), and filled with gutta-percha and the TotalFill HiFlow 
bioceramic sealer (FKG Dentaire) using the warm vertical compaction technique. Retreatment was per-
formed with D-Race rotary files (FKG Dentaire). Samples were randomly divided into five groups according to 
the activation protocol used. Samples were sectioned longitudinally and prepared for the scanning electron 
microscope. The percentages of cleaned canal walls in each third of the canal were determined using the 
ImageJ software. The one-way ANOVA test was used to make comparisons among all of the tested groups, 
with a pairwise comparison made with the Bonferroni correction. The significance level was set at P≤0.05.
Results: Results showed that none of the activation techniques used resulted in complete canal cleanliness. 
However, XP Finisher R and XP Finisher had better cleaning ability compared with passive ultrasonic irriga-
tion in all thirds of each root canal (P<0.001).
Conclusion: The cleaning efficiency of XP Finisher R and XP Finisher was superior to that of passive ultrasonic 
irrigation after the retreatment of the hydraulic calcium silicate sealer.
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ing materials. Passive ultrasonic irrigation (PUI) utilises acoustic 
microstreaming and cavitation effects without direct contact 
with the dentine walls (9). PUI can be used to remove dentinal 
debris, organic tissue, or calcium hydroxide from inaccessible 
root canal areas and also root canal sealers during retreatment 
procedures (10, 11). The use of ultrasonics in endodontic re-
treatment has been previously reported in the literature. One 
study proposes that irrigant activation using ultrasonics can 
help in the removal of filling materials in oval canals (12).

The new innovative alloy, MaxWire (Martensite-Austenite Elec-
tropolish Flex; FKG Dentaire, La Chaux-de-Fonds, Switzerland), 
with new properties for transitioning between martensite (M-
phase) at room temperature and austenite (A-phase) at body 
temperature, was used in the manufacturing of both the XP Fin-
isher (XPF) and XP Finisher R (XPR). When exposed to the body 
temperature, this alloy transforms into the A-phase, assuming a 
spoon shape of 1.5 mm in depth in the last 10 mm. The A-phase 
allows the instrument to reach inaccessible areas, activating the 
irrigating solution without changing the canal shape (13).

Recently, XPR (FKG Dentaire) has been launched to aid in re-
treatment cases. According to the manufacturer, it has a core 
diameter of (ISO no. 30), which is bigger than the core diame-
ter of XPF (ISO no. 25). The stiffer core is supposed to be more 
efficient in removing root filling materials, especially in oval 
canals (8). The purpose of this file is to scrape the dentine sur-
face and/or root filling material while maintaining the canal’s 
original shape (14).

The TotalFill HiFlow bioceramic (BC) sealer (FKG Dentaire) is a 
premixed ready‐to‐use injectable calcium phosphate silicate-
based cement that can be used in warm filling techniques (15, 
16). Its major inorganic components include tricalcium silicate, 
dicalcium silicate, calcium phosphates, colloidal silica, and cal-
cium hydroxide. It uses zirconium oxide as the radiopacifier and 
contains water-free thickening vehicles to enable the sealer to 
be delivered in the form of a premixed paste (17, 18). According 
to the manufacturer, this new sealer has a lower viscosity when 
heated and is more radiopaque than its predecessor. However, 
there is no information on its retreatability in the literature (19).

The aim of this study was to compare the cleaning efficiency 
of XPF, XPR, and PUI after the retreatment of root canals filled 
with TotalFill Hiflow BC sealer using a warm vertical com-
paction technique. The null hypothesis tested was that there 
is no significant difference in the cleanliness of XPF, XPR, and 
PUI after the removal of obturation material from root canals 
during root canal retreatment.

MATERIALS AND METHODS

Sample selection and root canal filling
The research proposal was approved by the local Research 
Ethics Committee (Registration no. 315/2020). Seventy-five 
freshly extracted human single-rooted lower premolars that 
had been extracted for orthodontic reasons were used. After 
extraction, soft tissues, debris, and calculus were removed us-
ing an ultrasonic scaler.

Preoperative radiographs were taken in the buccolingual and 
mesiodistal directions to confirm the presence of a single oval 
canal Type I Vertucci (20) and curvature of less than 5 degrees 
measured using the Schneider method (21). Exclusion criteria in-
cluded teeth that showed calcification or open apices, teeth with 
previous endodontic treatment or heavily restored teeth, and 
teeth with signs of resorption (internal or external resorption).

Teeth were decoronated at the level of the cementoenamel 
junction using a diamond saw mounted on a low-speed mi-
cromotor under water coolant to adjust the length of the roots 
to a standardised length of 13 mm. The tooth length was es-
tablished using a #10 K-file (MANI, Inc., Utsunomiya, Tochigi, 
Japan) until the tip of the file was visible from the apex. The 
working length (WL) was calculated by subtracting 1 mm 
from the tooth length. Root canal preparation was done us-
ing Hyflex EDM rotary nickel-titanium instruments (Coltène/
Whaledent Inc., Altstätten, Switzerland). The sequence in-
cluded orifice opener 25/.12, glide path file size 10/.05, shap-
ing file size 25/.04, and finishing file size 40/.04, all operated 
at 500 rpm with a torque of 2.5 Ncm, except for the glide path 
file, which was used at 300 rpm and a torque of 1.8 Ncm ac-
cording to the manufacturer’s instructions using the X-smart 
rotary endodontic motor (Dentsply-Sirona Endodontics, Bal-
laigues, Switzerland). In between each step the canals were 
thoroughly irrigated with 2 ml of 2.5% sodium hypochlorite 
(NaOCl; Clorox Company, HC Egypt, Cairo, Egypt) using a 
30-gauge NaviTip needle (Ultradent Products, Inc., South Jor-
dan, Utah, USA) adapted to a disposable plastic syringe; it was 
placed 1 mm short of the WL, and patency was established 
between every file using a #10 K-file. After the last instrument 
was used, each canal was irrigated with 5 ml of 2.5% NaOCl, 5 
ml distilled water followed by 5 ml of 17% EDTA (Cerkamed, 
Stalowa Wola, Poland), and a final flush with 5 ml distilled wa-
ter and dried with paper points (Cerkamed). 

Samples were sealed with warm vertical compaction tech-
nique using gutta-percha (Cerkamed) size 40/.04 and TotalFill 
HiFlow BC sealer according to the manufacturer’s instructions. 
The downpack procedure was performed with the EQ-V Pack 
(Meta Biomed Co. Ltd., Chungcheongbuk-do, Republic of 
Korea) set at 180°C with a heater plugger size of 50/.04 until 
reaching 3 mm from the WL, followed by compaction by hand 
pluggers (DiaDent, Cheongju, Republic of Korea). The backfill 
procedure was performed with the EQ-V fill handpiece of the 
EQ-V obturation unit (Meta Biomed Co. Ltd.) and 23-gauge 
needle tips containing gutta‐percha at a temperature of 200 
°C and condensed at the orifice level with hand pluggers. 
Postoperative radiographs were taken to check the quality of 
obturation. The access of canals was sealed with Cavit-G (3M 
ESPE, Seefeld, Germany). Teeth were stored in 100% humidity 
at 37°C for 4 months (22).

Retreatment technique
D-Race retreatment files (FKG Dentaire) were operated at 800 
rpm. The DR1 instrument (size 30/.10) was used to remove the 
coronal third of the root filling (4 mm). The DR2 instrument 
(size 25/.04) was used with light apical pressure until the WL 
was reached. Following the manufacturer’s instructions, the 
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DR2 file was used only for one canal. If the WL was not reached, 
C+ files (Dentsply-Sirona Endodontics) of sizes 6, 8, 10 and 15 
were used to negotiate the canals and maintain patency. Fi-
nally, the Hyflex EDM finishing file size 40/.04 (Coltène/Whale-
dent Inc.) was used at 500 rpm and a torque of 2.5 Ncm. Dur-
ing the retreatment procedure, each canal was irrigated with 
a total of 10 ml of 2.5% NaOCl. Smooth canal walls and no vis-
ible filling material on the instruments were required for the 
retreatment procedures to be completed, and this was con-
firmed by radiographic examination.

Samples were randomly divided using the Research Ran-
domizer (https://www.randomizer.org) into five equal groups 
(n=15) as follows (Fig. 1):

Syringe irrigation (n=15): 5 ml of 2.5% NaOCl was flushed 
into the canal using the conventional syringe technique with 
a 30-gauge NaviTip needle adapted to a disposable plastic 
syringe placed up to 1 mm short of the WL, with a gentle in-
and-out movement. Then, 5 ml of distilled water was flushed, 
followed by 5 ml of 17% EDTA as a final irrigant and washing 
with 5 ml of distilled water to serve as a positive control.

Negative control group (n=15): 5 ml of distilled water was 
used.

XP finisher and XP finisher R groups
For both the XPF and XPR groups, instruments were cooled 
down (Frost Spray; Macro Group Pharmaceutical S.A.E., Cairo, 
Egypt) following the manufacturer’s instructions and removed 
from the plastic tubes. Each canal was filled with 5 ml of 2.5% 
NaOCl and the file was inserted 1 mm shorter than the WL; 
adjusted using the plastic tube to fix the rubber stopper and 
operated at 800 rpm at a torque of 1 Ncm for 1 minute using 

slow and gentle lengthwise movements of 7 to 8 mm. The in-
strument was removed from the canal, and then 5 ml of dis-
tilled water was flushed, followed by 5 ml of 17% EDTA (the 
instrument activated the EDTA in the same manner) and then 
washed with 5 ml of distilled water.

Passive ultrasonic irrigation (PUI) group
The E1 Irrisonic tip, 0.20 mm in diameter (Helse Ultrasonic, 
Santa Rosa de Viterbo, Brazil), mounted on a pecker ultrasonic 
unit (Guilin Woodpecker Medical Instrument Co. Ltd., Guilin, 
China) with the power set at 10% (30 Hz) was used. A total of 5 
ml of 2.5% NaOCl was used per canal during a 1-min activation 
time (3 cycles of 20 seconds), and then 5 ml of distilled water 
was flushed, followed by 5 ml of 17% EDTA with the same mo-
tion. The tip was placed 2 mm coronal to the WL, and an up-
and-down motion without touching the walls was applied for 
20 seconds with intermittent flux; the area was then washed 
with 5 ml of distilled water.

The NaOCl solution used in all groups was warmed to 37°C be-
fore application to allow the XPF and XPR to work optimally at 
the A-phase. All root canals were prepared, filled, and retreated 
by the same experienced operator to reduce inter-operator 
variability with the aid of an operating microscope (Global Sur-
gical Corp., St. Louis, Missouri, USA) at 5× magnification.

Scanning electron microscopy
A small cotton pellet was placed inside the coronal opening 
of each sample to prevent dentinal shavings or debris from 
entering the root canal. Each root was notched longitudinally 
without penetrating the canal using a diamond disc with a 
straight handpiece. It was then grooved horizontally at two 
levels at 4 and 8 mm from the root apices using a diamond bur 
to define the coronal, middle, and apical thirds. The roots were 

Figure 1. Schematic representation of different activation protocols used in all groups
XPF: XP Finisher, XPR: XP Finisher R, PUI: Passive ultrasonic irrigation, NaOCI: Sodium hypochlorite, EDTA: Ethylenediaminete-
traacetic acid
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split gently into two halves with the aid of a chisel, and the 
optimum half of each root was used for the scanning electron 
microscope (SEM) examination of the coronal, middle, and 
apical thirds. The samples were left to dry overnight and were 
then mounted on copper stubs and coated with gold using 
a fine coat-sputtering device. They were then examined and 
photographed using a SEM at magnification 1000 × at 20,000 
kV and a low vacuum. Data from SEM images were analysed 
using the ImageJ software (ImageJ 1.41A; National Institutes 
of Health, Bethesda, Maryland, USA).

Image analysis
Measurements were done by an examiner who was blinded to 
the study groups. All images were cropped at fixed dimensions 
(left, 14; right, 0; top, 3; bottom, 61 pixels) using standardised 
image editor software. The image was cropped to remove the 
black edges that would interfere with the measurement of the 
actual dental tissue. The total surface area of all images mea-
sured by the ImageJ software after cropping was of a fixed value 
of 263,760 pixels. All images were transferred to 8-bit type. The 
adjust/threshold function was used to identify the area that 
was to be measured to calculate the area of debris (residual fill-
ing material, debris, and smear layer). The create selection func-
tion from the edit/selection menus was then used to delineate 
the area identified in the previous step. The analyse/measure 
function was used to measure the area of interest (Fig. 2). The 
percentage of the cleaned area in relation to the total surface 
area of the image was calculated by the following equation: 

The surface area of cleaned area × 100/Total surface area of 
the image.

Statistical analysis
The independent t-test was used to compare the control 
group with each intervention group. The repeated measures 
ANOVA test was used to compare sections. The one-way 

ANOVA test was used to make comparisons among all of the 
tested groups, and a pairwise comparison was made with the 
Bonferroni correction. The significance level was set at p≤.05. 
Statistical analysis was performed with IBM SPSS Statistics Ver-
sion 25 for Windows (IBM Corp., Armonk, New York, USA).

RESULTS
Among the roots of the five groups, completely cleaned roots 
were never found. Results presented as mean values and stan-
dard deviations indicated that XPR had a higher nonsignifi-
cant mean cleaning percentage compared with XPF in all root 
sections (Fig. 3). Both instruments resulted in better cleaning 
in the middle root third compared to other sections with XPR 

a b

Figure 2. (a) Adjusting the threshold to measure the area of the dentine debris and smear layer. (b) The analyse\measure function was used to 
measure the area free of smear layer

Figure 3. SEM micrographs of the middle third of the dentine surface of 
the XPR group (x 1000)
SEM: Scanning electron microscope, XPR: XP Finisher R
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achieving (86.49±1.95%) and XPF achieving (85.97±2.1%) 
cleaned surface areas.

On the other hand, PUI had a significantly lower mean per-
centage of cleaned area compared with both XPR and XPF 
in all root sections. Regarding the XPR group, the coronal 
third (84.16±2.11%) and middle third (86.49±1.95%) showed 
a higher significant cleaning percentage compared with the 
apical third (76.77±3.65%) at P<0.001. PUI group in the apical 
third showed the lowest mean percentage of cleaned area 
compared to XPR and XPF (65.85±1.07%) (Fig. 4).

DISCUSSION
Currently, there is rising interest in the use of bioactive mate-
rials in endodontics for an extensive variety of applications, 
ranging from pulp capping to apexification and including 
root canal sealing. Recent investigations revealed that the To-
talFill HiFlow BC sealer had a higher frequency of failure in the 
reestablishment of patency after retreatment with significantly 
more residuals, suggesting serious difficulty in removing during 
retreatment (15, 23, 24). The retreatability of the TotalFill HiFlow 
BC sealer used in the warm canal filling technique has not been 
thoroughly investigated. This study compared surface cleanli-
ness using XPF, XPR, and PUI after removal of obturation mate-
rial from root canals during nonsurgical root canal retreatment.

New instruments and supplementary protocols for the re-
moval of the remaining filling material have been proposed, 
and the results are currently promising (8, 25). Their use is con-
sidered mandatory in the retreatment of oval canals, where 
the filling material fills the polar areas and its removal is there-
fore hindered (26-28). Studies showed that when root canals 
with complex anatomic features were filled with the warm ver-
tical technique and submitted to retreatment, proper cleaning 
was difficult to accomplish (12).

Warm gutta-percha filling techniques demand the use of root 
canal sealers that can tolerate the heating process. The To-
talFill HiFlow BC sealer has been recently developed as a mod-

ification of the hydraulic calcium silicate TotalFill BC sealer, the 
modified version is claimed by the manufacturer to be able to 
resist heat and is recommended for use with the warm vertical 
compaction obturation technique (19, 29).

For this study to have clinical relevance, the teeth filled were 
stored for 4 months before the retreatment process. Previous 
studies on the removal of root fillings used a 1- to 2-week stor-
age period to allow for the complete setting of the sealer (15). 
In clinical scenarios, a patient may seek retreatment several 
months or years after the original root canal treatment, neces-
sitating a prolonged storage period. Retreatment was done 
up to size 40/.04, and no attempt was made to increase the 
apical enlargement beyond the initial preparation size. Thus, 
the results obtained could merely be due to the effect of the 
supplemental protocols used. 

The results of this study showed large areas of debris and a 
smear layer in the syringe irrigation group and confirmed that 
the combination of NaOCl and EDTA is ineffective in render-
ing root canals completely free from root fillings and a smear 
layer (22, 30, 31). The mean percentages of cleaned walls were 
higher in the experimental groups than in the syringe irriga-
tion group, and this indicates that the supplemental methods 
used to activate NaOCl and EDTA are more effective in de-
bris and smear layer removal. Results also showed that in all 
studied groups, the apical third showed the least percentage 
of cleaned walls (Fig. 5). This finding is in line with almost all 
previously published studies on this subject (11, 12, 31, 32). It 
is possible that dampening of agitation forces occurred due 
to contact of the ultrasonic tip against the root canal walls or 
that the smaller canal size of the apical third compared with 
the other regions limited the semiactive tip of the XPF and XPR 
from removing debris and the smear layer in the apical part.

The results showed that the XPR and XPF files had higher sig-
nificant cleaning efficiency results in all root segments than 

Figure 5. SEM micrographs of the apical third of the dentine surface of 
the negative control group (x1000)
SEM: Scanning electron microscope
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the PUI; thus, the null hypothesis was rejected. This finding 
can be attributed to XPR and XPF metallurgy. The develop-
ment and manufacture of these files are dependent on the 
shape-memory principles of the NiTi alloy. The file is straight 
in its M-phase, which is formed when it is cooled. When the file 
is subjected to body temperature (i.e., the canal), it will trans-
form its shape into the A-phase. Its shape in this phase allows 
the file to contact and clean areas that are otherwise inacces-
sible with regular instruments (30). Using microcomputed to-
mographic (micro-CT) imaging, De-Deus et al. (32) found that 
XPR was associated with greater root filling removal (32.79%) 
when compared to PUI (12.81%) (P<0.05). They suggested that 
the mechanical action of XPR may allow the instrument's tip 
to touch and dislodge root filling material from the canal walls 
even in some hard-to-reach areas, which was more effective in 
displacing existing root filling material than activation of irri-
gating solutions using PUI.

The XPR group showed a higher percentage of cleaned walls 
than the XPF group, with no significant differences between 
them. This result was in agreement with the findings of Silva 
et al. (8), who found that both files were equally effective for 
the removal of remaining filling material from straight oval-
shaped canals using micro-CT imaging. It is also in agreement 
with the study of Alzuabi and Abiad (33), who concluded that 
the XPF and the XPR removed debris from the root canal walls 
after retreatment with no significant difference. The XPR in-
strument differs in its core diameter and the angulation of its 
tip compared with the XPF file, and this makes it potentially 
more aggressive for removing filling material. However, both 
the XPR and XPF files can follow the canal morphology owing 
to their ability to work in a mixed-phase (M-phase/A-phase), 
which allows them to scout for filling remnants.

PUI had a significantly higher percentage of cleaned walls than 
syringe irrigation. A previous study showed that ultrasonic ac-
tivation of the irrigation with Irrisafe tips was effective in elim-
inating debris and opening up dentinal tubules (34). During 
PUI, energy is conveyed through ultrasonic waves from the file 
to the irrigant, producing two physical phenomena: acoustic 
streaming and cavitation. Acoustic streaming is a rapid move-
ment of fluid in a circular manner like a vortex around the file, 
and cavitation is the distortion of the existing bubbles in the 
irrigant. Additionally, the tip vibration could result in gutta-
percha plasticisation and sealer debonding, and this would ex-
plain the higher cleaning ability than in syringe irrigation (35).

In the present study, the cleaning efficiency was examined 
based on the numerical evaluation methodology of SEM im-
ages of the coronal, middle, and apical thirds of the canals. This 
was like the descriptions in previously published studies ex-
amining the cleaning efficacy of different irrigation protocols 
and devices (11, 30). SEM examination has various limitations, 
such as the ability to assess only limited areas of the canal 
wall. To overcome this limitation, the canal walls were thor-
oughly inspected by SEM, and the area with the most debris 
and a smear layer was photographed so that each third of the 
canal could be examined (36). It is worth mentioning that the 
amount of debris and smear layer left in the root canal walls 

may have been affected by the mounting, sectioning, and gold 
sputtering during the SEM process (37). Another limitation is 
that the canal anatomy in clinical cases would be much more 
complex than single-rooted teeth used in this study. Never-
theless, our study may lay a foundation for further studies us-
ing teeth with more complex anatomy. Future studies should 
evaluate if the additional use of solvents in the retreatment of 
bioceramic sealers would improve the cleaning performance 
of XPR, XPF, and PUI files. 

CONCLUSION
Supplementary techniques are effective tools for increasing 
the cleanliness of root canals after a retreatment procedure. 
The cleaning efficiency of XPF and XPR was superior to that of 
PUI after the retreatment of hydraulic calcium silicate sealers.
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