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Abstract

Background: Gutta-percha (Gp) is an inert thermoplastic polymer used as a filling to replace the dental pulp space,
which has been reformulated to improve its three-dimensional sealing properties. Therefore, this study aimed to
analyze the physical, chemical and thermal properties of two types of gutta-percha filling. As well as measuring the
temperature distribution along the cone at the time of cutting through an in-situ test.

Material and methods: two commercially available brands of gutta-percha point were investigated: Conform Fit
TM Gutta-Percha for ProTaper Gold® (PTG) (Dentsply Sirona), and Hygenic Gutta-Percha (Coltene whaledent).
Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) were selected for the thermal cha-
racterization of materials, and Fourier Transform Infrared Spectroscopy (FT-IR) for the chemical analysis of Gp
cones. Regarding temperature distribution, it was evaluated using a thermographic camera (FLIR ONE® PRO by
MicroUSB P/N 435-0011-01) at 0 to 20 s after the cutting process (n=11/group).

Results: Both materials have three fusion endotherms associated with the three crystalline phases of Gp, with
similar temperatures but enthalpies that differ by 60%, the fusion enthalpy being higher for Conform Fit. In the
chemical characterization, elements such as Zn, C, O, Ba, S and Si were found in both materials but in different
proportions. Regarding the content of fillers, the Conform Fit presented around 30% of Gp polymer and 25% for the
Hygenic. The morphological characterization shows a microtexturized coating in the form of bars on a micrometric
scale for the Conform Fit, which could favor a better three-dimensional seal. In addition to that, in heat transfer
studies they showed greater temperature control.

Conclusions: The characterization of the materials allowed us to see the variation in terms of their composition and
configuration to the Gp cones of two commercial brands. These variations directly modify the thermal behavior of
the material.

Key words: Gutta-percha, Conform Fit, Infrared thermography, Differential Scanning Calorimetry, Infrared
Spectroscopy.
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Introduction

In dentistry, the treatment of the root canal system con-
sists of removing the pulp affected with irreversible da-
mage and sealing the root canal with filling material that
allows a three-dimensional seal that lasts and does not
allow the subsequent entry of microorganisms. In this
sense, gutta-percha (Gp) has been used for more than
100 years due to its good clinical performance. Gp can
be considered the gold standard and currently the only
universally accepted filling material (1-3). However, the
incorporation of additives has been implemented to im-
prove its properties since Bowman’s Gp introduction in
endodontics in 1867. Gp is a word derived from the Ma-
lay language where gutah means rubber and pertjah, and
is a purified coagulate made from the latex of a tropical
sapote tree (1,4). Concerning the chemical structure, Gp
is a poly (trans-1,4 isoprene) thermoplastic polymer that
can exist in three crystalline forms known as a (alpha),
B (beta), and y (gamma), associated with the stereoche-
mistry of its spatial configuration between the methyl
groups (-CH,) that are attached to the carbon atoms with
double bonds, leading to different spatial configurations
that give it specific characteristics. The composition of
dental Gp is approximately 18 to 22% of Gp polymer,
and 37 to 75% filled with zinc oxide (ZnO) and barium
sulfate (BaSO,); with waxes, colorants, and antioxidants
that differ according to each manufacturer (5,6). Gp
also has some advantages in the area of dentistry as it
is inert, dimensionally stable, and antibacterial, in addi-
tion to not staining dentin, being radiopaque, and dissol-
ving in the presence of organic solvents such as xylol,
xylene, and eucalyptol (7), allowing removal from the
canal when necessary. However, Gp points lack rigidity,
do not adhere to dentin, and some elasticity, resulting
in gaps between the filling materials and the canal wall.
Hence, sealant cement is necessary to ensure the apical
sealing process’s success. In addition, some dentists, du-
ring treatment, heat the Gp tips with an obturator from
the upper end to increase the fluidity of the material and
provide a better seal within the canal system with com-
plex anatomies. Previous thermal analyses reported Gp
phase transformations to occur between 42 and 49°C for
the beta phase and between 53 and 59°C for the alpha
phase (6,8). In such a way, the material has to be heated
to a temperature much higher than 60°C in order to cut
the material and transfer the heat along the cone, which
is affected by the material’s low thermal conductivity.
Nevertheless, the limitations in the shutter temperature
would be defined by the decomposition temperature of
the material and the distance in which the heat is trans-
ferred along with the material, which could generate
damage to the periodontal ligament (9,10). However, it
should be noted that this mechanism is still unknown,
so this study aimed to perform a thermal and physico-
chemical characterization and evaluate through in situ
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analysis how these heat transfer phenomena occur, and
compare the Gp Conform Fit cones (Dentsply Sirona,
that offers a new microtextured formula, and operates
at a lower working temperature) with conventional Gp
cones (Hygienic in this case).

Material and Methods

-Materials

The sample used in this work is Gp Protaper Univer-
sal-Conform Fit (Dentsply Sirona Tulsa Dental), with a
lot number. 8072809C, measured ISO 60xF2, Expira-
tion 2022-09; and the Gp Hygenic (Coltene whaladent)
batch. H09223, medium ISO 40, expiration 2022-11-30.
All samples were analyzed before the expiration dates
established by the manufacturers (n=19/group; 11 for
the heat transfer test in situ, and the rest to analyze the
physical, chemical and thermal properties).

-Chemical Characterization

The chemical characterization of the Gp was carried
out by Fourier Transform Infrared Spectroscopy (FTIR)
(Thermo Scientific, Nicolet iS10; Waltham, MA, US)
using the attenuated reflection technique (ATR) in the
range of 4000 to 500cm™ with 64 scans at a resolution
of 4cm'. The samples were cut transversely for analysis.
-Thermal Characterization

Differential scanning calorimetry (DSC) and thermogra-
vimetric analysis (TGA) were selected for the thermal
characterization of the materials. The first with the aim
of determining the characteristic temperatures of mate-
rials such as melting temperature (Tm), crystallization
temperature (Tc), and glass transition temperature (Tg).
TGA to determine the decomposition temperature and
the content of charge. For DSC analysis, samples were
taken from the last 3mm of the cone with an approximate
weight of 9mg and analyzed in a Q200 DSC-TA-Instru-
ments (Lukens Dr, New Castle, USA) instruments unit
with a Nitrogen Gas flow at 50mL/min and subjected
to a heating ramp of -20 to 110°C with a heating ramp
at 10°C/min. About the TGA analysis, approximately
30mg of sample were cut and introduced into a Perki-
nElmer brand TGA 4000 (Akron. Ohio, USA) in an inert
nitrogen atmosphere at 10ml / min, in an interval of 50
to 900°C at a speed of 10°C/min.

-Morphological Characterization

The morphological characterization of the materials was
carried out by Scanning Electron Microscopy (SEM).
The EDS complemented the analysis of chemical com-
position. Morphological analyses were performed on a
FEI QUANTA 250 FEG Scanning Electron Microscope
(ESEM FEI Co., Hillsboro, OR, USA). Before the expe-
riments, they were placed on a pin and coated with gold
for 25s, at 4 mA, under vacuum conditions.

-Heat transfer test In Situ

Infrared thermography was used for in situ analysis du-
ring the cutting process of the Gp cones (n=11/group).
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For this, a system (black camera) was built that allowed
minimizing the possibility of movement, standardization
of the reference point at the time of image capture, and
reduction of the influence of ambient light that could be
reflected in the measurement system (Fig. 1a-¢), to which
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ning that the condenser instrument (Hu-friedy RCP10A of
29mm) was heated for 15s in the fire using Micro Torch
Burner ST2200 Dental Packs Mex., and the climatic con-
ditions will be established at room temperature, approxi-
mately 26+5°C in a closed room to avoid current flow.
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Fig. 1: a-e) Experimental procedure for the Heat Transfer Test In Situ. a) Base of the gutta-percha cone designed
in acrylic, b) System designed for the adaptation of the thermal camera (FLIR ONE® PRO by MicroUSB P/N 435-
0011-01), c-d) Condenser (Hu-friedy RCP10A of 29mm) and Micro Torch used for the cutting process, ) Images
obtained with the FLIR Tools program. f-g) Average temperatures in GP cones, as a function of time after cutting

for each reference point (Temperature profiles).

an acrylic base was adhered that supports the Gp cone at
the moment of cutting (Fig. 1a). The images of samples
were taken with the thermal camera (FLIR ONE® PRO
by MicroUSB P/ N 435-0011-01) at 0, 1, 2, 3, 4, 5, 10,
15, and 20s after the cutting process. It is worth mentio-
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-Statistical analysis

Statistical analyzes were performed with SigmaPlot
Version 11.0 (SPSS, Chicago, IL). For points 1 to 6 of
the heat transfer profile at 0 to 5s. The Shapiro-Wilk test
was used to determine the distribution of normal data.
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The significance of the difference in means between the
two groups studied for each of the points was evaluated
using Student’s t or Mann—Whitney U tests; the alpha
level was set at 0.05.

Results
In Figure 2, the infrared spectra obtained from the eva-
luated samples of the Gp Hygenic and Conform Fit are
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shift in the maximum temperature of crystallization (Tc).
Later in Figure 3b, the heating traces of the second cycle
are presented, where three endothermic peaks associated
with the fusion process can be seen, in which said fusion
process of both materials is completed at approximately
60°C. As can be seen in these thermograms, there are
no considerable variations in the transition temperatu-
res, but there is a significant variation in the enthalpies
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Fig. 2: Infrared spectra of Gp Conform Fit and Hygenic.

shown. The samples were measured in transmittance
(%) in the mid-infrared range. In them, we can appre-
ciate the vibrations corresponding to 1-4 cis isoprene. In
other words, at 2961 cm™, there is an intense asymme-
tric vibration, and at 1384cm’!, a signal of the symmetric
type of deformation, both corresponding to the methyl
group (CH3). Likewise, at 1035c¢m™, a rocking vibration
corresponding to the same group is observed (2,11,12).
On the other hand, at 2910, 2800, 1101, and 1445cm™,
signals are associated with the methylene group (CH2).
While at 875 and 795¢m’!, weaker signals corresponding
to bending out of the double bond plane are reflected
(=C-H) (2,11,12). On the other hand, vibrations rela-
ted to the sulfate group are observed at 608, 637, and
1180cm™ (13,14).

About the thermal tests, the results are presented in Fi-
gure 3. For the thermograms associated with the cooling
process (Fig. 3a), an exothermic peak associated with
the crystallization process of the material can be obser-
ved for both samples. However, a more pronounced and
narrower peak can be seen in the Conform Fit vs. the
Hygenic, which is reflected in the enthalpy associated
with the crystallization process (AHc), as well as a slight
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of crystallization and fusion. Since the enthalpies of the
Gp Conform Fit are approximately 60% higher than the
enthalpies of the Gp Hygenic.

The melting process is a first-order transition, which
means that when the melting point is reached, the tem-
perature of the polymer does not increase until the phase
transition from solid to liquid state is complete. That is,
until the crystals present in the material melt, the en-
thalpy of fusion being the amount of energy necessary
to complete said phase transition. Therefore, by having
a higher enthalpy of fusion in Conform Fit gutta-percha
cones, the transition requires more energy to be absorbed
before generating a change in temperature in the material.
While during the crystallization process, the material will
have to release more energy before it solidifies. What has
favorable clinical repercussions in working time during
the obturation process. Therefore, the analysis of the ther-
mal properties of the gutta-percha cones used as fillings
in the root canal plays an important role during the obtu-
ration process. Its understanding could help the specialist
to determine the appropriate obturation technique to im-
prove the packing of the material and to eliminate all the
entrance doors between the root canal.
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Fig. 3: Thermal analysis. a) DSC Heating Traces, b) DSC Cooling Traces, ¢c) Gp Conform Fit TGA, and d) Gp Hy-

genic TGA.

About the thermogravimetric analysis (TGA), the results
obtained from the test are presented in Figure 3c,d. We
can see that the weight remains almost constant and stable
up to approximately 200°C, and subsequently presents a
loss in weight that concludes around 450°C. This point
was used to determine the percentage by weight of fillers,
and the content of polymeric material in gutta-percha (Gp)
cones. About this, the Conform Fit has around 29.1% Gp
and 70.9% loads (Fig. 3c). While in the case of the sample
corresponding to the Hygenic, it presents around 24.4%
of Gp and 75.6% in loads (Fig. 3d).

The micrographs at different magnifications were eva-
luated for each of the Gp using backscattered electrons
(BSE-SEM). In the case of Gp Conform Fit (Fig. 4 a-d),
it can be seen that the material consists of a homoge-
neous matrix with a light microtextured coating (zone B)
in the form of bars with dimensions ranging from 0.5 to
2 um wide by 14um long (Fig. 4d), which according to
the results of the EDS analysis of each of the zones it can
be said that the coating is constituted by a higher amount
of organic material than concerning to the body of the
Gp cone (Table 1). In relation to the microtextured coa-
ting of the Gp Conform Fit cone, it could have important
clinical implications, since having a lower filler content,
it would have greater fluidity, generating a better seal
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in the peripheral canals during the obturation process.
About the Gp Hygenic cones, we can see that it is a cone
constituted in a single completely homogeneous phase
where elements of such as Zn, C, O, Ba, S, and Si were
mainly detected.

Figure 1 summarizes the results of the in situ tests, whe-
re the heat transfer at the time of cutting was evaluated.
The images obtained for a cone can be seen in the left
panel (Fig. 1). It shows how the temperature diffusion
dissipates along the Gp cone. The images allowed the
construction of temperature profiles for different selec-
ted points in different time intervals. According to the
statistical analysis, with 95% confidence, a significant
difference in heat transfer is determined during the first 3
s after cutting along the gutta-percha cone within points
1 to 5.

Discussion

Research in Gp cones as an obturation material has been
conducted for a long time, trying to improve their pro-
perties by modifying their composition and physicoche-
mical properties, which guarantee a hermetic seal and
efficient heat transport during the final stage of endodon-
tics. Schilder and Buchanan (15) used the thermoplastic
benefits of Gp in their obturation techniques for the root
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Fig. 4: Micrographs of the Cone of Gutta-percha overview. a) Conform Fit 50x, b) Conform Fit 500x, c)
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Table 1: % content by weight of elements identified by SEM/EDS.

Element ‘Weight [%]
Conform Fit Hygenic

Zona A Zona B Zona A
CK 49.14 66.89 34.35
OK 17.74 15.49 16.38
Mg K 0.5 1.06 0.07
AlK 0.43 0.25 0.31
SiK 0.36 1.37 0.16
SK 2.37 1.45 1.68
BalL 6.79 3.68 5.54
TiK 1.31 0.56 1.95
Zn K 21.37 9.23 39.55
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canal system, recommending plasticizing a Gp cone in
the root canal and then compacting it vertically to be
later filled with thermoplasticized Gp.

The article described by Ratri (12) characterized the Gp
cones through means of Fourier Transform Infrared Spec-
troscopy (FTIR), Wide Angle X-ray Scattering (WAXS),
and (Small Angle X-ray Scattering (SAXS). They eva-
luated the process of structural evolution of synthetic Gp
polymers seen from hierarchical levels, showing the re-
gularization of the conformation of the molecular chain
and demonstrating that the o form appears stable at high
temperatures. In contrast, the a form is unstable at high
temperatures, melting at a relatively lower temperatu-
re of about 50°C. The molten sample transforms back
into a crystalline form at a higher temperature. About the



J Clin Exp Dent. 2023;15(5):e382-9.

thermal characterization obtained in the present investi-
gation, they agree that both materials present polymor-
phism. However, the results of the thermograms during
the fusion process show the presence of three crystalline
phases for both samples; the first around 43°C, followed
by one at 50°C, and finally one at 59°C. These results
coincide with those reported by Marroquin (16) in 2015,
where he describes the physical properties of different
types of Gp, softening approximately between 40-49°C
and being flexible at approximately 61-78°C. However,
he mentions that the malleability of the Gp cone occurs
from temperatures above 65°C, where the material has
exceeded its melting temperature. However, it should
be emphasized that the temperature should not exceed
approximately 230°C, since the material begins to de-
grade, as can be seen in the TGA analyzes.

On the other hand, with the enthalpy of fusion found in
the Differential Scanning Calorimetry (DSC) analyzes,
the Gp Conform Fit was determined at 11.45J/g. At the
same time, for the Gp Hygenic cones, it was 6.92J/g.
These results have a direct impact on heat transfer, since
Gp Hygenic, having a lower enthalpy of fusion, requires
less energy for the phase change (solid state to a molten
state), so when applying a constant energy heat, excess
energy is reflected in an increase in the final temperature
at the cut-off point compared to the cones of Gp Con-
form Fit, which present a higher enthalpy of fusion, and
thus require more energy for your phase change. Fur-
thermore, an increase in temperature at the cut-off point
is not so marked, as seen in thermal analysis with Infra-
red. On the other hand, in the endotherms of the cooling
process, the enthalpy of fusion (AHc) of the Conform Fit
was determined at 12.68J/g, while in the cones of the Gp
Hygenic, it was 7.87J/g. Therefore, when starting from
a molten state, the Conform Fit Gp cones need to relea-
se more energy to change to a crystalline state, giving
us a longer working time with the Gp at the moment of
obturation.

Regarding the chemical characterization, our results
coincide with the infrared spectra reported by Silva and
Paula in 2005 (2), where they identified the vibrations
of the characteristic bands of the trans-1,4-polyisoprene
polymer corresponding to the organic part of the material
shutter. These spectroscopic characteristics is present in
both brands of Gp evaluated. However, the complemen-
tary analyzes of TGA and EDS helped in the chemical
characterization of the materials. In which differences of
up to 5% of its composition were found for the content
of Gp polymeric material. Likewise, solids can be asso-
ciated with the presence of barium sulfate (BaSO,), as
well as the content of metal oxides that provide rigidity,
consistency, radiopacity, preservation, antisepsis, and
coloration to the material.

In such a way that the Gp Conform fit cone has approxi-
mately 30% by weight of poly (trans-1,4 isoprene) ther-
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moplastic material, and the Gp Hygenic cone 25% by
weight. These results could influence the three-dimen-
sional sealing of the material due to plasticity; in such
a way, in vitro studies should be evaluated. However,
these variations in compositions resemble those found
by Ferreira et al. (5)

Conclusions

The characterization of the materials was useful to ob-
serve variations in the composition and configuration of
two commercial brands of Gp cones. These variations
directly influence the response of the material to ther-
mal phenomena in the first 3 seconds after the cutting
process due to the chemical composition of the material
which affects heat transfer phenomena.
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