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Abstract
Aim: Gutta-percha (GP) is removed from root canals by me-
chanical instrumentation used in conjunction with solvents 
such as Xylene and Eucalyptus oil. This study used textural 
analysis to test changes in the penetrability and hardness 
of Conventional GP, Thermafil® and Guttacore™ when ex-
posed to these solvents: rigidity was used for hardness and 
deformation energy and resilience for penetrability.

Methods: GP cones (n=81) were tested prior to, and 
following, solvent exposure. For each outcome variable, 
results were tabulated by group. Between-group differ-
ences were assessed employing a General Linear Model, 
with the outcome as the dependent variable and the sol-
vent, GP type and solvent-GP type interaction as the in-
dependent variables. 

Results: Significant differences in rigidity and deformation 
energy were observed. Resilience decreased in Thermafil 
and Guttacore, but increased in Conventional GP. A great-
er reduction in the hardness of Thermafil was observed 
with Eucalyptus oil. Conventional GP was susceptible to 
both solvents but penetrability decreased with Xylene. 
Guttacore was significantly altered by both solvents. 

Conclusions: Considering the toxicity profile of Xylene, 
and the biocompatibility and antimicrobial effects of Eu-
calyptol, Eucalyptus oil is recommended for use during 
endodontic retreatment. 
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INTRODUCTION
An important stage in endodontic therapy is the three-
dimensional filling of the root canal system to provide 
as perfect a seal as possible to aid periapical repair.1,2 
Since its introduction as a root filling material by Bowman 
in 1867, gutta-percha (GP) has remained the material of 
choice, and has thus been synonymous with endodontic 
obturation.3 Endodontic therapy is dependent on multiple 
factors, and, even when meticulously performed, can fail, 
resulting in the need for retreatment.4,5

An important objective of endodontic retreatment is the 
removal of the GP filling material from the canal(s) to re-
gain access to the apical foramen or foramina.6 Whilst me-
chanical instrumentation serves as the primary method of 
GP removal, many studies have shown that this alone is 
insufficient, for it allows  residual GP material to remain 
in the canal.7,8 Thus, chemical solvents were proposed to 
serve as adjuncts to mechanical removal.9 These solvents 
soften and partially dissolve GP, rendering it more ame-
nable to removal with mechanical instruments, thereby 
decreasing the risk of perforation.10

Advances in endodontic retreatment have also lead to 
changes in the solvents used. Chloroform and Halothane 
were the solvents of choice for many years as they were the 
most effective in dissolving endodontic sealants.11,12 How-
ever, due to the related toxicity and carcinogenicity of these 
solvents, clinicians have sought suitable alternatives.13-17  

To date, several studies have quantified the dissolving ca-
pacity of a solvent by measuring the weight of GP before 
and after exposure to it, but none sought to test changes in 
the physical properties.18-20 Such alterations in the material 
following solvent exposure are important as they can make 
removal by mechanical instrumentation easier, or, indeed, 
more difficult. Properties such as hardness and penetrability 
are particularly important as mechanical files are required to 
engage the GP in the root canal to allow its removal.
 
The hardness of a material refers to its ability to resist 
indentation, which affects the mechanical file’s ability to 
engage the GP in the root canal. Penetrability is difficult 
if not impossible to measure directly, but deformation en-
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ergy and resilience can serve as its proxies. Deformation energy is 
the energy required to deform a material during penetration, whilst 
resilience refers to the ability of a material to deform while absorbing 
the energy of the applied load, with subsequent recovery. Thus, a 
decrease in deformation energy and resilience would ease file pen-
etrability into the GP.

The aim of this study was to use textural analysis to test the changes in 
the hardness and penetrability of three types of commercial GP when 
exposed to two types of solvents, and to deduce whether these chang-
es would be of benefit to the operator during endodontic retreatment. 
Whilst textural analysis features very scarcely, if at all, in the dental lit-
erature, it is frequently employed in pharmaceutical research laborato-
ries and the food industry. It plays an invaluable role in determining the 
properties of materials including, inter alia, rigidity, resilience, cohesive-
ness, and adhesiveness. Rigidity, deformation energy and resilience 
were the parameters applicable to this study, as they can be used to 
represent hardness and penetrability.

METHODS
Sample size calculation
The sample size estimation, performed in G*Power,21 was based on 
the combined influence of GP type (three types) and solvent type (two 
types) on each of the outcome variables (hardness and penetration), 
as determined by a two-factor ANOVA with interaction. Sample size 
estimations were based on a significance level of 5%, a power of 80% 
and the effect sizes calculated from pilot data. From these calculations, 
and considering that each individual test would yield measurements on 
all three outcome variables, ultimately each group required nine sets of 
data, requiring a total of 81 experiments.

Materials 
The solvents were Xylene BP and Eucalyptus oil BP (Merck South 
Africa) with distilled water as control. The three different types of GP 
were: conventional Protaper® size F3 GP cones, thermoplastic GP 
Thermafil® (Dentsply, York, USA) ISO 030 carrier and cross-linked 
GuttacoreTM (Dentsply, York, USA) 0.04 size 030. Conventional GP 
has pure β-phase gutta percha and zinc oxide as its bulk constituents.22 
Thermafil® (Dentsply, York, USA) comprises warm α phase GP wrapped 
around a central polysulfone core.23 GuttacoreTM (Dentsply, York, USA) 
also has warm α phase GP but wrapped around an internal cross-
linked GP core.24

Each GP cone from the respective GP type used was from the same 
manufacturing batch to eliminate variations in physical properties. 
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Figure 1A: The TA.XT plus texture analyser

Figure 1B: A conventional GP cone positioned using the 
reference graded markings of the table, with the probe in 
position 10mm perpendicularly above

Method
The GP cones were placed in Eppendorf vials, labelled 
according to their experimental group and numbered 
from 01 – 81. These numbers were then tabulated on an 
Excel® spreadsheet and randomly arranged into three 
experimental batches consisting of 27 vials each. The GP 
from each group was texturally analyzed using the TA.XT 
Plus® texture analyzer (Stable Micro Systems, Godalming, 
UK), which was calibrated for weight, force and distance 
before each test.

A flat-ended cylindrical probe at a force of 10N with a 
speed of 5 mm/s-1 was used; each cone was placed 
against a fixed horizontal platform with graded markings 
for reproducible positioning of the cones (see Figure 
1). The handles of the Thermafil and Guttacore cones 
prevented the cones sitting flush on the platform and so 
were removed. After testing prior to solvent exposure, the 
cones were seated in an Endo stand and box® (Dentsply 
Maillefer, Switzerland) and immersed into 160 ml of one or 

other of the solvents at 24±1°C for 10 minutes, followed 
by immersion in 160 ml of distilled water for 20 minutes 
to neutralize the solvent action. The cones were allowed 
to dry for 24 hours at a room temperature of 24±1°C. The 
ambient room temperature and the temperature of the 
solvent and distilled water were recorded. The cones were 
then texturally re-analysed. The software, Exponent®, 
linked to the equipment, captured data at 200 pps and 
processed the data into Force-Distance and Force-Time 
graphs. Rigidity is the gradient of the curve on a Force-
Distance graph and deformation energy is the area under the 
curve on that graph (Figure 2). A Force-Time graph (Figure 3) 
was used to measure resilience: it is the area from the peak 
of the curve to the end point divided by the area from the 
beginning of the curve to its peak, multiplied by 100. 

Data analysis
The outcome variable for analysis, for each of the three 
measurements (rigidity, deformation energy and resil-
ience), was the difference (DIFF) between the post-sol-
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vent (AFTER) and pre-solvent (BEFORE) exposure meas-
urements. The use of the DIFF variables was validated by 
employing randomization to ensure that there were no 
significant differences in the BEFORE measurements be-
tween the three groups within each GP type, assigned to 
each of the two solvents and the control, water. A General 
Linear Model (GLM) with main effect for GP type, solvent 
(nested in GP type), and experiment day as a blocking var-
iable, was used to model each of the BEFORE dependent 
variables in turn. Post-hoc tests were conducted using the 
Tukey-Kramer test with the effect sizes calculated using 
Cohen’s d interpreted as follows: >0.80: large effect; 0.50 
to 0.79: moderate effect; 0.20 to 0.39: small effect; and 
<0.20: near zero effect. Between-group differences were 
assessed by means of a GLM with the outcome variable 
as the dependent variable; independent variables were 
the solvent, GP type and solvent-GP type interaction; co-
variates were room and solvent temperatures. 

Comparison of the DIFF results for Xylene and Eucalyptus 
oil was effected using a one-sample t-test of the DIFF value 
with respect to 0 to establish whether a significant reduction 
for a specified parameter was achieved following exposure. 
A two-sample t-test was performed to determine whether 
there was a significant difference between the DIFFs of Xy-
lene and Eucalyptus oil. Where the assumptions of these 
tests were not met, non-parametric alternatives were used, 
namely the Wilcoxon Signed Rank test and the Wilcoxon 
Rank sum test. The 5% significance level was employed 
throughout the study. Data analysis was carried out using 
SAS software (SAS Institute Inc. USA).

RESULTS
Comparison of GP type before solvent exposure indicated 
that for Conventional GP, the mean rigidity and deformation 
energy was significantly lower than in the other two materials 
(p<0.001), whereas the mean resilience was only significantly 
lower than that of Guttacore (p=0.021). Comparison of 
DIFF revealed that the rigidity and deformation energy 
had either decreased or remained the same following 
solvent exposure across all groups. Resilience remained 
unchanged or decreased in all groups except for one, 
the Conventional GP/Xylene group, where an increase in 
resilience was observed following solvent exposure.

The comparison of the DIFF results for Xylene and Euca-
lyptus oil are shown in Table 1.

DISCUSSION
Whilst mechanical instrumentation serves as the primary 
method for removing GP, chemical solvents assist by 
softening and partially dissolving the GP in the canal. This 
study employed textural analysis to assess the changes 
in the physical properties of three types of GP following 
exposure to two endodontic solvents. Rigidity, deformation 
energy and resilience were the parameters applicable to 
this study, representing hardness and penetrability.

Hardness
The results obtained prior to solvent exposure revealed 
that Thermafil and Guttacore had higher rigidities than 
Conventional GP. This can be attributed to the strength-
ened central cores of the former two types of GP. Distilled 
water, employed as a control, was incapable of causing 
any significant reduction in rigidity across all groups. 

The rigidities of all the GP types were significantly but 
variably reduced following exposure to Eucalyptus oil 
(p<0.05) and Xylene (p<0.05). For Guttacore there was 
no significant difference between the two solvents. The 
decrease in rigidity for Conventional GP was significantly 
greater following exposure to Xylene than to Eucalyptus 
Oil (p=0.0007; Cohen’s d=2.09). In contrast, Eucalyptus oil 
elicited a significantly greater reduction in rigidity in Ther-
mafil as opposed to Xylene (p=0.019; Cohen’s d=1.30). 

Conventional GP was less susceptible to a reduction in ri-
gidity, which could be attributed to the comparably thicker 
quantity of β-phase gutta percha in this GP. Xylene has 
been shown to weaken the polysulfone core of Thermafil, 
contributing in this way to a reduction in its rigidity.23 The 
internal cross-linked core of Guttacore has been shown 
to resist softening when exposed to solvents.25 These re-
sults further support the findings of Mushtaq et al (2012) 

Figure 2: Typical Force–Distance textural analysis graph illustrating the gradient 
and area used to calculate rigidity and deformation energy.

Figure 3: Typical Force-Time textural analysis graph illustrating the area used 
to calculate resilience.
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and Rubino et al (2012) who reported Xylene 
as an effective solvent of gutta percha.20,26 
Magalhães et al (2007) reported that Euca-
lyptus oil was an acceptable solvent, which 
differed from previous studies that observed 
significantly less dissolution efficiency with 
Eucalyptus oil.9 

Penetrability
Deformation energy and resilience serve as 
representative parameters for penetrability. 
Any increase in deformation energy following 
solvent exposure infers that a greater force is 
required by the retreatment file when penetrat-
ing the GP. The deformation energies of all the 
GP types were significantly reduced with Eu-
calyptus oil (p<0.05) and Xylene (p<0.05). The 
decrease in deformation energy for Conven-
tional GP was significantly greater for Xylene 
than for Eucalyptus Oil (p=0.0006; Cohen’s 
d=2.13). There was no significant difference 
between the two solvents for Thermafil and 
Guttacore, but a significantly greater reduc-
tion with Thermafil and Guttacore than with 
Conventional GP (p<0.05). This is in accord-
ance with Tanomaru-Filho et al (2010) who 
demonstrated that Xylene and Eucalyptus oil 
presented a greater solvent effect on Thermo-
plastic GP than on Conventional GP.18

An increase in resilience denotes that the 
material will absorb a greater energy of the 
applied force before yielding to penetration 
or fracture. A decrease in file penetration re-
duces the surface area of the file that engag-
es the GP. This reduction in contact leads to 
a decline in the amount of GP being removed 
with each successive file withdrawal thereby 
increasing clinical procedure time. 

Eucalyptus oil produced no significant reduc-
tion in the resilience of Thermafil and Gutta-
core, with an insignificant increase observed 
with Conventional GP (p=0.37). Following 
exposure to Xylene, there was a significant 
increase in the resilience of Conventional GP 
(p=0.0175), but a significant decrease with 
Guttacore (p=0.0015), and an insignificant 
decrease with Thermafil (p=0.61). Hence, 
while the solvents may aid the penetration 
of retreatment files into Thermafil and Gut-
tacore, they may actually confound the re-
treatment procedure when Conventional GP 
is present in the canal. Nonetheless, with re-
silience being closely related to the ability of 
the polymer chain to rotate freely, additional 
factors such as the rate and extent of defor-
mation, the applied force, as well as tem-
perature will also affect the resilience value of 
the material.28 However, increasing the force 
applied to the retreatment file will amplify the 
resultant mechanical stresses, which in turn 
can lead to instrument separation.29

The two crystalline phases (α-phase and 
β-phase) of GP are molecularly both trans iso-
mers, differing only in single bond configuration 
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and molecular repeat distance. The molecular repeat dis-
tance for β-phase GP is shorter than that of α-phase GP. This 
results in the α-phase being more flexible and contributes to 
its vulnerability to solvents, as illustrated by Tanomaru-Filho 
et al in 2010.18 Both Thermafil and Guttacore rely on heat-
ing to make their circumferential GP flowable during canal 
insertion. Heating the material to a temperature range of 
46-48°C causes the α-phase GP to transform into β-phase 
and lose flexibility. Should the heating temperature exceed 
58°C, the GP then transforms into an irreversible amorphous 
phase which then exhibits entirely different mechanical prop-
erties.30-32 Thermal treatment was not used in the present 
study and since thermal exposure causes molecular phase 
transformations, and changes the bond structure and ori-
entation of the GP, further study is required to assess the 
changes in the physical properties that may occur. There-
fore, the current data may not necessarily reflect the proper-
ties of the material at chairside. However, they do provide a 
base reference for physical changes that occur in GP follow-
ing solvent exposure.

CONCLUSIONS
Within the limitations of this study, and considering the 
toxicity profile of Xylene, and the biocompatibility and an-
timicrobial effects of Eucalyptol, Eucalyptus oil is recom-
mended for use during endodontic retreatment. 
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