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Abstract

Objectives: To evaluate and compare the efficacy of XP-endo Finisher R (FKG Dentaire, Le Locle, Neuchatel,
Switzerland), EDDY (VDW Dental, Munich, Germany), and passive ultrasonic irrigation (PUI) as
supplementary steps following the D-RaCe retreatment file system (FKG Dentaire) in the removal of root
canal obturation material using cone beam CT.

Materials and methods: A total of 45 two-rooted permanent maxillary first premolars were selected.
Following access preparation, cleaning, and shaping with Hero Shaper (Micro Mega, Besancon, BFC,
France) rotary file up to 25/04%, thermoplasticized obturation was performed with TotalFill BC sealer (FKG
Dentaire) and gutta-percha. The specimens were subjected to routine retreatment using the D-RaCe
retreatment file system. Cone beam computed tomography (CBCT) and volumetric analysis were performed
before and after this procedure. The samples were divided into group A (XP-endo Finisher R: n=15), group B
(EDDY: n=15), and group C (PUI: n=15). Finally, a third CBCT was taken and a volumetric analysis was done.
Statistical analysis was done using SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA).

Results: The lowest mean residual volume of obturation material was seen with XP-endo Finisher R (1.6
mm3), followed by PUI (1.7 mm 3). The EDDY showed the least efficiency in complete debridement of the root

canals (3.6 mm>). This difference in values was statistically significant.

Conclusion: The XP-endo Finisher R and PUI showed superior performance than EDDY in the removal of
remaining obturation material from the root canal system after retreatment with the D-RaCe retreatment
file system. However, none of the systems were able to completely remove the root canal obturation
materials.

Categories: Dentistry
Keywords: passive ultrasonic irrigation, cbct, eddy, xp-endo finisher r, d-race retreatment file, root canal retreatment

Introduction

Endodontic therapy is riddled with challenges in combating infection in the root canal system and has been
reported to have a success rate between 85% and 95% [1]. Despite the high success rates and predictability of
endodontic therapy, failures can nevertheless happen due to persistent infections or recontamination of the
root canal system after endodontic intervention [2].

Non-surgical retreatment is considered the primary treatment option in teeth with post-treatment disease
and, when performed successfully, helps in regaining the health of periapical and periradicular tissues [3].
To achieve a successful outcome for endodontic retreatment, coronal disassembly of prostheses such as
crowns and bridges and retrieval of cemented, bonded, or mechanically locked posts followed by total
removal of root canal obturation materials like gutta-percha and sealers is necessary [4].

The different approaches for removing obturation materials include heated instruments, manual
instruments with or without chemical solvents, Gates-Glidden drills, and rotary instruments or
reciprocation systems [5]. The D-RaCe (FKG Dentaire, Le Locle, Neuchatel, Switzerland) is a rotary
retreatment file system consisting of two files, D1 and D2, of varying tip size and taper, which has been
reported as most effective among popular retreatment systems [6,7]. Unfortunately, gutta-percha and sealer
residue persist on canal walls with most techniques [8,9]. Therefore, supplementary methods and techniques
specifically designed to improve the removal of residual obturation materials have been proposed.

Passive ultrasonic irrigation (PUI) using various irrigants has been recommended to facilitate thorough
cleaning and removal of root canal contents in cases of retreatment [10]. The XP-endo Finisher R (FKG
Dentaire) is a specifically designed file system to effectively clean root canals during retreatment procedures.
Another system that has been recommended to supplement root canal debridement in cases of retreatment
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is EDDY (VDW Dental, Munich, Germany), consisting of a sonically activated polyamide tip. The present
study was conceived as a comparative evaluation of the efficacy of these three supplementary systems in the
total removal of obturation material in retreatment cases, as evaluated by cone beam computed tomography
(CBCT). The null hypothesis tested was that there is no significant difference between the efficacy of XP-
endo Finisher R, EDDY, and PUI in total removal of obturation material from root canals in retreatment
cases.

Materials And Methods

A total of 45 sound caries-free double-rooted maxillary premolar teeth with a closed apex were selected. The
study was conducted with the approval of the Institutional Ethics Committee of Malabar Dental College and
Research Center, Malappuram, KL, IND (approval no. IEC/04/CONS-B/MDC/2020) for the collection and use
of maxillary premolars extracted for orthodontic purposes. Teeth with root caries, complex internal
anatomy, calcified canals, or thin curved roots were excluded. All the collected teeth were stored according
to Occupational Safety and Health Administration (OSHA) regulations.

Specimens were decoronated with a diamond disc at the cementoenamel junction under copious water
cooling, retaining a root length of 14 = 2 mm from the apex. The access cavity was prepared, and the working
length was determined by inserting an International Organization Standard (ISO) #10K file (Mani Inc.,
Takanezawa, Tochigi, JPN) until it was just visible at the apical foramen and then reducing 1mm. Cleaning
and shaping were performed with the Hero Shaper rotary file (Micro Mega, Besangon, BFC, France) up to size
ISO #25 as per standard protocol. Irrigation was done with 1 ml of 5.25% sodium hypochlorite (Asian
Acrylates, Mumbai, MH, IND) between each instrument. The removal of debris and smear layer was
performed with 5 ml 7% maleic acid (Nice Chemicals, Cochin, KL, IND) followed by 1 ml 5.25% sodium
hypochlorite; 2 ml distilled water was used as the final flush, and in between the above irrigants. After
drying with paper points, the root canals were coated with a calcium silicate-based bioceramic sealer
TotalFill BC sealer (FKG Dentaire) using Lentulospiral (Mani Inc.). The master cone was inserted 1 mm short
of the working length. The coronal part of the gutta-percha was cut with an obturation pen (Denjoy iFill GP
Obturation System, Changsha City, HN, CHN) until 3 mm to 4 mm gutta-percha remained at the apical one-
third, and then vertical compaction was done with a hand plugger. After this, the coronal two-thirds were
obturated with warm gutta-percha using an obturation gun (Denjoy) [11]. The CBCT images of the obturated
teeth were taken with ProMax 3D ProFace CBCT machine (Planmeca, Helsinki, Finland) with a high artefact
removal algorithm, and the volumetric evaluation of the amount of obturation material in each canal was
estimated using Romexis software (Planmeca). All specimens were then kept at 37°C and 100% humidity for
two weeks in an incubator to simulate in vivo conditions. The materials used in this study are listed in Table
1.

Product Specification Company

Hero Shaper 4%, #25 MicroMega, France
D-RaCe DR1, DR2 FKG Dentaire, Switzerland
XP-endo Finisher R FKG Dentaire, Switzerland
EDDY system VDW Dental, Germany
U-file #25 Mani Inc., Japan

Denjoy iFill GP Obturation system Denjoy, China

TotalFill BC FKG Dentaire, Switzerland
Sodium hypochlorite 5.25% Asian Acrylates, India
Maleic acid 7% Nice Chemicals, India
Carvene Prevest DentPro, India

TABLE 1: List of materials

GP: Gutta-percha

Retreatment was initiated in the specimens using gutta-percha solvent (Carvene; Prevest DenPro, Jammu,
India) and the D-RaCe (DR) rotary retreatment file system. The coronal third of the root filling was removed
using the DR1 instrument (#30/10 taper) operated at 1000 rpm. The DR2 instrument (#25/04 taper) was used
with light apical pressure at 800 rpm until the working length was reached [12]. A second CBCT was taken to
determine the residual amount of obturation material at this stage. The specimens were then randomly
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assigned to one of three groups, i.e., group A treated with XP-endo Finisher R (n=15); group B treated with
EDDY (n=15); and group C treated with PUI (n=15).

In group A, the XP-Endo Finisher R file was inserted in the root canals and then activated (1000 rpm and 1
Ncm) Imm short of the apex using slow and gentle 7 mm to 8 mm lengthwise movements for 30 seconds.
The specimens in group B were treated with the EDDY sonic tip inserted up to 1 mm short of the working
length and activated at 6000 Hz/160 pm with in-and-out movements of 5 mm amplitude. In group C, the E1
ultrasonic tip with U-file size 25 (Mani Inc.) was mounted on an ultrasonic unit (Woodpecker, Guilin, GX,
CHN) set at a frequency of 30 kHz, inserted in the root canal up to 2 mm short of the working length, and
activated for 30 seconds [13]. This procedure was repeated two times [14]. These supplementary steps were
done using 5 ml of 7% maleic acid as the irrigant. A final CBCT scan was taken to assess the volume of
residual root canal obturation material, if any. The methodology flow chart is shown in Figure 1.
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FIGURE 1: Methodology flowchart

GP: Gutta-percha, CBCT: Cone beam computed tomography, XPFR: XP-endo Finisher R, PUI: Passive ultrasonic
irrigation

Results

The data were subjected to statistical analysis using SPSS Statistics version 26.0 (IBM Corp., Armonk, NY,
USA). The level of significance was set at p<0.05. Descriptive statistics was performed to assess the mean
and standard deviation of the respective groups. The normality of the data was assessed using the Shapiro-
Wilkinson test. Since the data followed a normal distribution, parametric tests were used for the analysis. A
one-way ANOVA test followed by Tukey’s honestly significant difference (HSD) test was used to check the
difference between the three groups.

The volume of obturation material in each specimen was obtained from the first CBCT image that was taken

immediately after obturation (Figure 2). These values ranged from 43 mm 3 to 119 mm3 and the mean
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volume of obturation material was 72 mm>3.

Vol 0.167 cm?
w1.80h7.20d12.90
Avg3337.71 [
StdDev 3651.9

R [-1000,16297]
Region vol 0.043
Region area 39 m

FIGURE 2: Calculation of volume from CBCT image taken after
obturation

CBCT: Cone beam computed tomography

The second CBCT image revealed the residual volume of obturation material after retreatment with the D-
RaCe file system, the highest value being 17 mm? (Figure 3). Only one specimen showed a near-total removal

of obturation material, and the mean volume was calculated as 8.1 mm?, Thus, retreatment with the D-RaCe
file system alone resulted in a residual obturation material volume of 11.25%.
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Vol 0.035 cm?
w1.50h2.10d11.25
Avg 2300.01

StdDev 909.97

R [-990,7755]

Region vol 0.004 cm?
Region area 1 mm?

FIGURE 3: Calculation of volume from CBCT image after retreatment
with D-RaCe

CBCT: Cone beam computed tomography

The mean volume of residual obturation material after each supplementary step is given in Table 2. The
values for group A (XP-endo Finisher R) ranged up to a maximum of 5 mm?, and this high value was seen in

a single specimen. Twelve specimens showed values in the range 1 mm3 to 2 mm? with two specimens
exhibiting total removal of obturation material (Figure 4). In the specimens of group C (PUI), the values were

similar to group A. The majority of the specimens showed values ranging from 1 mm? to 2 mm?, two had a

value of 4 mrnz, and one showed total removal.
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Group A (XPFR) Group B (EDDY) Group C (PUI) p-value Post hoc
Mean 0.001 0.003 0.001 Avs.B 0.0001*
0.0001* Avs.C 0.99
SD 0.001 0.001 0.001
Bvs.C 0.0001*

TABLE 2: Mean volume (cm3) of residual obturation material after each supplementary step

XPFR: XP-endo Finisher R, PUI: Passive ultrasonic irrigation

Vol 0.010 cm?
w1.95h1.05d4.9
Avg 1477.12
StdDev 877.89

R [-1000,6020]
Region vol 0.000 cm?
Region area 0 mm?

FIGURE 4: Calculation of volume from CBCT image after supplementary
step

CBCT: Cone beam computed tomography

In comparison, larger volumes of residual obturation material were seen with group B (EDDY). Among these

specimens, the highest value was 7 mm3, with most specimens showing values ranging from 2 mm > to 4
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mm>, Only two specimens showed a value of 1 mm? and no specimen could claim a total removal of
obturation material. Two-tailed ANOVA test showed that this difference between groups was statistically
significant.

Post hoc analysis for pair-wise comparison between each group was performed (Table 2). The analysis
showed that the difference in values between groups A and B, as well as between groups B and C was
statistically significant (p=0.001). However, the difference between groups A and C was not significant
(p=0.99).

Discussion

A successful root canal retreatment requires the removal of all existing obturation material [15]. Any residual
obturation material left behind can act as a source of contamination, leading to periapical inflammation and

delayed healing [16]. Therefore, the amount of residual obturation material is said to have a direct impact on
the long-term prognosis of a tooth that is undergoing root canal retreatment [17].

Two-rooted maxillary premolars having oval canals are difficult to clean and shape and often pose a
challenge for the clinician to completely remove obturation materials during retreatment [18]. For this
reason, the present study was conducted in two-rooted maxillary premolars. The thermoplasticized
obturation technique has been reported to create a better adaptation of gutta-percha to root canal walls,
improve the degree of homogeneity, and provide optimum coronal and apical seals as compared to cold
lateral condensation [19,20]. Therefore, this technique of obturation was adopted in our study. Along with
this, TotalFill BC, a tricalcium silicate-based sealer claimed to have improved sealing ability,
biocompatibility, antibacterial property, and biomineralization capacity, was used.

Assessment of the quality of root canal obturation as well as the amount of obturation material removed
during retreatment is inaccurate with periapical radiographs due to projection geometry issues,
superimposition of adjacent structures, as well as anatomic noise from surrounding structures [21]. Cone
beam CT is specifically designed to reproduce 3D images of the maxillofacial region [22]. This type of
imaging provides accurate data about maxillofacial structures, especially teeth, and the associated
structures, with a reduced effective dose of radiation as compared to medical CT [22,4,21].

The D-RaCe retreatment system comprises two files of varying lengths and tapers. The DR1 has a tip size of
30 and a taper of 10%, which also has a cutting tip for easy penetration into the root canal filling material.
The DR2 consists of a tip size of 25 and a taper of 4%, which is used for cleaning the apical two-thirds [23]. In
the present study, the application of this file system alone was seen to be ineffective in the total removal of
obturation material, with a residual volume of above 10%. This is in accordance with the results reported by
Madani et al., who compared the efficacy of D-RaCe, ProTaper retreatment files (Dentsply Sirona, Charlotte,
NC, USA), and hand filing techniques [24].

The EDDY is a recently introduced sonic device for irrigant activation and is a polymer rod-based system.
The polyamide tip receives vibration from the air scaler, and this leads to an oscillating motion of high
amplitude. This high-amplitude motion is claimed to cause cavitation and acoustic streaming, thus leading
to effective debridement of the root canal system during retreatment [25]. In comparative studies between
EDDY and other irrigant activation systems, including Endoactivator (Dentsply Sirona), the former has been
reported to exhibit superior performance in terms of debridement and smear layer removal [25,26].

In the present study, the volume of obturating material removed by D-RaCe followed by EDDY was
significantly lower than XP-endo Finisher R. This result is supported by research conducted by De Deus et al.,
Uzunoglu-Ozyurek et al., and Hassan et al., where they established the superior efficacy of XP-endo Finisher
R in removing the remaining obturation material [14,27,28]. The XP-endo Finisher R is a file system that
utilizes Max-Wire technology. This treated alloy undergoes a phase transformation from martensitic to
austenitic phase almost near body temperature at 35 degrees Celsius, resulting in a semicircular shape for
the XP-endo file system. This leads to an eccentric rotational motion, thereby ensuring thorough
debridement [27].

In our study, PUI was also seen to debride more efficiently than EDDY, the difference being statistically
significant. Passive ultrasonic irrigation produces high-frequency ultrasonic waves during activation that
cause cavitation as well as acoustic streaming [28]. The superior efficacy of PUI in the present study may be
attributed to this resultant high energy. After a detailed analysis of the results of the present study, the null
hypothesis was rejected, as the difference in efficacy between the supplementary systems was statistically
significant.

Limitations and strengths

Although the study was in vitro, all measures were taken to simulate intraoral conditions, but it may not be
possible to directly extrapolate the results of the present study to a clinical situation. This limitation is
consistent with all in vitro studies, and the results of the present study encourage an in vivo approach for
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more clinically applicable outcomes. Since a thoroughly researched methodology and recommended
protocol were adhered to, the study, despite its in vitro nature, provides valuable information about the
efficacy of the studied supplementary systems.

Conclusions

Neither the retreatment file system alone nor a combination with the three supplementary systems was able
to completely remove the obturation material from the root canals of all except three specimens. Although

the residual volume of obturation material was low (mean volume = 1.6 mmz), the effect of these remnants
on the prognosis of retreatment cases cannot be precluded. This leaves a lacuna for further research to
develop a mechanism to debride the root canal system completely of all obturation material in cases of
retreatment.

However, the results of the present study clearly indicate that the use of a supplementary step such as PUI or
XP-endo Finisher R can significantly reduce the volume of residual obturation material. Therefore, within
the limitations of the study, both PUI using maleic acid irrigant as well as the XP-endo Finisher R system may
be recommended in cases of retreatment to facilitate greater removal of obturation material and ensure a
more favorable prognosis.
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