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ABSTRACT
Objective: The primary objective of instrumentation during retreatment is to preserve the original curvature of 
the canal while removing gutta-percha. The current study assesses the canal transportation after retreatment 
with two different retreatment file systems. Materials and Methods: Sixty single-rooted teeth, extracted and 
decoronated, were obturated at a standardized root length of 16 mm. The samples were then divided into two 
groups, each comprising 20 single-rooted teeth. The instrumentation was performed using Solite RS3 Retreatment 
files for one group and ProTaper Retreatment files for the other. After both pre-operative and post-operative 
nano-CT scans, 3D reconstruction was conducted for analysis. Sections of the pre-operative and post-operative 
samples were taken at 7 mm, 5 mm, and 3 mm and 1 mm from the apex to calculate the canal transportation. 
Statistical analysis between the two groups was carried out using an independent t-test. Results: Solite RS3 
retreatment files exhibited a statistically significant difference at all three levels (p < 0.05) when compared 
to ProTaper retreatment files, thus showing lesser canal transportation than the latter. Conclusion: Based on 
the above results, it can be concluded that Solite RS3 induced minimal canal transportation and resulted in a 
relatively centered preparation compared to the ProTaper Retreatment system.
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RESUMO
Objetivo: O objetivo principal da instrumentação durante o retratamento é preservar a curvatura original do canal 
durante a remoção da guta-percha. O presente estudo avalia o desvio do canal após o retratamento endodôntico 
com dois sistemas de limas de retratamento diferentes. Material e Métodos: Sessenta dentes uniradiculares, 
extraídos e com as coroas removidas, foram obturados em um comprimento de raiz padronizado de 16 mm. As 
amostras foram então divididas em dois grupos, cada um com 20 dentes uniradiculares. O preparo biomecânico 
foi realizado utilizando limas de retratamento Solite RS3 para um grupo e limas de retratamento ProTaper 
para o outro. Após o escaneamento pré e pós-operatórias no nano-CT, a reconstrução 3D foi conduzida para 
análise. Secção das amostras pré e pós-operatórias foram retiradas a 7 mm, 5 mm e 3 mm e 1mm do ápice para 
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INTRODUCTION

The prognosis of a root canal treatment 
is dependent on the complete elimination or, 
at the very least, a substantial reduction in 
bacterial load [1]. However, multiple studies have 
confirmed the development of apical periodontitis 
in 30 to 44.9% of root canal-treated teeth [2,3]. 
In such cases, the preferred and recommended 
line of treatment is non-surgical endodontic 
retreatment [4] Over the years, many methods 
including manual instrumentation, rotary 
systems, ultrasonics, and reciprocation systems 
have been used to eliminate the previously 
existing filling material [5]. Ongoing research 
and advancements in both instrument design 
and techniques have resulted in the development 
of numerous retreatment file systems. Several 
variables, such as surface treatment, active 
cutting tip, cross-sectional design, cutting 
angle, and taper significantly influence the 
effectiveness of these systems and the duration 
of gutta-percha removal (GP) [6]. In cases of 
non-surgical endodontic retreatment, after 
retrieving the previous filling material, the canal 
must be enlarged and debrided sufficiently to 
allow adequate disinfection while maintaining 
the canal curvature. [7] Nickel-titanium (NiTi) 
instruments have proven to be more effective 
in shaping the root canals in comparison to 
manual instrumentation [8]. Their use ensures 
the preservation of the canal anatomy and 
the precise positioning of the apical foramen, 
resulting in well-tapered root canal preparations. 
During cleaning and shaping procedural errors 
such as ledge formation, canal blockage, apical 
transportation, and root perforations tend to occur 
which decreases the success rate of endodontic 
retreatment [9,10]. Excessive dentin removal 
results in the tooth being more susceptible to 
root fractures, especially if additional forces 
are used during the obturation or restoration 
stage [11]. When canal preparation is off-
centric, the excessive removal of dentin from 

one side causes a change in stress distribution 
in the buccolingual plane and increased root 
flexure [12]. A vertical root fracture of the 
tooth is made more likely by this change in the 
distribution of radicular stress from the cervical to 
the apical dentin [12]. Transportation, as defined 
by the American Association of Endodontists 
in The Glossary of Endodontic Terms (2015), 
refers to the removal of the canal wall structure 
on the outer curve in the lower half of the canal. 
This occurs because files have a tendency to 
return to their original straight shape during the 
preparation of the canal. Apical transportation 
will result in difficulty in obtaining a stop for 
apical gutta-percha, incorrect apical seal, and 
even extrusion of irrigants and sealers which 
may adversely affect the periodontium [13]. 
Root canal treatment failure includes inadequate 
obturation, inadequate cleaning, shape, 
disinfection, instrument separation, presence 
of a persistent periapical lesion, and violation 
of the apical foramen [14,15]. In recent years, 
numerous retreatment systems have become 
available, and this study specifically evaluates two 
retreatment file systems: Solite RS3 Retreatment 
file system (Solite Dental, India) and ProTaper 
Universal Retreatment (Dentsply Maillefer, 
Ballaigues, Switzerland). Each of these systems 
comprises three files, with each file specifically 
designated for the removal of gutta-percha 
from the coronal, middle, and apical thirds of 
the root canal. The ProTaper Retreatment files 
(Dentsply Maillefer, Ballaigues, Switzerland) 
have been thoroughly studied in the past for 
their effectiveness and safety in both straight 
and curved canals [16-21]. The current study 
evaluates the effect of different metallurgy-based 
retreatment file systems on canal transportation 
during gutta percha retrieval utilizing nano-
computed tomography. Nano-CT represents a 
technological advancement over conventional 
micro-computed tomography, with a significantly 
reduced focal spot size of 400 nm compared to the 

calcular o desvio do canal. A análise estatística entre os dois grupos foi realizada através do teste t independente. 
Resultados: As limas de retratamento Solite RS3 exibiram uma diferença estatisticamente significativa em todos 
os três níveis (p < 0,05) quando comparadas às limas de retratamento ProTaper, mostrando, portanto, menor 
desvio de canal do que estas últimas. Conclusão: Com base nos resultados acima, pode-se concluir que as limas 
Solite RS3 induziu o desvio de canal mínimo e resultou em uma preparação relativamente centralizada em 
comparação ao sistema de retratamento ProTaper.

PALAVRAS-CHAVE
Desvio de canal; Nano-CT; Espessura de dentina remanescente; Retratamento; Solite RS3.
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latter’s range of 5–50 μm [22]. This advancement 
ensures a more precise scan for assessing dentin 
thickness and therefore canal transportation. 
The study aims to superimpose the nano-CT scans 
obtained before and after the removal of filling 
material, analyzing the canal transportation 
remaining at 1 mm, 3 mm, 5 mm, and 7 mm from 
the apex. The null hypothesis posits that there is 
no disparity in canal transportation at different 
levels between the two retreatment systems.

MATERIALS AND METHODS

This study was done following the PRILE 
guidelines as described in Flowchart 1 [23] 
The sample size for the present study was 
calculated from a previous study which assessed 
canal transportation between two retreatment 
file systems using Cone Beam Computerised 
Tomography [24]. Based on the assessment a 
total sample size of 60 was calculated at a power 
of 95% (1 - β = 0.95, α = 0.05).

Sixty single-rooted teeth with straight canals 
(curvature of less than 5 degrees) [25] were 
chosen for this study. Teeth with pulp stones, 
resorptive defects, previous root canal therapy, 
cracks, and fractures were excluded from the 
study. Radiographic assessments were conducted 
on each tooth to identify any deformities, and 
those with deformities were excluded. To establish 
a consistent working length of 16 mm [26], 
the teeth were subjected to decoronation using 
diamond discs. The access was subsequently 
established using an Endo Access Bur 2 (Dentsply 
Maillefer, Ballaigues, Switzerland). A 2.5 mL 
solution of 3% sodium hypochlorite (Prime Dental, 
India) was used to clean the canal. To verify 
that the canal is clear, 10K files (Mani, Japan) 
were used until the end of the file could be seen 
at the tip of the tooth apex, and the working 
length was estimated to be 0.5 mm less than 
this measurement. For the chemomechanical 
preparation, ProFit S3 (ProFit Dental, India) 
[27,28] was employed up to PF3, with irrigation 
using 2.5 mL of 3% sodium hypochlorite between 
each file. After drying the canals with paper points, 
root canal filling was performed using PF3 gutta-
percha(GP) cones (ProFit Dental, India) and AH 
Plus sealer (Dentsply DeTrayGmBH, Konstanz, 
Germany) employing the single cone matched 
taper technique. Excess gutta-percha at the canal 
orifice level was removed using a heated plugger. 
The adequacy of the filling was assessed through 

periapical radiographs, ensuring homogeneity and 
the absence of voids. Insufficient root canal fillings 
were replaced after removal. Orifices were sealed 
with a composite restoration (Neospectra ST, 
Dentsply Sirona, USA). The specimens were stored 
for two weeks in a 1.5-mL graduated Eppendorf 
microcentrifuge tube that was filled with distilled 
water. The storage temperature was consistently 
maintained at 37°C, while the humidity level was 
consistently maintained at 100%. This storage 
condition was necessary to guarantee that the 
sealer completely solidified. A solitary operator 
conducted all endodontic treatments.

Nano- CT scanning

The Bruker SKYSCAN2214 scanner from Bruker 
Micro-CT in Kontich, Belgium, known for its high 
precision, was employed for scanning the prepared 
specimens. Scan parameters comprised 100 kV 
(10W and 100A), 1100 ms exposure, and a flat 
panel detector with 360° rotation and 0.3° rotation 
step. The NRecon software from Bruker-microCT 
in Kontich, Belgium, utilizing a modified Feldkamp 
cone-beam reconstruction algorithm, was utilized 
for image reconstruction. The original grayscale 
images underwent fine-tuning functions, such as a 
Gaussian filter (smoothing, kernel = 2), 40% beam 
hardening correction, 0.50 post-alignment, and 
ring artifact correction of 10 to address potential 
acquisition misalignment. The image was then 
scaled to a fixed row and column size of 1944 x 
3072, with a pixel size of 11999.58 nm.

Retreatment procedure

Sixty samples (N=60) were randomly 
allocated into each of the two categories of 
specimens. Group 1 underwent retreatment 
using the Solite RS3 (n=30) retreatment file 
system (Solite Dental, India), while Group 
2 received retreatment with the ProTaper Universal 
retreatment file systems (n=30) (Dentsply 
Maillefer, Ballaigues, Switzerland). Both systems 
included files for the coronal, middle, and apical 
thirds of the root canal system GP retrieval.

Specifications of the retreatment files

●	 Solite RS3: RS1 (30/.08, 15 mm), RS2 
(25/.07, 18 mm), RS3 (20/.06, 23 mm)

● ProTaper Retreatment File System: D1 
(30/.09, 16 mm), D2 (25/.08, 18 mm), D3 
(20/.07, 22 mm)
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Flowchart 1 - Methodology flowchart according to PRILE guidelines. 

Manufacturer instructions were followed, 
and no solvent was used during the procedure. 
Irrigation was performed using 3% sodium 
hypochlorite- 2.5mL. After the final file use, the 
canals were irrigated again with 3% sodium 
hypochlorite 10 mL, followed by regular saline 
10 mL, and dried with paper points. Files were 
discarded after four uses or when noticeable 
changes were observed in the flutes.

Retreatment was considered complete 
when files reached the working length, dentinal 
walls were smooth, and no filling material was 
visible under an optical microscope. A second 
scan of each sample was conducted using the 
SKYSCAN2214 scanner with the same settings.

Nano-CT imaging analysis and measurements

Sections of the tooth at 1 mm, 3 mm, 5 mm, 
and 7 mm levels from the apex were made to 
both preoperative and postoperative scans as 
described by Gambill et al. [29] To assess the 
apical transportation, the distance from the 
margin of the filled samples to the external root 
border was calculated. The same measurements 
were then repeated after GP retrieval.

Canal transportation is measured as (m1 - 
m2) - (d1 - d2), where m1, d1 are the shortest 
distances from the mesial and distal edges of 
the root, respectively, to the related edges of 
the filled canal, and m2, d2 are the shortest 
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distances from the mesial and distal edges of 
the root, respectively, to the related edges of the 
canal after GP retrieval by Gambill et al. [29] Pre 
and post-measurements of canal transportation 
for Solite RS3 is represented in Figure 1 and 
for ProTaper Retreatment is represented in 
Figure 2 using Nano CT respectively.

Statistical analysis

SPSS software (IBM Corp, SPSS Inc, Chicago, 
IL, USA) version 23 was used for statistical data 
analysis. Normality was assessed using the 
Shapiro-Wilk test, and as the results were found 
to be parametric, the independent t-test was 
applied at a 95% confidence interval.

RESULTS

The mean canal transportation and standard 
deviation values (μm) at the 3 levels for both 
the file systems respectively are represented in 
Table I. The results show that Solite RS3 showed 
lesser deviation from original canal morphology 
than ProTaper retreatment at the 4 levels - 1 mm, 
3 mm, 5 mm, and 7 mm from the apex (p<0.05).

DISCUSSION

E n s u r i n g  a  s m o o t h  a n d  t a p e r e d 
preparation from the canal orifice to the apex 
while simultaneously preserving the canal 
morphology presents a challenge in the context 
of endodontic retreatment, as the canal has 
already undergone instrumentation by the 
previous operator [30].  Endodontic literature 
has consistently re-established that canal 
instrumentation often results in the straightening 
of the canal, leading to a modification of the initial 
canal anatomy [31]. Typically, this straightening 
manifests on the outer canal wall, resulting in a 
preparation that exhibits slight deviation towards 
one side [32]. The current study evaluates canal 
transportation in standardized samples with 
relatively straight canals during retreatment to 
discern the degree to which the retreatment 
system influences such deviations, considering 
that the shaping of canals is considerably less 
operator-dependent due to the canals being 
relatively straight. The canal transportation is 
calculated at different specified levels: 1 mm, 
3 mm, 5 mm, and 7mm from the apex, adhering to 
the standard methodology adopted in computed 
tomography analysis [29].

Figure 1 - Represents the measurement of the shortest distance 
between the canal and edge of the root pre and pos retreatment 
using Solite RS3 system.

Figure 2 - Represents the measurement of the shortest distance 
between the canal and edge of the root pre and pos retreatment 
using ProTaper Universal retreatment system.
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Nano-CT employs a high-power nanofocus 
X-ray source for accurately characterizing and 
quantifying tissue microarchitectures [33]. 
While micro-CT has long been regarded as the 
gold standard for analyzing shaping ability 
and obturation quality, recent studies highlight 
the nuanced capabilities of nano-CT, capable 
of detecting changes that micro-CT may not 
precisely determine, which is why the present 
study has chosen this modality for analysis [34].

The introduction of NiTi alloys revolutionized 
endodontic treatment, significantly enhancing the 
quality of root canal procedures [35]. Despite their 
numerous advantages, such as super elasticity 
and preservation of original canal morphology, 
NiTi alloys exhibit an undesirable shape memory 
effect [36,37]. This effect, likely responsible for 
root canal transportation, can lead to a loss in 
centering ratio and alteration of the original 
canal anatomy. Consequently, certain areas 
of the canal may remain untouched, resulting 
in dentin loss and inefficient cleaning [38]. 
To address these challenges, thermal treatment of 
NiTi alloys was introduced to enhance flexibility, 
increase cyclic and torsional fatigue resistance, 
and eliminate the undesirable shape memory 
effect [39,40] [41]. This thermal treatment 
renders the instruments more deformable with 
pseudo-elasticity, introducing a controlled 
memory effect [41]. Instruments subjected to 
thermomechanical treatment reduce root canal 
transportation by avoiding the straightening of 
curved root canals during preparation [42].

The observed statistical disparity in apical 
transportation between the Solite RS3 and 
ProTaper Universal retreatment systems can be 
attributed to its thermomechanical treatment. 
The Solite RS3 file, being heat-treated, exhibits 

better flexibility, and its taper is less than that 
of ProTaper, leading to dentine preservation 
and preventing canal transportation. The D3 file 
in the ProTaper Universal retreatment system 
has a 7% taper at the tip, causing the file to be 
stiff and leading to an off-centered preparation 
in comparison to Solite RS3 while aside from 
its thermomechanical treatment, has a taper 
of 6% at the tip [43]. This discrepancy results 
in the observed difference in dentin loss and 
transportation at the apical level. The lower canal 
centering ability also implies reduced remaining 
dentin thickness on one side of the root, as 
established by the literature, which indicates 
that retreatment induces more dentinal defects 
compared to primary endodontic treatment [44].

In addition to achieving clinical success 
outcomes by reducing bacterial load and attaining 
a sound coronal and apical seal, clinicians should 
consider the long-term durability of the treated 
tooth to prevent catastrophic failures, such as 
vertical root fractures. Endodontically treated 
teeth are predisposed to a higher susceptibility 
to fractures, primarily attributed to alterations 
in canal curvature, cross-section, and the loss 
of circumferential dentin, thereby influencing 
stress distribution across the root dentin [45-47]. 
The choice of retreatment system plays a crucial 
role in determining the extent of dentinal 
loss, and higher taper systems, like ProTaper, 
may contribute to increased root flexure and 
susceptibility to vertical root fractures [48]. Even 
the choice of glide path and operator experience 
clinically alters the pain [49,50].

The ProTaper Retreatment system remains 
widely tested and used as it was the first retreat-
ment file system to be introduced, prompting the 
present study to compare its efficacy with the 

Table I - Represents the Mean and standard deviation values (μm) of the canal transportation for both the groups at 1 mm, 3 mm,5 mm, and 7 
mm respectively. At all levels, Solite RS3 showed a statistically significant difference compared to ProTaper retreatment files (p<0.05)

Groups Mean ± Std. Deviation (μm) p value

At 7 mm from apex
Solite RS3 0.0220 ± 0.0154

p = 0.011*
ProTaper Retreatment 0.0410 ± 0.0347

At 5 mm from Apex
Solite RS3 0.0280 ± 0.0139

p = 0.029*
ProTaper Retreatment 0.0340 ± 0.0217

At 3 mm from Apex
Solite RS3 0.0270 ± 0.0116

p = 0.012*
ProTaper Retreatment 0.0320 ± 0.0204

At 1 mm from Apex
Solite RS3 0.0260 ± 0.0084

p = 0 .002*
ProTaper Retreatment 0.0300 ± 0.0182

*Indicates statistically significant difference (p<0.05).
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relatively new Solite RS3 system. Although the 
current study assesses apical transportation in 
relatively straight canals, other parameters such 
as remaining filling material, remaining dentin 
thickness after retreatment, and crack propaga-
tion need evaluation to determine the optimal 
file system for retreatment, posing a limitation 
to the study.

It is essential to acknowledge that, compared 
to micro-CT, nano-CT imaging significantly taxes 
computer processing. The study’s inability to use 
the nanofocus mode due to physical limitations 
in root size adds to this consideration. Further 
research incorporating multiple retreatment 
file systems and curved canals is recommended 
to validate and extend these findings. Based 
on the findings presented, it is reasonable to 
conclude that Solite RS3 induces minimal canal 
transportation and yields a more centrally 
positioned preparation compared to the ProTaper 
Retreatment system. The observed attributes of 
Solite RS3, including its heat treatment and lower 
taper, position it as a promising retreatment file 
system. These features contribute to effective 
gutta-percha removal while concurrently 
preserving dentin integrity.

CONCLUSION

Based on the findings presented, it is 
reasonable to conclude that Solite RS3 induces 
minimal canal transportation and yields a more 
centrally positioned preparation compared to 
the ProTaper Retreatment system. The observed 
attributes of Solite RS3, including its heat 
treatment and lower taper, position it as a 
promising retreatment file system. These features 
contribute to effective gutta-percha removal 
while concurrently preserving dentin integrity.
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