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A B S T R A C T

Introduction: It is very important to remove all intra-canal dressing placed between endodontic visits. 
The  most common canal dressing is calcium hydroxide. Apart from its well-known benefits, calcium hydro-
xide is considered difficult to be completely removed from root canal system. In the literature, in an assessment  
of the effect of material removal from root canals, superiority of some instruments over the other are reported. 
Objectives: The aim of the study was to analyze the impact of Brush-Finisher on removing an intra-canal dress-
ing in different root canal widths. 
Material and methods: The  study was performed using extracted single-rooted teeth, which were pre-
pared to standardize all samples and divided into 2 groups, including large canals (LC, n = 8) and narrow canals  
(NC, n = 8) groups. As a control group of narrow and wide canals, a syringe with an endodontic needle was used 
(LC, n = 8 and NC, n = 8). Calcium hydroxide paste was placed into the canals. After 2 weeks, cleaning procedure 
was performed using 2% NaOCl and a Brush-Finisher. After agitation of the rinsing solution, radiographs were 
taken in bucco-lingual and mesio-distal projections. Then, all radiographs were uploaded to graphic software, and 
the roots were divided into 3 parts: apical, middle, and coronal, and a crisscross pattern was carried out. Every 
square field located along the course of canal was calculated and evaluated in terms of the absence or presence 
of canal dressing. P-value of < 0.05 was assumed statistically significant. For comparison of individual propor-
tions, N-1 χ2 test was used, while Marascuilo procedure was applied to evaluate significance between particular 
comparison of pairs. 
Results: Significant difference between efficacy of Ca(OH)2 removal was observed comparing middle and coro-
nal level in LC group (0.077) as well as between apical and middle level (0.106) and coronal and middle level 
(0.082) in NC group. 
Conclusions: Activation of  irrigation with the Brush-Finisher was more beneficial in removing Ca(OH)2 in 
narrow rather than large canals. Cleaning was less efficient in middle levels of both groups. 
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INTRODUCTION

The development of modern endodontics has brought 
to the dental market new equipment for root canal 
preparation. It concerns both, mechanical and chemi-

cal stage of canal preparation. A variety of instruments 
for rinsing activation are available, including ultrasonic 
and sonic devices, flexible micro-brushes, innovative 
files, and lasers [1, 2]. Recently, MedicNRG (Kibbutz 
Afikim, Israel) has introduced a product called “Gentle-
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file”, which is an  endodontic rotary system (Figure 1). 
It consists of a wireless micro-motor, a disposable head, 
and a set of steel files. An inconspicuous and very light 
micro-motor achieves the rotation speed up to 6500 rpm 
and torque of 90 g/cm. All instruments from the set are 
allowed to be used during rinsing activation [3]. More-
over, there is an additional instrument in the kit, Gentle-
file brush, called “Brush-Finisher” (Figure 2), consisting 
of seven steel filaments rolled around its axis. According 
to the manufacturer’s instructions, it mainly serves to ac-
tivate rinsing agents. Brush-Finisher is suitable for clean-
ing canal walls during endodontic re-treatment or root 
canal preparation to perform a prosthetic core and post-
core restorations. There is still little data in the specialized 
literature on the use of the Gentlefile system in the root 
canal treatment. However, Hristov and Gateva [4] in their 
work demonstrated superiority of Gentlefile in disinfec-
tion of root canals in immature permanent teeth. 

OBJECTIVES 

In this study, the Brush-Finisher was used to agitate 
rinsing solution for calcium hydroxide removal, and 
the aim was to compare its performance on different ca-
nal widths. 

MATERIAL AND METHODS 

The ethical approval for this experimental study was 
given by the Bioethical Committee of the Medical Univer-
sity of Lodz (RNN/3988/19/KE of December 12th, 2019). 
One hundred and fifty single-rooted extracted teeth ob-
tained from private orthodontic dental clinics were ra-
diographed to select those with single canals, curved up 
to 10 degrees (according to Schneider’s method), without 
any canal fillings (gutta-percha, sealers, or canal dress-
ing), calcifications, or root resorption. The samples were 
stored in a  10% buffered formalin solution until use. 
Crowns were removed by using a diamond disk to pro-
vide roots measuring of 17 mm (± 1 mm) in length. Ac-
cording to the radiographs taken in two projections and 
apical foramen measurements performed with hand files, 
two groups of narrow and wide root canals were created 
(narrow canals, NC, n = 8, and large canals, LC, n = 8).  
If the first used hand file (IAF, initial apical file) larger 
than number 30 (i.e., 0.35 mm and more) wedged at 
the apical foramen, the canal was classified into the large 
root canal group (LC group). The  middle and coronal 
part of the file had to be loose at the same time. ProTaper 
Next file number X3 (0.30 mm in size and 7.5% taper; 
Dentsply, Ballaigues, Switzerland) was introduced loose-
ly (without shaping) up to the apical foramen to remove 
residual parts of the pulp and confirm accurate classifica-
tion related to the canal width. 

The narrow canal group included canals with size less 
than 0.15 mm (based on IAF size). Narrow canals were 

mechanically prepared up to the  anatomical foramen in 
a sequence with C-pilot (10.02, VDW, Frankfurt, Germa-
ny), path files of  13.02 and 16.02 (Dentsply, Ballaigues, 
Switzerland), and ProTaper Next files number X1 and 
X2 (0.25 mm in size and 6% taper). At the  level of ana-
tomical foramen, the final dimension of large and nar-
row canals differed from each other at least 0.1 mm or 
more. After abundant irrigation using 2% NaOCl (5 ml, 
chloraxid 2%, Cerkamed Medical Co., Stalowa Wola, 
Poland) and 17% EDTA (5 ml, endo-solution, Cer-
kamed Medical Co., Stalowa Wola, Poland), all canals 
were dried and filled up with calcium hydroxide paste 
with iodoform (calcipast J, Cerkamed Medical Co., 
Stalowa Wola, Poland) using an  applicator (placed at  
1 mm short of the apical foramen and withdrawn during 
material filling) and the cavities were temporarily closed. 
Subsequently, each sample was placed in a silicone mod-
el to obtain two radiographs in the  bucco-lingual and 
mesio-distal projection (GENDEX expertDC, 65 kV,  

FIGURE 1. Gentlefile system: hand-piece and set of files 

FIGURE 2. Gentlefile-brush (Brush-Finisher) 
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7 mA, 0.250 s, KaVo, Brea, USA). If there was any void 
noticed in the canal filling, the procedure was repeated 
until sealing was acceptable (Figure 3). All samples were 
stored in an  incubator at 37°C and 100% humidity for  
14 days. After the  procedure, the  intra-canal dressing 
was removed. 

Firstly, canal dressings were removed from the  LC 
group and then from the NC group. The procedure was 
conducted by one operator according to the manufac-
turer’s recommendations. In both groups, one irrigat-
ing solution of the same volume, i.e., 5 ml of 2% NaOCl, 
was used. The  needle of  the  syringe was inserted into 
the canal orifice, and the rinsing solution was agitated 
by the Brush-Finisher. It was performed by rotating and 
pecking motions up to the working length for approxi-
mately 2 minutes (± 15 seconds), until the whole volume 

of rinse (5 ml) was finished. Every 15-20 seconds of ac-
tivation, a short break was taken and the Brush-Finish-
er was cleaned from the dressing with abundant water 
irrigation and gauze. As a control group of narrow and 
wide canals, a 5 ml Luer-lock syringe with an endodon-
tic needle (with lateral foramen and size of  0.3 mm  
× 25 mm, Endo-Top, Cerkamed Medical Co., Stalowa 
Wola, Poland) was used (LC, n = 8 and NC, n = 8). Each 
tooth sample was coated entirely with a silicone mate-
rial (panzer putty) and inserted into a  special handle 
to protect it from apical extrusion of  the  dressing and 
operator’s impact on the irrigation procedure. After re-
moval of the dressing (Figure 4), the same two-projec-
tion radiographs were repeated using a platform, which 
ensured the  same radiological position. Subsequent-
ly, the  images were uploaded into a  graphic software 
(GIMP 2.8.22), and the  root canals were divided into 
three parts, such as apical, middle, and coronal. To make 
the image more legible for the operator’s analysis, graph-
ic tools were applied to mark the canal space, circum-
scribe, and excise, removing the view of the root struc-
tures. Then, a crisscross pattern (0.25 mm × 0.25 mm)  
was carried out on this excised canal image. Each square 
located along the course of  the canal was counted and 
evaluated by the same operator twice, with 2 weeks inter-
val, for the presence (in the amount of 100%, 75%, 50%, 
and 25% of  space) or absence of  intra-canal dressing 
(0% – the whole square free from dressing) (Figure 5).  
Statistical analysis was performed using XLSTAT pro-
gram, and the level of statistical significance was p < 0.05. 
To compare individual proportions, the N-1 χ2 test was 
used according to the procedure described by Campbell 
(2007) and Richardson (2011). To determine confidence 
intervals, a  method proposed by Altman (2000) was 
used. The χ2 test and Monte Carlo analysis were used 
to compare the proportions between the  three groups, 

FIGURE 3. Example of wide and narrow canals filled with calcium hydroxide with iodoform (bucco-lingual and mesio- 
distal projection) 

FIGURE 4. Wide and narrow canals after intra-canal 
dressing removal (bucco-lingual projection) 
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phase concerned the determination of the differences be-
tween cleaned surfaces within both types of canals using 
the χ2 test and Monte Carlo analysis. The Monte Carlo 

FIGURE 5. Example of canal after dressing removal from 
LC group, excised, and divided into three parts, including 
apical, middle, and coronal (white spots helped calcula-
ting squares of a crisscross pattern) 

while the Marascuilo procedure was used to determine 
the significance between each pair of comparisons. 

RESULTS 

The first stage of statistical analysis was to compare 
whether there was any difference between the percent-
age of  cleaned surface in wide and narrow canals de-
pending on the root canal fragment. In the apical frag-
ment, the  percentage of  cleaned surface was 12.61% 
in narrow and 52.12% in wide canals (p  <  0.0001). In 
the middle fragment of the root, it was 36.36% in narrow 
and 83.14% in wide canals (p < 0.0001), whereas in cor-
onal fragment of the root, it was 10.33% in narrow and 
58.41% in wide canals (p < 0.0001) (Table 1). The second 

TABLE 1. First stage of statistical analysis was to compare 
whether there was any difference between the percen-
tage of cleaned surface in wide and narrow canals de-
pending on the root canal fragment. In apical fragment, 
the percentage of cleaned surface was 12.61% in narrow 
and 52.12% in wide canals (p < 0.0001). In middle frag-
ment of the root, it was 36.36% in narrow and 83.14% in 
wide canals (p < 0.0001), whereas in coronal fragment 
of the root, it was 10.33% in narrow and 58.41% in wide 
canals (p < 0.0001) 

Narrow 
canal 

Wide canal Difference 
between 

canals 

p-value 

Apex 12.6126% 52.1246% 39.51% < 0.0001 

Middle 36.3636% 83.1372% 46.77% < 0.0001 

Coronal 10.3260% 58.4103% 48.08% < 0.0001 
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TABLE 2. Comparison of particular parts of canals from 
NC group. Marascuillo procedure allows comparison 
of all possible pairs of proportions. By applying the test, 
a difference is statistically significant, as its value exceeds 
the critical range value 

NC group Value Critical value Significant 

|p (APEX) – p (MEDIAL)| 0.141 0.106 Yes 

|p (APEX) – p (CORONAL)| 0.023 0.086 No 

|p (MEDIAL) – p (CORONAL)| 0.163 0.082 Yes 

TABLE 3. Comparison of particular parts of canals from 
LC group. Marascuillo procedure allows comparison 
of all possible pairs of proportions. By applying the test, 
a difference is statistically significant, as its value exceeds 
the critical range value 

LC group Value Critical value Significant 

|p (APEX) – p (MEDIAL)| 0.067 0.086 No 

|p (APEX) – p (CORONAL)| 0.063 0.083 No 

|p (MEDIAL) – p (CORONAL)| 0.130 0.077 Yes 
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assessment confirmed that there was at least one group 
that was significantly different from the other. The final 
step was the comparison of groups with each other using 
the Marascuilo procedure, which determined the signif-
icance between individual pairs (Tables 2 and 3). 

DISCUSSION 

To achieve better disinfection of the root canal system, 
an active irrigation should be employed. This is justified 
by many published studies, proving that during the me-
chanical preparation of  root canals, the  contact surface 
of rotary files with the canal wall is about 40-45% [4, 5], 
and assuming that the  rest of  canal surface can remain 
infected until chemical preparation is introduced. In 
addition, it is very important to eliminate a smear layer 
and also to remove an  intra-canal dressing placed be-
tween endodontic visits. The most common canal dress-
ing is calcium hydroxide [6]. Apart from its well-known 
benefits, calcium hydroxide is considered difficult to be 
completely removed from the  root canal system. What 
is of particularly importance for the incomplete calcium 
hydroxide removal is that its remnants left in the canal re-
sorb over the time and could be a source of bacterial mi-
croleakage [7]. The problem increases in cases with very 
wide canals. Anatomical conditions of wide root canals 
force clinicians to change chemo-mechanical procedure. 
Due to weakened root structure, the mechanical prepara-
tion is limited and the canal disinfection is based mainly 
on the chemical preparation of the canal. In a study com-
paring the effect of removing dressing from narrow canals 
with the use of Brush-Finisher file, a group of wide canals 
was created. Preliminary results confirm the difficulty in 
obtaining similar cleanliness of wide canal walls through-
out their entire course of the procedure. The group of nar-
row canals was cleaned more effectively, also in the api-
cal section, which surface is reported to be the  most 
difficult to reach [8]. In practice, the preparation of oval 
canals poses a similar problem. Studies assessing the ef-
fect of disinfection or material removal from such canals 
indicate superiority of some instruments over the other. 
Self-adjusting file system (ReDent Nova, Ra’anana, Israel), 
files made of modified NiTi alloy, or a method of flush-
ing with negative apical pressure, have all been described  
[9-12]. It could be that the proper design or specific work 
of  the described instruments contributed to obtain bet-
ter results. For example, the  combination of  rotary in-
strumentation and ultrasonic activation for 3 periods of 
20 seconds each, resulted in significantly lower amounts 
of Ca(OH)2 remnants in the canal compared with sonic 
irrigation [13]. However, this correlates with root canal 
system of mesial roots of mandibular molars. To confirm 
their effectiveness in wide canals, a further study concern-
ing the described project is required. 

Before execution of the presented pilotage, the usage 
of an apical groove model was taken into conside ration.  

It is a  standardized method used commonly in the  re-
search [10]. The created groove is prepared in the root den-
tine and assumed to imitate an isthmus or canal restric-
tion, which is the most difficult site to eliminate a biofilm 
or endodontic material from. On the other hand, it could 
not be adapted for anatomies of  wide canals. To bring 
the  conditions of  in vitro examination closer to clini cal 
situation, we have also resigned from the use of simulated 
canals or artificial grooves in acrylic blocks. In this study, 
a decision was made to use digital radiographs obtained 
in two projections as a visualization method. It enabled to 
compare the amount of remained dressing in particular 
groups. This method was used by other researchers, e.g., 
to analyze the effects of root canal retreatment [14]. Cone-
beam computed tomography (CBCT) is another instru-
ment used in such kind of research [15]. It is used for vol-
umetric evaluation, however, based on particular scans. 
CBCT provides a volumetric assessment of  samples, al-
though it requires the use of specialized software that is 
common in micro-CT methods. Moreover, CBCT pro-
vides lower spatial resolution than periapical radiographs, 
giving various artifacts that disturb image analysis [16]. 
Nowadays, micro-CT technology is the  best laboratory 
method, still quite unavailable and very expensive [17]. 
For the study assumption, the radiological method can be 
used for the comparison of tested groups. 

In the  literature, there is still insufficient amount 
of studies evaluating the effect of Brush-Finisher [18]. Its 
use in the group of narrow canals provided good results 
in removing the dressing. These results are comparable 
with the  outcomes of  other studies [19, 20]. However, 
the method of evaluating the amount of residual dress-
ing in the canals was different, therefore, the exact com-
pilation of results requires further research. 

CONCLUSIONS 

The present study requires continuance and additio-
nal groups of instruments to investigate that would allow 
to draw appropriate conclusions. However, owing to this 
preliminary study, we obtained results indicating defined 
trends, which concern better effectiveness of dressing re-
moval using activated irrigation with a  Brush-Finisher 
from narrow canals than large ones. The cleanliness was 
achievable even within the  apical part of  these canals. 
Also, complex anatomy, which involves spacious root 
canal system impedes dressing removal by activated irri-
gation, and the usage of a Brush-Finisher in wide canals 
still might be insufficient or require further confirmation 
of compatibility. 
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