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Abstract: 
Endodontic failure due to persistent infection, missed canals, or inadequate obturation often necessitates retreatment, yet achieving 
complete removal of filling material remains a clinical challenge. Therefore, it is of interest to evaluate the 78 extracted single-rooted 
mandibular premolars obturated with gutta-percha and AH Plus sealer, retreated using Hedstroem files, NeoEndo, Micro-Mega 
Retreat, HyFlex Remover systems and ultrasonic tips. Residual filling material at coronal, middle and apical thirds and retreatment 
time were assessed through stereomicroscopic digital analysis and analyzed using ANOVA and Tukey tests. Ultrasonic tips achieved 
the highest removal of filling material, followed by HyFlex Remover, both outperforming manual and earlier Ni-Ti systems with 
greater consistency and reliability. Thus, data shows that ultrasonic activation, when combined with contemporary Ni-Ti retreatment 
systems, significantly enhances the cleanliness of root canal walls and offers a more predictable protocol for managing failed 
endodontic treatments. 
 
Keywords: Endodontic retreatment; rotary retreatment file systems; ultrasonic retreatment tip; stereomicroscopic evaluation; 
retreatment efficiency 

 
Background: 
Successful endodontic treatment relies on through microbial 
control within the root canal system to enable resolution of 
periapical pathology. A treated tooth is considered unsuccessful 
when symptoms persist or recur and when radiographic signs 
indicate lack of periapical healing, most frequently due to 
continued microbial presence within the canal space [1]. 

Although modern endodontics has benefited from significant 
progress in procedural techniques and material science, clinical 
failures continue to occur. Structural complexities of the root 
canal system such as fins, lateral extensions, accessory pathways 
and isthmuses can impede complete instrumentation and 
irrigation [2]. In addition, treatment related shortcomings 
including undetected canals, substandard obturation, 
inadequate coronal restoration and iatrogenic mishaps such as 
perforations, canal transportation, or fractured instruments may 
adversely influence healing [3]. Among available management 
strategies, nonsurgical retreatment is generally regarded as the 
most conservative option, as it preserves the natural dentition 
while directly addressing the cause of treatment failure. The 
retreatment process focuses on re-entering the canal system, 
eliminating previously placed filling materials, reducing 
microbial load through enhanced disinfection and re-
establishing an effective apical and coronal seal to prevent re-
infection [4]. Despite the availability of multiple retreatment 
instruments, consistent and complete removal of obturating 
materials from the root canal system remains a clinical challenge. 
Residual gutta-percha and sealer can act as reservoirs for 
microorganisms and interfere with effective irrigation and 
disinfection, thereby compromising retreatment success [5]. 
Consequently, the choice of an instrument system that balances 
efficient material removal with preservation of dentinal structure 
is critical [6]. Advances in endodontic instrumentation have 
greatly improved the effectiveness of retreatment procedures. 
Nickel–titanium (NiTi) rotary instruments have replaced 
traditional hand files in many clinical settings due to their 
superior flexibility, enhanced fatigue resistance and improved 

cutting behaviour. These characteristics allow more efficient 
removal of obturating materials, particularly in curved canals, 
while minimizing procedural time and operator’s strain [7]. 
Conventional hand instrumentation, although well established, 
is often inefficient and highly operator dependent, particularly 
in canals with irregular cross-sectional shapes. As a result, rotary 
NiTi systems and ultrasonic devices have gained increased 
acceptance due to their precision and reproducibility [8]. Over 
the years, specialized rotary retreatment systems such as 
NeoEndo, Micro-Mega Retreat and HyFlex Remover have been 
introduced, each designed with unique features related to file 
geometry, taper, metallurgy and motion [9]. Ultrasonic devices 
have also become important adjuncts in retreatment procedures, 
especially in cases involving complex canal morphology, 
calcified canals, or residual filling materials. Ultrasonic tips such 
as the E4D function through acoustic streaming and cavitational 
effects, improving debridement efficiency while limiting 
excessive dentin removal [10]. While these systems claim 
superior performance in filling material removal, their relative 
effectiveness and clinical advantages require systematic 
evaluation. The mechanical and metallurgical characteristics of 
retreatment instruments including taper design, tip 
configuration, cross-sectional shape, rake angle and heat 
treatment directly influence their flexibility, cutting efficiency 
and ability to remove obturating materials. Additionally, clinical 
concerns such as dentin conservation, risk of instrument 
separation, apical extrusion of debris and procedural safety must 
be carefully considered when selecting a retreatment technique 
[11]. Therefore, it is of interest to compare the effectiveness of 
NeoEndo Retreatment files, Micro-Mega Retreat files, HyFlex 
Remover Retreatment files, and ultrasonic E4D tips in removing 
gutta-percha and sealer from previously treated root canals. 
 
Materials and Methods: 

Following the approval from the Institutional Ethical Committee 
this in vitro comparative study was conducted within the 
Department of Conservative Dentistry and Endodontics at K.D. 
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Dental College and Hospital, Mathura. All testing procedures 
were subsequently performed at Kalinga Institute of Dental 
Sciences, Bhubaneswar, Odisha ensuring standardized 
environmental conditions and digital calibration throughout the 
experimental phase. 78 freshly extracted single rooted 
permanent premolars were selected. The specimens were 
washed thoroughly under running tap water and residual soft 
tissue attachments were eliminated using an ultrasonic scaler, 
followed by rinsing with normal saline. For disinfection, the 
samples were kept in 0.5% Chloramine-T solution for 24 hours 
and stored in distilled water until further use. After 
decoronation, a standardized root length of 13 mm was 
obtained, measured from the anatomical apex. Working length 
was determined using #10 K-file (Dentsply Maillefer, Ballaigues, 
Switzerland), 1 mm short of the apical foramen. Each root was 
individually wrapped in aluminum foil and vertically embedded 
in self-polymerizing acrylic resin contained within a 5-ml 
syringe, whose inner surface was coated with petroleum jelly, 
maintaining a uniform height of 13 mm, that was further 
replaced with hydrophilic vinyl polysiloxane impression 
material to simulate the PDL. Gates-Glidden drills sizes 2 and 3 
(Dentsply Maillefer, Ballaigues, Switzerland) were used for 
coronal enlargement, followed by instrumentation up to a #45 K-
file (Dentsply Maillefer, Ballaigues, Switzerland). Throughout 
the instrumentation process, irrigation was performed using 
5.25% sodium hypochlorite (Coltene, India), 17% EDTA 
(Orikam, India) and saline solution (KR Pvt Ltd., India) at every 
instrument change. The root canals were dried using absorbent 
paper points and obturated with gutta percha (Dentsply 
Maillefer, Ballaigues, Switzerland) and AH Plus sealer 
(Dentsply, de Trey, Konstanz, Germany) using the cold lateral 
compaction technique. The access cavities were then sealed with 
a temporary restorative material and all specimens were stored 
in an incubator at 37°C with 100% humidity for four weeks to 
allow complete setting of the sealer. The specimens were 
subsequently randomized into their respective experimental 
groups of 13 in each. The temporary restorations were removed 
and retreatment procedures were initiated. Irrigation was 
performed using 2 ml of 5.25% sodium hypochlorite and 17% 
EDTA at each instrument change. Debris adhering to 
retreatment files and ultrasonic tips were cleaned at regular 
intervals. Retreatment was considered complete when no visible 
remnants of gutta-percha or sealer were detected either on the 
instruments or in the irrigating solution. The total retreatment 
time for each specimen was recorded using a stopwatch. All 
retreatment procedures were performed by a single operator to 
eliminate operator-related variability. 
 
Group 1: 
Control group: 

No retreatment procedure was carried out. 
 
Group 2:  
Retreatment using hedstroem files: 
Hedstroem (H) files (Dentsply Maillefer, Ballaigues, 
Switzerland) ranging from sizes #15 to #40 were passively 

introduced to the working length and activated using short, 
controlled push–pull movements along the long axis of the 
canal. Gentle apical pressure was applied during insertion, 
followed by a firm coronal withdrawal to disengage the 
obturating material. 
 
Group 3:  
Retreatment using NeoEndo retreatment file system: 
The NeoEndo Retreatment file system (Orikam, India) was used 
following a crown-down approach with gentle circumferential 
filing motion. The N1 file (size 30, 0.09 taper) was employed for 
removal of obturation material from the coronal third. This was 
followed by the N2 file (size 25, 0.08 taper) for the middle third 
and the N3 file (size 20, 0.07 taper) for the apical third of the 
canal according to manufacturer’s instructions. 
 
Group 4:  
Retreatment using Micro-Mega retreat retreatment file system: 

The Micro-Mega Retreat system (Bombay Dental, India) was 
used according to the manufacturer’s instructions with a gentle 
in-and-out brushing motion against the canal walls. Initially, the 
Rm manual file (size 25, 0.04 taper) was used to relocate the 
canal orifice. This was followed by the Re Endoflare rotary file 
(size 25, 0.12 taper) for removal of obturating material from the 
coronal 2–3 mm. Finally, the R2 rotary file (size 25, 0.06 taper) 
was used to remove filling material from the remaining two-
thirds of the working length. 
 
Group 5:  
Retreatment using Hyflex remover retreatment file system: 

The HyFlex Remover Retreatment file system (Coltene, India), 
available in pre-sterilized lengths of 17 mm (size 25, 0.09 taper), 
19 mm (size 30, 0.07 taper) and 23 mm (size 30, 0.07 taper), was 
utilized. Retreatment was performed in a crown-down manner 
following the manufacturer’s recommendations, with the files 
applied against the canal walls until the working length was 
achieved. 
 
Group 6:  
Retreatment using ultrasonic tips (E4D): 
The ultrasonic E4D tip (Woodpecker, India) was passively 
introduced into the canal without applying excessive apical 
pressure. Once activated, the tip was moved in a gentle 
circumferential sweeping or brushing motion along the canal 
walls. This procedure was carried out in conjunction with 
irrigating solutions to enhance the removal of obturating 
material. Each specimen was removed from acrylic mould and 
grooved longitudinally in a buccolingual direction using a 
double-sided diamond disc and subsequently split with the aid 
of a chisel. Both halves of each root were examined under a 
stereomicroscope at 20× magnification. Digital images were 
captured and analyzed using image analysis software 
(AutoCAD 2022, Microsoft, India) to quantify the area of 
residual obturating material within the root canal system. 
Measurements were recorded for the total canal surface area and 
separately for the coronal, middle and apical thirds. The 
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percentage of residual filling material in the root canal walls was 
calculated using the following equation: Area of remaining 
filling material Area of canal wall the data were entered into a 
spreadsheet and analyzed using statistical software (SPSS 22). 
Descriptive statistics (mean, standard deviation and range) were 
calculated for retreatment time and residual filling material. 
Group differences were assessed using one-way ANOVA, 
followed by Tukey’s post-hoc test when significance was 
detected. A p-value < 0.05 was considered statistically 
significant. 
 
Results: 
A total of 78 samples were included in the study and were 
uniformly distributed among the six study groups, with 13 
samples (16.7%) in each group, ensuring equal representation of 
the control group and all retreatment techniques and allowing 
valid intergroup comparison. Table 1 presents the comparison 
of mean total residual filling area and percentage among the six 
groups using ANOVA. The mean total residual filling area was 
highest in Group 1 (18.59 ± 1.38 mm²) and lowest in Group 6 
(3.85 ± 0.21 mm²), showing a highly significant difference among 
groups (F = 1013.493; p < 0.001). Similarly, the mean percentage 

of residual filling material was maximum in Group 1 (89.40 ± 
3.14) and minimum in Group 6 (16.74 ± 0.78), with an F value of 
4443.142, indicating a highly significant difference (p < 0.001). 
The greatest disparity was observed between ultrasonic and 
manual groups, underscoring the limitations of hand 
instrumentation. Table 2 compares the mean operating time 
required (in minutes) among the different groups using 
ANOVA. Group 2 showed the highest mean operating time of 
3.74 ± 0.37 minutes, with values ranging from 3.28 to 4.21 
minutes and a 95% confidence interval of 3.52–3.96 minutes, 
while Group 6 exhibited the least mean operating time of 1.37 ± 
0.14 minutes, with a narrow range of 1.20–1.59 minutes and a 
95% confidence interval of 1.29–1.45. The ANOVA showed a 
highly statistically significant difference among the groups with 
an F value of 132.27 and a p value of <0.001, indicating that the 
time required varied significantly across the different groups. 
The pairwise comparison of mean residual filling area of canals 
(mm²) among the six groups at the coronal, middle and apical 
levels and time taken using the Post Hoc Tukey test showed 
statistically significant difference between all the groups 
(P=0.00).

 
Table 1: Comparison of mean total residual filling area and percentage of different groups using ANOVA test 

 Groups  Minimum  Maximum Mean Std. 
Deviation 

Std. 
 Error 

95% Confidence Interval for Mean F value p value 

Lower Bound Upper Bound 
Residual filling area (mm2) 1 15.50 20.59 18.59 1.38 0.38 17.76 19.42 1013.493 <0.001* 

2 8.90 9.78 9.29 0.28 0.08 9.12 9.46 
3 7.69 8.15 7.90 0.16 0.04 7.80 7.99 
4 6.97 7.29 7.14 0.10 0.03 7.08 7.20 
5 4.98 5.61 5.33 0.20 0.06 5.21 5.45 
6 3.49 4.20 3.85 0.21 0.06 3.72 3.98 

      Percentage 1 80.27 93.72 89.40 3.14 0.87 87.51 91.30 4443.142 <0.001* 
2 38.94 41.09 39.88 0.73 0.20 39.44 40.32 
3 33.68 35.24 34.40 0.44 0.12 34.14 34.67 
4 30.64 31.60 31.13 0.30 0.08 30.95 31.32 
5 22.01 24.10 23.24 0.75 0.21 22.79 23.69 
6 15.55 17.91 16.74 0.78 0.22 16.26 17.21 

 

Table 2: Comparison of mean time (minutes) of different groups using ANOVA test 

Groups Minimum Maximum Mean Std. Deviation Std. Error 95% Confidence Interval for Mean F value p value 

Lower Bound Upper Bound 
2 3.28 4.21 3.74 0.37 0.10 3.52 3.96 132.27 <0.001* 
3 2.50 3.20 2.94 0.29 0.08 2.77 3.12 
4 2.27 3.05 2.55 0.29 0.08 2.37 2.72 
5 1.53 2.27 2.03 0.28 0.08 1.86 2.20 
6 1.20 1.59 1.37 0.14 0.04 1.29 1.45 

 
Discussion: 

Patients often exhibit a strong preference for retaining their 
natural teeth, resulting in reluctance toward tooth extraction 
[12]. Among the various therapeutic options available for the 
management of failed endodontic treatment, non-surgical 
orthograde retreatment is generally regarded as the treatment of 
choice [13]. The fundamental objective of endodontic 
retreatment is to achieve the greatest possible elimination of 
gutta-percha and sealer from the canal walls. To accomplish this, 
several techniques have been proposed, including the use of 
hand instruments, rotary nickel-titanium retreatment systems, 
heated devices, ultrasonic instruments and chemical solvents 
[14]. An in vitro experimental design was adopted to allow strict 
standardization of canal anatomy, obturation quality, irrigation 
protocols and retreatment procedures. To ensure homogeneity of 
samples, single-rooted premolars with single, straight canals and 

fully developed apices were selected, as these teeth frequently 
exhibit mesiodistal flattening, which presents a clinically 
relevant anatomical challenge during retreatment [15]. The 
materials and techniques selected for this investigation were 
chosen based on their widespread clinical use and relevance to 
contemporary endodontic practice. The role of solvents in 
retreatment procedures remains controversial. While solvents 
may facilitate initial instrument penetration into filled canals, 
they tend to soften gutta percha, leading to its smearing along 
dentinal walls and potentially complicating complete removal. 
Furthermore, extrusion of solvents beyond the apex poses 
concerns related to tissue toxicity and patient safety [16]. In view 
of these limitations, solvents were deliberately excluded from 
the present study. AH Plus sealer, an epoxy resin–based sealer, 
was selected because it is widely regarded as a benchmark sealer 
in endodontic research. Its excellent flow, strong adhesion to 
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dentin, minimal solubility and long-term dimensional stability 
make it particularly resistant to removal during retreatment [12]. 
The selection of AH Plus in the present study therefore ensured 
that retreatment systems were tested under demanding yet 
clinically relevant conditions. Stereomicroscopic examination (20 
xs) following longitudinal sectioning was selected for evaluating 
residual obturation material after retreatment in coronal, middle 
and apical third, as it facilitates level-specific assessment without 
radiographic overlap or image distortion [17]. To enhance 
measurement precision, digital image analysis using AutoCAD 
software was incorporated, enabling continuous quantitative 
data rather than ordinal scoring, thereby improving statistical 
sensitivity and inter-group comparison [15]. In the coronal third, 
ultrasonic retreatment demonstrated the lowest residual filling 
material, followed closely by the HyFlex Remover system, while 
Hedstroem files showed the highest remnants. Rotary systems 
such as HyFlex Remover and Micro-Mega Retreat showed 
favourable coronal performance due to active cutting edges, 
progressive taper and heat-treated metallurgy that promote 
plasticization and coronal transportation of filling material [16]. 

In the middle third, although a similar pattern was observed, a 
moderate increase in residual material occurred across all 
groups when compared with the coronal region. Ultrasonic tips 
continued to outperform rotary and manual techniques; 
however, the difference between ultrasonic and rotary systems 
was less pronounced. This may be explained by reduced canal 
diameter and increased dentinal contact in the middle third, 
which limits ultrasonic oscillation while favoring rotary 
instruments that maintain continuous circumferential contact 
with canal walls [17]. The higher residual material in the apical 
third across all groups may be attributed to anatomical 
constraints, reduced irrigant exchange and limited instrument 
penetration. Ultrasonics showed superior results in the coronal 
and middle thirds compared to the apical third. The ultrasonic 
tip diameter (0.6 mm) exceeding the master apical file size 
further explains reduced apical contact, a limitation reported in 
previous ultrasonic retreatment studies [18]. When residual 
filling area and percentage were considered collectively, 
ultrasonic tips exhibited the highest overall retreatment 
efficiency, followed by HyFlex Remover, Micro-Mega Retreat, 
NeoEndo and Hedstroem files. Ultrasonic tips required the least 
retreatment time, while hand files were the most time 
consuming. Rapid plasticization of gutta-percha caused by 
ultrasonic vibration and rotary motion accounts for this 
observation [19]. Reduced retreatment time is clinically 
advantageous, minimizing operator fatigue and improving 
patient comfort. The results of the present study corroborate 
numerous investigations demonstrating superior efficacy of 

ultrasonic activation and heat-treated rotary systems [20]. 
However, as reported in previous studies, complete removal of 
gutta-percha and sealer is rarely achievable regardless of the 
retreatment technique employed a finding that was also 
observed in this present investigation. The findings highlight the 
clinical value of ultrasonic activation as either a primary or 
adjunctive retreatment modality. Integration of ultrasonic tips 
into routine retreatment protocols can help overcome the 
inherent limitations of mechanical instrumentation alone [21]. 
 

Conclusion: 

Ultrasonic E4D tips showed high efficiency in removing root 
canal filling materials and required the shortest retreatment 
time. Among the rotary systems, the HyFlex Remover showed 
superior performance compared with the Micro-Mega Retreat 
and NeoEndo files. Thus, ultrasonic-assisted retreatment can 
improve canal cleanliness and may enhance the predictability of 
nonsurgical endodontic retreatment. 
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