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Abstract

Neelakantan P, Khan K, Li KY, Shetty H, Xi W.

Effectiveness of supplementary irrigant agitation with the

Finisher GF Brush on the debridement of oval root canals

instrumented with the Gentlefile or nickel titanium rotary

instruments. International Endodontic Journal.

Aim To examine the efficacy of a novel supplemen-

tary irrigant agitating brush (Finisher GF Brush,

MedicNRG, Kibbutz Afikim, Israel) on the debridement

of root canals prepared with a novel stainless steel

rotary instrumentation system (Gentlefile; MedicNRG),

or nickel titanium rotary instruments in oval root

canals.

Methodology Mandibular premolars (n = 72) were

selected and divided randomly into three experimental

groups (n = 24) after microCT scanning: group 1,

canal preparation to rotary NiTi size 20, .04 taper

(R20); group 2, rotary NiTi to size 25, .04 taper

(R25) and group 3, Gentlefile size 23, .04 taper (GF).

Specimens were subdivided into two subgroups: sub-

group A, syringe-and-needle irrigation (SNI); sub-

group B, Finisher GF Brush (GB). Ten untreated

canals served as controls. Specimens were processed

for histological evaluation, and the remaining pulp

tissue (RPT) was measured. Data were analysed using

Mann–Whitney and Kruskal–Wallis tests (P = 0.05).

Results All experimental groups had significantly

less RPT than the control (P < 0.05). Group 3B (GF-

GB) had significantly less RPT than groups 1B (R20-

GB) and 2B (R25-GF; P < 0.05). When irrigated with

SNI, there was no significant difference in the RPT

between the three groups (P > 0.05). When instru-

mented with R20, there was no significant difference

between SNI and GF (P < 0.05) whilst GB had signifi-

cantly less RPT than SNI for R25 (P < 0.05).

Conclusions Supplementary irrigant agitation with

the Finisher GF Brush improved the debridement of

canals prepared with Gentlefile and size 25, .04 taper

rotary NiTi. Root canal debridement did not signifi-

cantly differ between the instruments when syringe

irrigation was used.

Keywords: debridement, nickel titanium, pulp tis-

sue, rotary, stainless steel.
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Introduction

The process of chemomechanical preparation of the

root canal system involves removal of infected soft

and hard tissue, microbial biofilms and creating a

shape that allows effective filling (Siqueira et al.

2017). To accomplish this goal, instruments made of

stainless steel (SS) or nickel-titanium (NiTi) are used
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in conjunction with irrigating solutions (Peters et al.

2016). The introduction of greater tapered instru-

ments used in rotary or reciprocating motion has

helped shape root canals more rapidly, but not neces-

sarily made them cleaner (Busquim et al. 2015, Neves

et al. 2016, Siqueira et al. 2017). In part, this is

attributed to the inability of these instruments to con-

tact the entire canal surface (Peters et al. 2001,

Paque et al. 2009, Siqueira et al. 2017). This results

in uninstrumented areas, leaving behind persistent

microbes, that may result in post-treatment apical

periodontitis (Siqueira et al. 2017).

The advantage of NiTi instruments is their super-

elasticity whilst their disadvantage is unexpected frac-

ture because of fatigue (cyclic or torsional; Parashos

& Messer 2006, Nguyen et al. 2014, Pedulla et al.

2017). On the other hand, SS instruments are not

considered as flexible as NiTi but undergo deformation

prior to fracture (Pruett et al. 1997, Neelakantan

et al. 2016a,b). A substantial number of reports exist

on the association of rotary and reciprocating NiTi

instruments with cracks in roots (De-Deus et al.

2014, 2017, Capar et al. 2015); although there is no

clear evidence, this possibility has not been conclu-

sively over-ruled.

Gentlefile (MedicNRG, Kibbutz Afikim, Israel) is a

novel rotary instrumentation system fabricated using

SS (Moreinos et al. 2016). The files of this system

consist of a central braided cable of diameter

<0.15 mm in the apical third, on which a second

wire with diameter <0.20 mm is coiled. Towards the

middle and coronal portions of the instrument, a third

wire <0.35 mm in diameter is coiled over the second

wire. All files have a constant taper of 4% and an

inactive passive tip. The tip diameters are 0.21, 0.23,

0.26, 0.29 and 0.34 mm, which do not conform to

the ISO diameters of endodontic instruments (Mor-

einos et al. 2016). The main difference between these

instruments and rotary NiTi instruments is that they

do not cut into dentine; rather, they abrade/scrape

the dentinal walls. An automated, non-customizable

handpiece is used to operate the instruments at

6500 rpm.

Irrigation of the root canal system using a needle

and syringe does not generate sufficient hydrody-

namic shear stresses to dislodge the biofilms or tissue

that adhere to the root canal walls (Goode et al.

2013, Chen et al. 2014, Neelakantan et al. 2016a,b).

To counteract this disadvantage, irrigant agitation

strategies have been suggested (Plotino et al. 2016).

The Gentlefile system also offers a brush (Finisher GF

Brush) which consists of six strands of SS that open

outwards automatically when operated in a hand-

piece at 6500 rpm (http://www.gentlefile.com/wp-

content/uploads/2016/07/the-finisher-GF-brush-kit-6.

7.pdf).

Contemporary preparation strategies using rotary

or reciprocating instruments may not sufficiently

plane the root canal walls, leaving behind remnant

tissue and microbial biomass (De-Deus et al. 2011)

which can result in re-infection or persistent infection

(Siqueira 2001, De-Deus et al. 2011, Zhang et al.

2015, Neelakantan et al. 2016a,b). This is specifically

true in the case of oval canals, which are challenging

to clean and shape due to the circular shape of prepa-

ration achieved by instruments (De-Deus et al. 2011,

Busquim et al. 2015). To optimize preparation of

complex canal anatomies, modified instrumentation

systems such as self-adjusting file (SAF; ReDent-Nova,

Ra’anana, Israel) and Gentlefile have been introduced.

There is evidence that root canal preparation with

the SAF system results in a 57% reduction in pulp tis-

sue, compared with a rotary instrumentation system

(ProTaper; Dentsply Sirona Endodontics, York, PA,

USA) in oval canals. In this afore-mentioned study,

the SAF left behind only 9.3 � 3.7% pulp tissue in

oval canals (De-Deus et al. 2011). Surprisingly, only

one study has been published on the Gentlefile system

(Moreinos et al. 2016), and the efficacy of Gentlefile

in root canal debridement, compared with rotary NiTi

instruments, has not been evaluated thus far; there

were no reports on root canal debridement when

using the Finisher GF Brush.

A recent report demonstrated that even after root

canal preparation to a size 25 or 40, 20% of the root

canal surface area of instrumented mesiolingual

canals of mandibular molars had remnant pulp tissue

and approximately 35% of the canal wall of premo-

lars remained untouched, respectively (Siqueira et al.

2017). It is also known that 30–60% of root canals

harbour microbes after root canal preparation. Rem-

nant tissues could harbour bacteria or serve as a

source of nutrition for bacteria that are not removed

from the root canals resulting in persistent or sec-

ondary infection (De-Deus et al. 2011, Neelakantan

et al. 2016a,b, Siqueira et al. 2017).

Therefore, this study was performed to examine the

effectiveness of supplementary irrigant agitation with

the Finisher GF Brush, in debriding oval root canals

in extracted teeth, after preparation with Gentlefile or

rotary NiTi instruments. The null hypotheses were

that supplementary irrigant agitation did not
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significantly reduce the amount of pulp tissue com-

pared with syringe irrigation and that there was no

significant difference between the experimental groups

in the percentage of remaining pulp tissue (RPT).

Materials and methods

Selection of teeth

From a collection of recently extracted non-carious

human mandibular first premolars, 82 specimens

were chosen based on a pilot study, to detect differ-

ences with a statistical power of 80%. The protocol

was approved by the Institutional Review Board

and Ethics Committee (EC-79/CONS-08ND/2017).

Only teeth with normal pulps, as determined by

sensibility testing using the cold test (Green Endo

Ice; Hygenic Corp., Akron, OH, USA) and an elec-

tric pulp tester (Kerr Analytic Technology Corp.,

Redmond, WA, USA), prior to the extraction, were

included. These teeth were extracted as part of an

orthodontic treatment plan and were unrelated to

the present experiment. Informed consent was

obtained from the patients. The patients were

within the same age group (20–25 years), and

hence, the size of the teeth and pulp chamber, as

well as the amount of tissue within the root canal

system, was likely to be similar. The soft tissues

attached to the external surface of the teeth were

removed using a curette, following which the speci-

mens were kept in individual vials containing 5 mL

of 10% formalin until use. The validity of the

experimental design has been demonstrated previ-

ously (De-Deus et al. 2011, Neelakantan et al.

2016a,b).

The 82 specimens were chosen following the

micro-computed tomographic scanning (SkyScan

1172; Bruker microCT, Kontich, Belgium) to confirm

the presence of a single oval canal (mesiodistal diame-

ter 2.5 times larger than the buccolingual diameter,

about 5 mm coronal to the apex; De-Deus et al.

2011). Ten of the 82 specimens served as histological

controls. A conventional occlusal access cavity was

performed with bur no. 856 (Komet Dental GmBH,

Lemgo, Germany) in a high-speed handpiece with

water cooling. A size 10 stainless steel K-file (Mani

Inc., Togichi, Japan) was inserted into the root canals

until the tip was just visible at the apical foramen.

Working length was defined as 1 mm short of this

length.

Root canal preparation

Specimens (n = 72) were randomly allotted to one of

the three groups (n = 24) with the aid of a computer

algorithm (http://www.random.org):

Group 1: Rotary instrumentation (EdgeFile X7;

EdgeEndo, Albuquerque, New Mexico, USA) to size

20, .04 taper (R20);

Group 2: Rotary instrumentation (EdgeEndoX7) to

size 25, .04 taper (R25); and

Group 3: Rotary Instrumentation to Gentlefile size

23 (GF; Fig. 1a).

Instrumentation of the canals was performed in a

closed apical system. The number of instruments used

in sequence for the groups was different. Whilst only

one instrument was used in group 1 (size 20, .04

taper), group 2 used two instruments in sequence

(size 20, .04 taper and size 25, .04 taper). In group

3, the orifice opener (grey instrument; size 0.22) was

used first followed by the red instrument (size 0.23).

A new instrument was used for every specimen and

the instrumentation technique followed the manufac-

turers’ instructions (http://www.gentlefile.com/wp-

content/uploads/2015/05/Protocol-of-use.pdf).

As the number of instruments was different across

the groups, standardization was achieved in terms of

time of instrumentation as well as irrigation. The vol-

ume and time of irrigation of 3% sodium hypochlorite

(NaOCl) during instrumentation was standardized to

6 mL over a 3-min period in all the specimens. In

groups 2 and 3, 2 mL of NaOCl was used during

instrumentation and 2 mL of NaOCl was used

between the two instruments. In group 1, 4 mL of

NaOCl was used during instrumentation and 2 mL

was used after instrumentation was completed. Dur-

ing irrigation, the needle (31G side-vented needle,

NaviTip; Ultradent Products Inc., South Jordan, UT,

USA) was placed passively into the canal, 1 mm from

the apical foramen, without binding. A size 10 K-file

(Mani Inc.) was used to maintain apical patency.

Following the completion of instrumentation, speci-

mens in each group were randomly allocated to one

of the subgroups (n = 12):

Subgroup A, syringe-and-needle irrigation (SNI)

using a 31G side-vented needle (Ultradent Prod-

ucts Inc.) placed passively into the canal, 1 mm

short of the working length;

Subgroup B, Finisher GF Brush (GB; Fig. 1b) agita-

tion placed 1 mm short of the working length,

used in an up-and-down motion according to the

manufacturer’s instructions.

Neelakantan et al. Debridement of oval root canals
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The volume of irrigant (3% NaOCl) and duration of

agitation were standardized to 2 mL and 2 min,

respectively. Canals were then irrigated with 3 mL of

17% EDTA followed by 3 mL distilled water to

remove the EDTA. The root canals were then dried

with absorbent paper points (Dentsply Sirona

Endodontics). All experimental procedures were per-

formed by one experienced endodontist.

Histologic evaluation

After the endodontic procedure, the specimens were

processed for histological examination by fixing in

10% buffered formalin for 48 h, washed in water and

demineralized in a solution of 10 wt% hydrochloric

acid and 5 wt% EDTA for 1–2 weeks. The specimens

were then rinsed with water, dehydrated and with

the end of demineralization being confirmed radio-

graphically. The teeth were then rinsed in tap water

for 24 h, sectioned to achieve 6 lm-thick serial sec-

tions from the root canal. The sections were mounted

on glass slides and stained with haematoxylin–eosin.
Twenty serial sections were chosen from each speci-

men and visualized using a digital microscope (Nikon

Eclipse LV100POL; Nikon Instruments Inc., Kawasaki,

Japan) with a digital camera (Nikon DS-Ri1; Nikon

Instruments Inc.) at 29 and 59 magnification.

Captured images were processed and analysed in

an image analysis software (NIS Elements AR 3.10;

Nikon Instruments Inc.). The area percentage of RPT

in the root canals was determined based on a previ-

ously documented method (De-Deus et al. 2011, Nee-

lakantan et al. 2016a,b). Briefly, the cross-sectional

area of the root canal and RPT were measured to cal-

culate the RPT. Evaluations were performed by an

operator who was blinded to the experimental groups.

Statistical analysis

The data were evaluated for normality using Shapiro–
Wilk test. As the data did not follow normal distribu-

tion, nonparametric tests (Mann–Whitney U test and

Kruskal–Wallis test) were used. To adjust for the mul-

tiple testing, the significance level for comparisons

amongst three groups (one-way ANOVA or Kruskal–
Wallis test) was set at P < 0.025 whilst the signifi-

cance level for comparisons between two groups and

pairwise comparison was set at P = 0.05.

Results

The percentage of RPT in the experimental groups

and untreated control appears in Table 1. All experi-

mental groups were associated with significantly less

RPT than the control (Mann–Whitney test; P < 0.05).

When syringe-and-needle irrigation was employed,

there was no significant difference in the RPT between

the three groups (Kruskal–Wallis test; P > 0.05;

Figure 1 (a) Gentlefile instruments size 022 and 023: The instruments are composed of layers of stainless steel wires wrapped

on a cable core. (b) Finisher GF Brush: This instrument is composed of six strands of SS wires that open outwards when oper-

ated at 6500 rpm.
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Fig. 1). Whilst group 1 (R20-SNI) had substantial

RPT on all the walls of the root canal in the examined

sections, group 2 (R25-SNI) demonstrated tissue rem-

nants along with debris in the eccentricities of the oval

canal (Fig. 1). A substantial amount of predentine

was also observed in the R20 specimens (data not

analysed). However, when the GB (subgroup B) was

used, there was a significant difference between the

three groups, with group 3B (GF-GB) having the least

RPT (Kruskal–Wallis test; P < 0.05; Fig. 2). There

was no significant difference in the RPT between sub-

groups A and B in group 1 (R20; Mann–Whitney test;

P < 0.05), whilst subgroup B (GB) had significantly

less RPT than subgroup A (SNI) in groups 2 (R25)

and 3 (GF; Mann–Whitney test; P < 0.05; Fig. 3).

Discussion

This study evaluated the effectiveness of irrigant agi-

tation with the Finisher GF Brush after root canal

preparation with the Gentlefile or NiTi instruments.

The rationale behind choosing two rotary NiTi instru-

ment sizes (sizes 20 and 25) was that the GF is

offered in non-standardized sizes and the size 23 was

used in this study. Hence, the debridement efficacy of

one instrument smaller and one larger, compared

with the GF was evaluated. All instruments had a 4%

taper. Understandably, mechanical instrumentation

alone can remove a certain amount of pulp tissue

from the root canal system. Thus, potentially the size

25 instrument could remove more pulp tissue than

the size 20 rotary NiTi instrument. However, the

study design had to strike a balance between stan-

dardization and clinical relevance. Thus, all efforts

were made to standardize the instrumentation and

irrigation time to minimize the possible effects of

number of instruments.

The use of the Finisher GF Brush resulted in signifi-

cantly less RPT in groups 2 and 3, when compared to

syringe irrigation. So, the null hypotheses can be par-

tially accepted. The results of this study revealed that

when root canals were prepared with rotary NiTi

instruments, those prepared to a size 25, .04 taper had

less pulp tissue than those prepared to size 20, .04

taper when a syringe and needle was used for irriga-

tion, although this difference was not statistically sig-

nificant. The location of the remnant tissues was an

interesting finding; specimens in the R20-SNI group

consistently had pulp remnants along the entire

perimeter of the canal whilst those in the R25-SNI

group had tissue and debris packed in the eccentrici-

ties. Similarly, root canals instrumented with GB and

irrigated with a syringe and needle did not have signif-

icantly lesser RPT than groups instrumented with

rotary NiTi. The specimens in this group did not have

a ‘characteristic’ pattern in the presence of remnant

tissue as could be noted in groups 1A and 2A. Hence,

it may be that the GF was able to touch more of the

canal wall than rotary NiTi instruments, but the syr-

inge irrigation was unable to dislodge the tissues. The

finding that syringe irrigation does not result in clean

canals is not new and corroborates with the findings

of several other studies (Jiang et al. 2012, Chen et al.

2016, Neelakantan et al. 2016a,b, Mohmmed et al.

2017), further validating the study design.

This study used relatively smaller sizes of root canal

preparation. No effort was made to categorize speci-

mens based on the initial apical diameter to reflect

the clinical scenario. It was previously reported that a

size 35, .04 taper preparation was needed to produce

Table 1 Means � standard deviations (SD) and medians (minimum–maximum) of the percentage of RPTs (%) in the experi-

mental and control groups

Groups

RPT

Mean � SD Median (min–max)

Control (untreated) 86.9 � 5.7a 88.7 (76.5–94.3)

Subgroup A (SNI) Subgroup B (GB)

Mean � SD Median (min–max) Mean � SD Median (min–max)

Group 1 (R20) 9.2 � 5.5b,A 8.8 (2.5–20.0) 5.4 � 2.9b,A 4.6 (1.3–11.0)

Group 2 (R25) 7.3 � 3.1b,A 6.3 (3.0–12.7) 3.6 � 3.0c,B 2.9 (0.7–13.2)

Group 3 (GF) 5.3 � 1.8b,A 5.4 (1.7–8.7) 1.8 � 1.5d,B 1.3 (0.6–5.3)

For each column, mean values that share the same superscript lower-case letter were not significantly different at the 5% level

(Control versus experimental groups in subgroup A, and Control versus experimental groups in subgroup B). For each row, mean

values that share the same superscript upper-case letter were not significantly different at the 5% level.
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root canals with clean dentinal walls (Khademi et al.

2006) using scanning electron microscopic analysis.

Although limited by the extent of apical preparation

diameters evaluated in this study, the results indicate

that there is no significant impact of apical prepara-

tion sizes in reducing remnant tissue, when syringe

irrigation is employed. Furthermore, the results of this

study reveal that it may be possible to achieve root

canal cleaning with smaller apical sizes, in single-

rooted teeth, when specific conditions of instrumenta-

tion and irrigant activation are used. This may conse-

quently challenge the paradigm that dentine needs to

be removed to obtain clean canals. Studies comparing

several apical preparation diameters and tapers are in

progress. Furthermore, studies need to be performed

to evaluate the effect of such preparation sizes on bio-

film disruption within the root canal and dentinal

tubules.

In general, it was observed that specimens instru-

mented with GF had less RPT than the control and

other experimental groups, albeit this difference was

not significant. It was reported that the SAF instru-

ment, which is designed like a metal mesh, generates

sonic activation of irritant when used within root

canals as it vibrates at 5000 vibrations min�1 (Met-

zger et al. 2010, De-Deus et al. 2011). Such a hypoth-

esis is plausible for the GF instrument as well, as it

rotates at 6500 rpm. This high rotational speed could

Figure 2 Representative sections from root canals (4 mm from the apex) in teeth prepared with rotary NiTi instruments

(groups 1A and 2A) and Gentlefile (group 3A) and syringe-and-needle irrigation. Black arrows point to the predentine and

remnant pulp tissue.

Figure 3 Representative sections from root canals (4 mm from the apex) in teeth prepared with rotary NiTi instruments

(groups 1B and 2B) and Gentlefile (group 3B) and Finisher GF Brush irrigant agitation. Black arrows point to the remnant pulp

tissue.
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also generate sufficient centrifugal forces to drive irri-

gants into the eccentricities of the oval canal (Garip

et al. 2010), thereby resulting in significantly cleaner

canals. When the Finisher GF Brush was used for irri-

gant agitation, there were significant differences in

RPT between the three groups. This demonstrates

that irrigant agitation strategy plays a more impor-

tant role than the apical size of preparation in debrid-

ing root canals. The Finisher GF Brush works by

opening the six SS strands when rotated. This may

scrape the canal walls to remove tissue and microbial

biofilms that are attached more effectively than syr-

inge irrigation (De-Deus et al. 2011). This is only the

first reported work on the Finisher GF Brush, and

future studies should compare this approach with

other strategies such as ultrasonic and sonic activated

irrigation.

Conclusion

The least amount of remnant pulp tissue was found

in root canals instrumented with the Gentlefile fol-

lowed by supplementary Finisher GF Brush usage.

When root canals were prepared to the larger size

(i.e. 25), supplementary irrigant agitation with the

Finisher GF Brush reduced the remnant tissue signifi-

cantly more than syringe irrigation.
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