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ABSTRACT

Background: Successful endodontic retreatment requires effective removal of root canal filling material while
preserving dentin integrity. Both obturation techniques and retreatment systems play a crucial role in determining
these outcomes. Aim: To comparatively evaluate remaining dentin thickness (RDT) and removal of root canal
filling material (RFM) using two obturation techniques and two retreatment file systems. Materials and Methods:
Sixty extracted single-rooted mandibular premolar were divided into two groups based on obturation
technique(n=30): lateral compaction and Obtura (C-Fill) system. Each group was subdivided based on retreatment
file system: Hyflex Remover and Endostar REvision (n=15 each). All canals were obturated using gutta-percha
with AH Plus sealer. Retreatment was performed using the respective systems. RDT was analyzed using CS 3D
imaging software, and volumetric analysis of residual filling material was performed using 3D Slicer software
(version 5.8.1). Data were analyzed using ANOVA and Tukey post hoc tests. Results: The least residual filling
material (RFM) was observed in the Lateral Compaction + Hyflex group, while the highest was seen in the Obtura
+ REvision group. Hyflex demonstrated superior removal efficiency compared to Endostar REvision. Tukey
analysis revealed that REvision caused greater dentin removal in coronal and middle thirds, whereas Hyflex
resulted in increased dentin removal in the apical third. All intergroup differences were statistically significant (p <
0.05). Conclusion: Both obturation technique and retreatment system significantly influence retreatment outcomes.
Hyflex showed superior cleaning efficiency, while dentin preservation varied across root levels between systems.

KEYWORDS: Retreatment, remaining dentin thickness, Hyflex Remover, Endostar REvision, lateral compaction,
C-Fill obturating system.

INTRODUCTION In such situations, nonsurgical endodontic retreatment is
The primary goal of endodontic therapy is the complete considered the preferred approach, as it enables re-access
elimination of microorganisms from the root canal to the canal system for disinfection and re-obturation.!

system followed by three-dimensional obturation to

prevent reinfection. Despite high success rates, failures A critical step in retreatment is the effective removal of
may occur due to persistent intraradicular infection, existing root canal filling materials, including gutta-
inadequate cleaning and shaping, or improper obturation. percha and sealer. However, complete removal of these
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materials remains a challenge due to their adhesion to
canal walls and penetration into dentinal tubules.
Previous studies have demonstrated that no retreatment
technique can completely eliminate filling material from
the root canal system, highlighting the need for improved
techniques and instruments.*!

The type of obturation technique plays a significant role
in determining the ease of retreatment. Lateral
compaction has long been considered a conventional and
predictable technique; however, thermoplasticized
obturation systems, such as injectable techniques, have
gained popularity due to their ability to provide a more
homogeneous and better adapted filling within the canal
system. While this improved adaptation enhances the
quality of obturation, it may adversely affect
retrievability during retreatment procedures.™”*® Studies
have shown that thermoplasticized techniques tend to
leave more residual filling material compared to
conventional methods, thereby complicating
retreatment. "]

In addition to obturation technique, the choice of
retreatment file system significantly influences the
efficiency of removal of filling material and the
preservation of dentin. Nickel-titanium (NiTi) rotary
retreatment systems have become widely accepted due to
their flexibility, cutting efficiency, and ability to maintain
the original canal anatomy. Various systems have been
introduced with modifications in design, taper, and
metallurgy to enhance their performance.”! Among these,
heat-treated instruments such as Hyflex remover systems
(Coltene-Whaledent, Allstetten, Switzerland) exhibit
controlled memory properties that improve canal
adaptability and removal efficiency.®™™ Conversely,
other rotary systems, such as Endostar Revision (Poldent,
Warsaw, Poland), are designed for efficient cutting and
rapid removal of obturating material, but may have
varying effects on dentin preservation.

Preservation of remaining dentin thickness is a crucial
factor in retreatment, as excessive dentin removal can
weaken the tooth structure and increase the risk of
vertical root fracture. Several studies have reported that
different retreatment systems exhibit varying effects on
dentin thickness depending on their design and work
efficiency.™®'” Instruments with greater taper or
aggressive cutting action may result in more dentin
removal, particularly in the coronal and middle thirds,
whereas flexible instruments may influence the apical
region more significantly.

Advancements in imaging technologies have enabled
more accurate evaluation of retreatment outcomes. Cone-
beam computed tomography (CBCT) has been widely
used for non-destructive assessment of remaining dentin
thickness and canal morphology.™**! Additionally, three-
dimensional volumetric analysis using software such as

3D Slicer allows precise quantification of residual filling
material, thereby improving the reliability and
reproducibility of results.”

Although numerous studies have evaluated retreatment
systems and obturation techniques independently, there is
limited literature assessing their combined effect on both
removal efficiency and dentin preservation. Therefore,
the present in vitro study was undertaken to
comparatively evaluate the remaining dentin thickness
and the removal of root canal filling material using two
obturation  techniques lateral compaction and
thermoplasticized injectable technique (C-Fill) in
combination with two retreatment file systems Hyflex
Remover and Endostar REvision.

MATERIALS AND METHODS

This in vitro study was conducted on a total of 60
extracted human mandibular premolars with single roots,
single canals, and completely formed apices.
Preoperative intraoral periapical radiographs were taken
to confirm canal morphology. Teeth with resorption,
calcified canals, fractures, multiple canals, open apices,
or previously obturated canals were excluded from the
study. Soft tissue remnants, plaque, and calculus were
removed using an ultrasonic scaler, and the samples were
stored in 0.9% normal saline until further use.

For standardization, all selected teeth were decoronated
to obtain a uniform root length of 16 mm, measured from
the apex. Sectioning was performed perpendicular to the
long axis of the tooth using a diamond disc under
copious water irrigation. Working length was established
using a size #15 K-file by subtracting 1 mm from the
apical foramen and confirmed radiographically. Root
canal preparation was carried out using the ProTaper
Gold rotary system (Dentsply Sirona, Ballaigues,
Switzerland) up to size F3, following the manufacturer’s
instructions with an electronic endomotor. Apical
patency was maintained using a size #10 K-file.
Irrigation was performed using 5.25% sodium
hypochlorite, 17% EDTA, and normal saline, followed
by a final rinse with 2% chlorhexidine. The canals were
then dried with absorbent paper points.
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Fig 1: (a)Teeth de-crowned with a double-sided diamond disc using a low-speed hand piece, (b) root canal length
standardized at 16mm, (c) Apical patency was obtained by K-file size #15 (Mani Inc., Utsunomiya, Tochigi,

Japan.), (d) WL confirmed radiographically.

The specimens were randomly divided into two groups
(n = 30) based on the obturation technique employed.
Group 1 was obturated using the lateral compaction
technique, while Group 2 was obturated using the
thermoplasticized injectable technique with the C-Fill
obturating system ((COXO, Guangdong China
Mainland). In both groups, gutta-percha was used along
with AH Plus sealer (Dentsply Sirona, Konstanz,
Germany). The quality and apical extent of obturation
were verified using digital radiographs in both

(®)
Fig 2: (a) Obturation done with lateral compaction, (b) Obturation using C-Fill system, (c) Specimen mounted
on wax block, (d) and (e) CBCT scan and images obtained post obturation.

CBCT imaging was performed using a high-resolution
dental mode. The acquired images were reconstructed in
axial, coronal, and sagittal planes using Carestream CS
3D imaging software.

Following obturation, the samples in each group were
further randomly subdivided into two subgroups (n = 15)
based on the retreatment file system used. Subgroups 1A

buccolingual and mesiodistal directions. The access
cavities were sealed with a temporary restorative
material, and the specimens were mounted on wax
blocks (four teeth per block). These blocks were
stabilized and subjected to cone-beam computed
tomography (CBCT) scanning using the Carestream CS
9600 system to record baseline root canal volume and
remaining dentin thickness. The specimens were then
stored at 37°C and 100% humidity for two weeks to
allow complete setting of the sealer.

and 2A were retreated using the Hyflex Remover system,
while subgroups 1B and 2B were retreated using the
Endostar REvision system. Retreatment procedures were
carried out according to the manufacturers’ instructions.
Hyflex Remover files were operated in continuous
rotation at 400-800 rpm with a torque of 2.5 Ncm. The
Endostar REvision system was used in a sequence
starting with 30/.08 for the coronal third followed by
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25/.06 for the middle and apical thirds at 300 rpm and
2.0 Ncm torque.

No chemical solvents were used during retreatment.
Irrigation was performed using 15 ml of 5.25% sodium
hypochlorite, followed by 3 ml of 17% EDTA and 2 ml

of distilled water. Retreatment was considered complete
when the working length was reached, the canal walls
appeared smooth, and no visible remnants of filling
material were observed on the instruments or during
irrigation.

(@) (b)

(©)

Fig 3: (a) Retreatment using Hyflex remover, (b) Retreatment using Endostar REvision file system, (¢) CBCT

done post removal of obturation.

Post-retreatment CBCT scans were obtained under the
same conditions as the preoperative scans. The
specimens were repositioned in the same orientation
using wax blocks to ensure reproducibility. Remaining
dentin thickness (RDT) was measured at three levels—3
mm, 6 mm, and 9 mm from the apex using CS 3D

(@)

imaging software on axial sections. Volumetric analysis
of residual filling material was performed by comparing
pre- and post-retreatment scans using 3D Slicer software
(version 5.8.1), with measurements taken in all three
planes relative to the long axis of the tooth to minimize
error.

> mm

(b)

Fig 4: (a) and (b) Measurement of dentin thickness from axial view for groupl.

3.0 mm

(@)

08 mm

(b)

Fig 5: (a) and (b) Measurement of dentin thickness from axial view for group2.
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RESULTS

All groups demonstrated a statistically significant
reduction in remaining filling material following
retreatment (p < 0.001). The Lateral Compaction +
Hyflex Remover group showed the greatest reduction in
RFM (mean reduction: 21.13), followed by Lateral
Compaction + REvision (19.60). Among the Obtura
groups, Obtura Il + Hyflex (15.47) exhibited better
removal efficiency compared to Obtura Il + REvision
(13.00). Overall, retreatment using the Hyflex system
resulted in more effective removal of filling material
compared to the REvision system, irrespective of the
obturation technique. (Table 1)

A statistically significant difference in post-operative
RFM was observed among the four groups (ANOVA, p <
0.001). The lowest mean RFM was seen in the Lateral
Compaction + Hyflex group (2.47 + 0.52), whereas the
highest was observed in the Obtura Il + REvision group
(9.00 = 0.76). Intermediate values were noted for Lateral
+ REvision and Obtura + Hyflex groups. These findings
indicate that both the obturation technique and
retreatment system significantly influence the efficiency
of filling material removal, with the combination of
lateral compaction and Hyflex being the most effective.
(Table 2)

In all groups, a reduction in remaining dentin thickness
was observed following retreatment across both
mesiodistal and buccolingual directions at all root levels.
Most comparisons demonstrated statistically significant
reductions (p < 0.001), indicating dentin removal during
retreatment procedures. The Hyflex system consistently
showed greater reduction in dentin thickness, particularly
in the mesiodistal direction and at apical levels,
suggesting more aggressive dentin removal. In contrast,
the REvision system exhibited comparatively smaller
reductions in dentin thickness, indicating a more
conservative approach in preserving root dentin.

Although some reductions were numerically small, the
overall trend across all groups confirms that retreatment

procedures result in measurable dentin loss, with
variations depending on the file system and obturation
technique used. (Table 3)

Table 4 shows Intergroup comparison revealed
statistically significant differences in remaining dentin
thickness among the four groups at all evaluated levels,
except at the 6 mm buccolingual level (p = 0.604), where
no significant difference was observed.

In the mesiodistal direction, the REvision groups
consistently demonstrated greater remaining dentin
thickness compared to the Hyflex groups at 3 mm, 6 mm,
and 9 mm levels (p < 0.001), indicating better dentin
preservation. Similarly, in the buccolingual direction,
REvision showed higher dentin thickness at most levels,
particularly at the coronal and apical thirds.

These findings suggest that while the Hyflex system is
more efficient in removing filling material, it is
associated with greater dentin removal. In contrast, the
REvision system preserves more dentin, highlighting a
trade-off between cleaning efficiency and dentin
conservation.

The present study demonstrates that both obturation
technique and retreatment file system significantly
influence retreatment outcomes. The Hyflex system
showed superior efficacy in removing root canal filling
material but was associated with greater dentin removal.
Conversely, the REvision system preserved more dentin
thickness, though with comparatively reduced cleaning
efficiency. Lateral compaction technique, when
combined with Hyflex, yielded the most favorable results
in terms of filling material removal. These findings
highlight the importance of selecting an appropriate
retreatment system to achieve an optimal balance
between effective cleaning and preservation of tooth
structure.

Table 1: Comparison of Remaining Filling Material (RFM) Before and After Retreatment Across Study Groups.

] Hyflex Remover | 15 | 23.60 + 1.12 2.47 0.52 2113 | 0.001*
Compaction
Lateral Endostar REvision | 15 | 23.61+1.12 4.00 +0.76 19.60 | 0.001*
Compaction
Obtura Il Hyflex Remover | 15 | 22.00 + 0.76 6.53 + 0.5 1547 | 0.001*
Obtura Il Endostar REvision | 15 | 22.00 +0.76 9.00 £0.76 1300 | 0.001*

*Statistically significant

Table 2: Intergroup Comparison of Post-operative Remaining Filling Material (ANOVA and Tukey Post-hoc).

Lateral + Hyflex 247 +0.52
Lateral + REvision | 4.00 +0.76 0.001*
Obtura + Hyflex 6.53 +0.52 '
Obtura + REvision | 9.00 + 0.76
*Statistically significant
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Table 3: Intragroup Comparison of Remaining Dentin Thickness (RDT) Before and After Retreatment.

3mm| MD 0.10 577 | 0.001*
6mm | MD 0.18 16.83 | 0.001*

Lateral + Hyflex  |_2MM | MD 0.07 6.20 | 0.001%
3mm BL 0.18 16.83 | 0.001*

6 mm BL 0.15 1150 | 0.001%

9mm BL 0.10 577 | 0.001

3mm | MD 0.20 10.39 | 0.001*

6mm | MD 0.10 775 | 0.001*

Lateral + REvision LU M e RS 005
3mm BL 0.10 775 | 0.001*

6 mm BL 0.18 16.83 | 0.001*

9mm BL 0.10 775 | 0.001*

3mm | MD 0.17 1466 | 0.001%

6mm | MD 0.17 1466 | 0.001%

9mm | MD 0.07 6.20 | 0.001%

G R pr—" BL 0.10 6.45 | 0.001*
6 mm BL 0.10 6.45 | 0.001

9mm BL 0.07 6.20 | 0.001*

3mm | MD 0.07 6.20 | 0.001*

6mm | MD 0.07 6.20 | 0.001*

_ [9mm|[ ™MD 0.05 350 | 0.004*

G S p— BL 0.10 447 | 0.001*
6 mm BL 0.10 447 | 0.001*

9mm BL 0.07 6.20 | 0.001*

*Statistically significant

Table 4: Intergroup Comparison of Post-operative Remaining Dentin Thickness (RDT).

3 mm MD 0.84+0.11 1.04+0.11 0.83 £ 0.05 1.41 +0.07 0.001*
6 mm MD 1.35+0.05 1.45+0.05 1.33+0.08 1.51+0.07 0.001*
9 mm MD 2.07 £ 0.08 2.25+0.05 1.83+0.08 2.23+0.08 0.001*
3 mm BL 2.52+0.09 3.00 £ 0.07 245+0.12 2.80£0.20 0.001*
6 mm BL 3.05 £ 0.05 3.57+£0.04 3.05%0.12 3.08 £0.16 0.604
9 mm BL 3.20 £ 0.08 3.66 £0.11 2.73+£0.12 3.68+0.14 0.001*

*Statistically significant

DISCUSSION

The present in vitro study was undertaken to evaluate the
influence of obturation techniques and retreatment file
systems on the efficiency of removal of root canal filling
material and preservation of remaining dentin thickness.
Successful endodontic retreatment relies not only on the
effective elimination of obturating material but also on
maintaining the structural integrity of the root dentin, as
excessive removal may predispose the tooth to fracture.

In the current study, the lateral compaction technique
demonstrated significantly better retrievability of filling
material compared to the thermoplasticized Obtura (C-
Fill) system. This finding is in agreement with the
observations of Sari and Yilmaz™, who reported that
thermoplasticized obturation techniques tend to leave
more residual filling material after retreatment due to
their better adaptation to canal walls and deeper
penetration into dentinal tubules. Similarly, Pedulla et
al.'”! emphasized that obturation techniques influence
the retreatment process by affecting the compactness and

distribution of gutta-percha within the canal system. The
more homogeneous mass created by thermoplasticized
systems, while advantageous for sealing, can hinder
complete removal during retreatment.

With respect to retreatment systems, the Hyflex Remover
exhibited superior efficiency in removing root canal
filling material, as evidenced by the lowest residual
filling material in the lateral compaction + Hyflex group.
This finding is consistent with the results reported by
Valan et al.®l, who demonstrated improved removal
efficiency of the HyFlex system using nano-computed
tomography analysis. Similarly, Singh et al.*™"! reported
that heat-treated NiTi retreatment systems show
enhanced ability for gutta-percha removal due to
improved flexibility and better canal adaptability. The
controlled memory property of Hyflex instruments
allows them to conform closely to canal irregularities,
thereby facilitating more effective debridement.
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However, efficient removal of filling material must be
balanced against dentin preservation. The present study
revealed that the Endostar REvision system caused
greater dentin removal in the coronal and middle thirds,
whereas the Hyflex Remover system resulted in
increased dentin removal in the apical third. These
findings are partially in agreement with Kulkarni et al.™
and Sneha et al.®! who reported that different
retreatment systems exhibit variable effects on remaining
dentin thickness depending on their design, taper, and
cutting efficiency. Instruments with larger tapers and
more aggressive cutting edges tend to remove more
dentin, particularly in the coronal portion of the canal.

The increased dentin removal observed with the Endostar
REvision system in the coronal and middle thirds may be
attributed to its higher taper and cutting efficiency, which
can lead to more dentin removal during coronal flaring.
This observation is supported by Suresh et al.', who
noted that certain heat-treated rotary systems may cause
significant dentin loss due to their aggressive design
characteristics. On the other hand, the greater dentin
removal in the apical third by the Hyflex system could be
explained by its enhanced flexibility, allowing deeper
penetration and more engagement of the apical canal
walls. A similar trend has been noted in studies by
Sowmya et al.[*, where flexible NiTi instruments showed
increased shaping ability in the apical region, albeit with
potential dentin loss.

The use of advanced imaging modalities in this study
strengthens the reliability of the findings. CBCT-based
evaluation of remaining dentin thickness has been widely
accepted as a non-destructive and accurate method, as
demonstrated by Kulkarni et al.™! and Kapasi et al.**
Additionally, volumetric analysis using 3D Slicer
software provided precise quantification of residual
filling material, reducing possible observational bias.
Abraham et al.ll also emphasized the importance of
advanced imaging techniques, such as confocal
microscopy and CBCT, in accurately assessing
retreatment outcomes.

Despite the advancements in retreatment systems,
complete removal of filling material remains
challenging. As highlighted by Isa et al.E!, no single
system can achieve complete cleanliness of the root
canal system. This is consistent with the findings of the
present study, where residual material was observed in
all groups, although in varying amounts.

Overall, the findings of this study emphasize that both
obturation technique and retreatment system significantly
influence retreatment outcomes. While thermoplasticized
obturation techniques may enhance sealing ability, they
compromise retrievability. Similarly, while advanced
rotary retreatment systems improve efficiency, they may
lead to undesirable dentin removal depending on their
design and site of action within the canal.

CONCLUSION

Within the limitations of this in vitro study, it can be
concluded that both the obturation technique and the
retreatment file system significantly influence the
efficiency of removal of root canal filling material as
well as the preservation of remaining dentin thickness.
The combination of lateral compaction and Hyflex
Remover demonstrated the highest retreatment efficacy,
with the least amount of residual filling material. In
contrast, the Obtura (C-Fill) technique in conjunction
with the Endostar REvision system exhibited the lowest
removal efficiency.

Furthermore, the pattern of dentin removal varied
between the retreatment systems, with the Endostar
REvision system causing greater dentin loss in the
coronal and middle thirds, while the Hyflex Remover
system resulted in increased dentin removal in the apical
third. These findings underscore the need for a balanced
clinical approach that ensures effective removal of
obturating material while minimizing unnecessary loss of
dentin, thereby preserving the structural integrity and
long-term prognosis of endodontically treated teeth.

CLINICAL SIGNIFICANCE

Understanding the interaction between obturation
techniques and retreatment systems can help clinicians
select appropriate strategies that maximize removal of
filling material while preserving dentin, thereby
improving the long-term prognosis of endodontically
treated teeth.
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