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Abstract Background/purpose: In the warm gutta-percha technique, soft-type and regular-
type gutta-percha are using for backfilling thermoplasticized injection system. However, there
are limited reports about the properties of these backfilling gutta-percha. This study aimed to
analyze and compare the composition, thermal behavior and compact force of two types of
backfilling gutta-percha.

Materials and methods: Soft-type and regular-type backfilling gutta-percha (B&L BioTech,
Fairfax, VA, USA) were investigated. The inorganic and organic fractions of these gutta-
perchas were separated by quantitative chemical analysis (n = 6). Their composition was
analyzed using energy dispersive spectroscopy. Thermal behavior in response to temperature
variations was analyzed using differential scanning calorimetry. Additionally, a compaction
model was used to investigate the relation between compaction force and temperature
(n = 10).

Results: The soft-type contained more gutta-percha (3.69—5.85%), carbon ratio (38.96
—48.52%) and less inorganic substance (86.51—90.45%), zinc ratio (29.36—35.67%). The compo-
sition ratio of two types gutta-percha were statistically significant different (P < 0.05). There
were three phase transitions of the soft-type gutta-percha which started at 39.84 °C, 49.32 °C
and 54.15 °C while the two phase transitions of the regular-type gutta-percha started at
40.48 °C and 53.45 °C. The glass transition temperature of the regular-type gutta-percha
(44.24 °C) was higher than that of the soft-type gutta-percha (40.66 °C). Under various setting
temperature, the higher compaction force in the regular-type gutta-percha was required (P <
0.05).
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Conclusion: The different components in gutta-percha contribute to its differences in thermal
behavior. The soft-type had a higher proportion of gutta-percha and lower ZnO which makes
the fluidity better than the regular-type.

© 2022 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Introduction

Successful root canal treatment relies through disinfection
and three-dimensional obturation of the root canal system.
Schilder popularized a technique known as "Schilder’ s
warm percha vertical compaction technique” to fill root
canal systems.” This technique adapts warm gutta-percha
under non-isothermal conditions. The transformation of
the heated softened gutta-percha and sealer is compacted
by a series of pluggers to hermetically seal the portals of
exit and overcome the complexity of the root canal sys-
tems, thus creating a three-dimensional obturation to
prevent leakage.'™>

In Schilder’s method, once the apical third of the canal
is obturated, the coronal portion of the canal is filled using
a back-packing process, using precut segments of gutta-
percha that are heated, and compacted into the root
canal.” Presently, back-packing may also use a thermo-
plasticized, gutta-percha injection system. Regardless of
the numerous variations among brands of gutta-percha
used for backfilling techniques, they are roughly divided
into a regular-type and a soft-type according to different
thermoplastic temperatures.®” In clinical operation, it is
discernible by their qualitative differences in the texture
and operational feeling.

In previous studies, the composition of commercially
available dental gutta-percha consists of 18%—22% gutta-
percha, 1%—4% waxes and resins, 59%—76% zinc oxide and
1%—18% metal sulfates.®”'" And the glass transition tem-
perature (T,) of dental gutta-percha is around 40 °C—44 °C.1?
The purity, molecular weight and crystallinity can affect
melting points, also called phase change temperature of
dental gutta-perchas.’® The change of melting points (Tg)
affects not only molecular arrangement of gutta-percha
polymer but also its physical state.'® Thus, the study on
the composition and thermal behavior of gutta-perchas is
needed to understand clinical differences of two types of
backfilling gutta-perchas. Previous research regarding ther-
mal behavior of gutta-percha focused on the temperature
change during compacting process, and the effects of tem-
perature change using different heated “cone” gutta-percha
delivery systems.’®> However, there is little information
regarding the cooling temperature of the many gutta-
perchas used for backfilling the canal. Formulations of
these gutta-perchas produced by different manufacturers
vary slightly. Therefore, it is necessary for the operator to
know the thermal behavior and composition of the chosen
gutta-percha filling to ensure smooth clinical operation.

The purpose of this experiment was to study the rela-
tionship between different compositions of gutta-perchas
used for backfilling the canals and their thermal behavior,
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and to identify a suitable setting temperature of the
heating element, for optimal delivery of the obturation
material in clinical operations.

Materials and methods
Composition analysis-chemical

According to Friedman’s method of measuring the compo-
sition and proportion of gutta-percha, the main composi-
tion and proportion of regular-type and soft-type backfilling
gutta-percha (B&L BioTech, Fairfax, VA, USA) (each type
n = 6) were measured.”®? One gram of gutta-percha was
soaked in 10 ml chloroform solution for 24 h, then centri-
fuged for 15 min (6000 rpm/min, 25 °C); the supernatant
was removed for later use. The pellet formed was the
inorganic component which contains zinc oxide and metal
sulphate in the gutta-percha. After drying, it was weighed
and recorded as M1 (inorganic) and 10 ml of acetone solu-
tion was added to the supernatant, mixed well and
centrifuged for 15 min (6000 rpm/min, 25 °C). The sepa-
rated pellet was gutta-percha. After drying, the pellet was
weighed and recorded it as M2 (gutta-percha.). M3 (wax/
resin) = 1-M1-M2.

Energy dispersive X-ray microanalysis

Energy dispersive X-ray spectroscopy (EDS) was used to
qualitatively analyzed the chemical compositions of the
two types of gutta-percha materials. Both samples were
mounted on aluminum stubs and examined using an SU3500
Scanning Electron Microscope (Hitachi, Tokyo, Japan) fitted
with an energy dispersive X-ray spectrometer.

Thermal behavior analysis

Thermal behavior of two types of backfilling gutta-percha
were analyzed according to Hsu’s method.' The phase
transition temperatures and thermal behaviors of the two
gutta-percha materials were evaluated using a differential
scanning calorimeter (DSC 4000, PerkinElmer, Waltham,
MA; USA). Two heating and cooling cycles were character-
ized as follows: (each type n = 3)

a) Heating followed by slow cooling.
1. Temperature increased from 25 °C to 70 °C with
heating rate of 1 °C/min.
2. Temperature increased from 70 °C to 130 °C with
heating rate of 5 °C/min.
3. Temperature maintained at 130 °C for 10 min.
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4. Temperature decreased from 130 °C to 25 °C with

slow cooling rate of 5 °C/min.
b) Heating followed by rapid cooling.

1.Temperature increased from 25°C to 70°C with
heating rate of 1°C/minute.
2.Temperature increased from 70°C to 130°C with
heating rate of 5°C/minute.

3. Temperature maintained at 130 °C for 10 min.

4. Temperature decreased from 130 °C to 25 °C with
rapid cooling rate of 20 °C/min.

Compaction model

The regular-type and soft-type backfilling gutta-perchas
(B&L BioTech) were obturated in 0.25-ml centrifuge tubes.
Ten microcentrifuge tubes (each group n = 10) were placed
in a digital dry bath incubator with temperature settings of
37°C, 40 °C, 42 °C, 44 °C, 46 °C, 48 °C, 50 °C and 52 °C. An
Instron universal testing machine (E3366, Instron, MA, USA)
was set for packing 1 mm down to the gutta-percha with a
Schilder plugger No.12(Dentsply Sirona, Ballaigues,
Switzerland) in each of the testing groups. Forces were
recorded during the gutta-percha compaction procedure. '

Statistical analysis

Statistical analyses were performed using SPSS for Windows
(Version 19, SPSS Inc., Chicago, IL, USA). All data for each
sample was analyzed using one-way analysis of variance
(ANOVA) (SPSS Inc.) with Mann—Whitney U test. A P-value <
0.05 was considered statistically significant. Mann—Whitney
U test was used when comparing two groups of data. All
data are presented as mean and standard deviation (mean,
=+ SD).

Results

Composition analysis-chemical

The organic and inorganic components of commercial
gutta-perchas were separated by chloroform and acetone

solvents. Fig. 1 and Table 1 show that there were significant
differences in the ratio of proportion between the two
types of gutta-percha (P < 0.05). Regular-type was
90.45 + 0.15%; soft-type was 86.51 + 0.46% in inorganic
substance (zinc oxide and metal sulphate). The proportion
of gutta-perchas, regular-type was 3.69 + 0.19%; soft-type
was 5.85 + 0.51%. In the wax/resin ratio, regular-type was
5.86 + 0.13%; soft-type was 7.63 + 0.30%.

Composition analysis-energy dispersive
spectroscopy

According to energy dispersive spectroscopy test results,
both regular-type and soft-type gutta-perchas, showed
energy spectrum dominated by carbon, oxygen, and zinc.
The regular-type contained 38.96%(wt) carbon, 15.4%(wt)
oxygen, and 35.67%(wt) zinc, whether soft-type carbon was
accounts for 48.52%(wt), 15.4%(wt) oxygen, and 29.36%(wt)
zinc. The remaining elements, magnesium, silicon, tita-
nium and platinum’s ratio were listed in Table 2.

Thermal behavior analysis

During the heating process, the soft-type gutta-percha un-
derwent three phase changes, while the regular-type gutta-
percha underwent two phase changes. The two phases’
transitions of regular-type gutta-percha were 39.39—47.2 °C,
53.45-58.08 °C; the three phase transitions of soft-type
gutta-percha were 39.84—44.71 °C, 49.32-52.09 °C,
54.15—-57.33 °C (Table 3). The glass transition temperature of

Table 1 Median values and interquartile range for
chemical compositions (%) of backfilling gutta-percha from
different types (n = 6).

Backfilling
gutta-percha type

Inorganic Organic

Gutta-percha Wax/resin

90.47(0.07) 3.63(0.04)  5.91(0.07)
86.53(0.45) 5.58(0.51)  7.62(0.12)

Regular-type
Soft-type

*Inorganic

91.00%
==

7.00%
90.00%
89.00%
88.00%

87.00%

-

[ regular type [ soft type

86.00%

85.00% 3.00%

*Gutta-percha

M regular type [ soft type

*Wax/resin
9.00%

8.50%
T

=

8.00%

6.00%
5.50%
5.00%

M regular type [ soft type

Figure 1

tical significance is shown as: *P < 0.05 (Mann—Whitney U test).
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Box plot of inorganic, gutta-percha and wax/resin components of commercial dental backfilling gutta-percha. Statis-
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Table 2 Weight percentage (%) of components in two
different types of backfill gutta-percha (n = 1).

Backfilling

Chemical elements

gutta-perchatype ¢ o 73 Mg Si Ti Pt
Regular-type 38.96 15.4 35.67 1.36 1.1 0.74 6.77
Soft-type 48.52 15.84 29.36 0.67 0.44 5.16

the two were 44.24 °C (regular-type) and 40.66 °C (soft-type)
respectively (Table 3). The peak temperature of each phase
transition and the glass transition temperature of regular-type
were significantly higher than those of soft-type (P < 0.05).

During the rapid cooling process, the regular-type
showed an exothermic peak at 77.94 °C, while the soft-
type showed an exothermic peak at 48.01 °C. During the
slow cooling process, the regular-type showed an
exothermic peak at 71.38 °C, while the soft-type showed
two exothermic peaks at 31.55 °C and 52.55 °C.

Relationship between compact force and heating
temperature

A dry bath was used to simulate the experiment of using a
universal testing machine and Schilder plugger to soften the

gutta-percha under different temperature settings. As the
heating temperature increased, the force required to
compact the gutta-percha was reduced. Fig. 2 and Table 4
show that under various setting temperature, the force
required to compact regular-type gutta-percha was signif-
icantly higher than that required to compact soft-type
gutta-percha (P < 0.05).

Discussion

The manufacturer provides little information about the
soft-type and regular-type gutta-perchas used for the
backfilling thermoplasticized injection system. A recent
study has shown that these two types backfilling gutta-
percha have different viscoelastic behavior.' However, the
literature lacks detailed scientific insights into the chemical
composition and the thermal behaviors properties of two
types of backfilling materials. Those properties should be
taken into consideration when using backfilling gutta-
perchas.

Inorganic substances were used as radial transparent
plasticizers. We slightly modified the method, combining
zinc oxide and metal sulfate into inorganic substances to
calculate the ratio and compare the differences.®® The
experimental results (Fig. 1; Table 1), compared with the
results of Friedman, Gurgel-Filho’s and Liao’s research

Table 3 Temperature (°C) of phase transition during heating cycle (n = 3).
Backfilling B to o phase o to amorphous phase Third peak Glass transition
gutta-percha type Initial phase change Peak Initial phase change Peak Initial phase change Peak temperature
Regular-type 39.39 47.20 53.41 58.09 — = 44.24
Soft-type 39.84 44.71 49.32 52.08 54.15 57.33 40.66
——rregular type soft type
5
45
4
=35
23 7 —
§ 2.5 + .
2
O - —
w15 o = $
1 = —
0.5 —
0
37 40 42 44 46 48 50 52
TEMPERATURE( °C)
Figure 2 Relationship between compact force (kgw) and heating temperature (°C) (each temperature n = 10).
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Table 4 Relationship between compact force (kgw) and
heating temperature (°C) (each group n = 10).

Temperature (°C)  Regular-type (kgw)  Soft-type (kgw)

37 4.41 £ 0.26 2.75 £ 0.25
40 4.03 £ 0.29 2.60 + 0.20
42 3.60 + 0.19 1.58 £0.18
44 2.84 £ 0.14 1.66 + 0.16
46 2.73 £ 0.13 1.45 £ 0.20
48 2.50 + 0.08 1.11 £0.12
50 2.43 £0.22 1.35 £ 0.10
52 1.73 £ 0.25 0.81 £ 0.13

were different in composition ratio.® '>'> The inorganic
composition ratio of regular-type and soft-type backfilling
gutta-percha was 10—15% significantly higher (P < 0.05);
the composition ratio of wax and resin was 3—4% signifi-
cantly higher (P < 0.05); the ratio of gutta-percha was
14—16% significantly lesser (P < 0.05). The results of this
experiment indicated that the gutta-percha segments from
cones were different from the backfilling gutta-percha
delivered through an injection needle due to the differ-
ence in material composition ratio. However, most of the
current literature has focused on gutta-percha segments
obtained from cones, and there were few discussions on the
analysis of the components of backfilling gutta-percha in
the injection systems.

According to the results of Friedman’s research, the
ratio of inorganic content (ZnO) to gutta-percha will affect
the hardness, brittleness, and tensile strength of the
backfilling gutta-percha.®® Higher inorganic content (ZnO)
would make the backfilling gutta-percha more brittle and
reduced fluidity. The regular-type had more inorganic
content (ZnO) than the soft-type, and the soft-type had
more gutta-percha and wax and resin than the regular-type
from our experiment. There was a significant difference
between the two, P < 0.05 (Mann—Whitney U test), the
results matched the clinical operating characteristics of
soft-type gutta-percha, which was softer and more fluid
than the regular-type. Recent research also indicated that
the ratio of zinc in the gutta-percha could affect the
thermal conductivity and volume shrinkage of the prod-
uct.”"® The soft-type had a higher proportion of gutta-
percha which makes the fluidity better than the regular-
type; the regular-type had a higher proportion of zinc
oxide which made the brittleness higher than the soft-type.
The different properties of these types of gutta-percha led
to different thermal behaviors and clinical portraits.

Gutta-percha used to backfill the canal and gutta-percha
cone points were similar in the main element composition.
Energy dispersive spectroscopy indicated that the element
spectrum of C, O, Zn, Si, Ti appears to be common. The
experiments of Gurgel-Filho and Maniglia-Ferreira detected
elements such as H, N and S;'>""; however, we did not
detect them in the experiments (Table 2). According to the
experiments of Gurgel-Filho, element Ba was only detected
in two samples of all five gutta-percha cone points.'? In this
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study, element Ba wasn’t be detected in two types of
gutta-perchas evaluated (Table 2). We thought the absence
of Ba was because of the presence of zinc oxide, which is as
same function as radio-opacifier as Ba. The trace amounts
of Mg and Pt were detected, but the experiments of Gurgel-
Filho, Maniglia-Ferreira did not detect these elements.'®"

According to the experiments of Combe, Ferrante and
Maniglia-Ferreira, this experiment was designed to detect
the phase change of gutta-percha and all wave crests
through a slow heating method.'""7>'® The results of this
experiment were also in line with the study by Chen, the
transformation temperatures of dental gutta-percha are
42—49 °C for the beta to alpha transition and 53—59 °C for
the alpha to amorphous transition.'” During the heating
process, the soft-type had undergone three phase changes,
while the regular-type had undergone two phase changes
from Table 3. The first phase change was from beta form to
alpha form, and the second and third phase changes were
from alpha form to amorphous form. But the soft-type
gutta-percha had undergone three phase changes which is
different from the previous study by Hsu.' Further study is
needed to confirm the meaning of the third phase change of
soft-type gutta-percha.

The regular-type did not show a significant exothermic
peak, while the soft-type did at 48.41 °C in the cooling
part. In previous studies, the meaning of the exothermic
peak during the cooling process was the crystallization
process from the amorphous form back to the beta form.'?
Therefore, it could be inferred from the experimental re-
sults that the soft-type underwent a more obvious crystal-
lization process. Moreover, there was third exothermic
peak in our DSC curve of soft-type, which differed from the
previous studies focused on gutta-percha cone.'>'%17:18

The glass transition temperature was the first phase
change and the crystalline structure change temperature of
the gutta-percha. Previous studies focused on the thermal
behavior around the glass transformation temperature of
different commercial types of gutta-percha segments from
cones. "' The glass transition temperature of regular-type
was significantly higher than that of the soft-type. It could
be inferred that the optimal clinical operation temperature
of cone gutta-percha and backfilling gutta-percha was
different. This difference also existed between two types
of gutta-percha. Therefore, there could be a difference in
clinical operation when using different gutta-percha. It was
easier for the doctor to operate around this temperature.

The thermal behavior of gutta-percha affected its me-
chanical properties strongly.”>~'® The result in our DSC test
might indicate that soft-type backfilling gutta-percha had
unexpectedly potential (the third thermal peak) to change
its thermal behavior during higher temperature above glass
transformation temperature. The need of further investi-
gation regarding to thermal behavior of soft-type gutta-
percha at higher temperature above glass transformation
temperature should be addressed. Above all, the result
might indicate that clinicians should aware when using soft-
type backfilling gutta-percha in clinical use.

Comparing Fig. 1, Table 1, and Table 3, there was some
correlation between chemical composition and glass
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transition temperature. The percentage of inorganic sub-
stance (ZnO) was positive related to the glass transition
temperature. On the contrary, the percentage of gutta-
percha was negative related to the glass transition tem-
perature. These results were the same as previous
studies.'®" Thus, it was speculated that the ratio of inor-
ganic (Zn0O) and gutta-percha affected the glass transition
temperature of regular-type and soft-type backfilling gutta-
percha. The of the soft-type was lower than that of the
regular-type, which made the thermal behavior of the two
different. The soft-type underwent phase change earlier
during the heating process than the regular-type which
made them clinical characteristics different.

The compact forces of the regular-type and the soft-type
gutta-perchas at the glass transition temperature were sig-
nificant different (Table 4). It was speculated that the
required compact force decreased because of the crystalline
structure change and volume shrinkage. According to Dong,
the more inorganic substance (ZnO) the lower the volume
shrinkage.'® The soft-type had lower compact force
compared with the regular-type. The soft-type with lower
inorganic substance, higher components of gutta-percha
needed and lower clinical heating temperature than
regular-type. Possibly the soft-type backfilling gutta-percha
had a higher proportion of molecular crystal changes and
less zinc oxide to decrease volume shrinkage when heated,
making it easier to change the volume, causing the compact
force to decrease. This finding demonstrated that the soft-
type gutta-percha changes more rapidly from a thermo-
plastic state to a non-thermoplastic state during clinical
backfilling and therefore has relatively lower physical sta-
bility than regular-type gutta-percha at clinical heating
temperature. Consequently, soft-type gutta-percha may
need a more technique-sensitive compaction process than
regular-type gutta-percha to reach a similar quality of root
canal backfilling.

In summary, the different components in gutta-percha
contribute to its differences in thermal behavior. The soft-
type gutta-percha shows a higher proportion of fluidity
compared to the regular-type. The regular-type has higher
brittleness compared to the soft-type. Based on the findings
of this study, it is imperative that clinicians be aware of
individual properties of different types of backfilling gutta-
percha, so clinical techniques can be adjusted accordingly
to ensure success in root canal treatment.
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