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Abstract

This in vitro study evaluated the temperature rise on the outer root surface of the mandibular
first molar following root canal filling using the high-temperature, thermoplasticized, Gutta-Percha
technique (HTTG) (BeeFill) in the dog. Twelve extracted dog mandibular first molars were used.
After root canal preparation, the teeth were filled with thermoplasticized Gutta-Percha and root
canal sealer. Temperature changes on the vestibular surfaces of the mesial and distal roots of man-
dibular first molars were measured using a thermal imaging camera. The results of this in vitro study
showed that using HTTG to fill mandibular first molars in dogs produces a safe temperature rise on the
root surface and, therefore, should not damage the periodontal ligament and/or surrounding tissues.
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Introduction

Complete obturation of the root canal system with
an inert filling material and the creation of a hermetic
apical seal are the goals of successful endodontic treat-
ment. Gutta-Percha is the most commonly used root
canal obturation material because of its inertness, bio-
compatibility, and plasticity when warmed, and ease of
removal for post or retreatment (Golden and Henet
1992, Hammad et al. 2009, Bladowski 2011).
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Many Gutta-Percha obturation techniques are used to
fill root canals in the dog, including single cone, lat-
eral or vertical condensation and, more recently, ther-
moplasticized Gutta-Percha on the carrier (Ther-
mafil), low-temperature thermoplasticized injected
Gutta-Percha technique (LTGT), and high tempera-
ture thermoplasticized injected Gutta-Percha tech-
nique (HTGT) (Anthony 1991, Golden and Hennet
1992, Clark 1995, Mendoza 2000, Ulbricht 2002,
Lipski 2006a, Capik and Stvrtina 2008).
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Obturation of the root canal by injection of
Gutta-Percha, introduced by Yee et al. (1977), is
among the newest available root canal obturation
techniques. The most popular systems utilizing high
thermoplasticized Gutta-Percha are the Obtura II/III
(Obtura II/III, Obtura Spartan, Earth City, Missouri),
Element Obturation Unit (Element Obturation Unit,
Sybron Endo, Orange, California), E&Q, (E&Q,
Meta Biomed, Chungbuk, Korea) or BeeFill (BeeFill,
VDW, Munich, Germany).

By using these devices, the Gutta-Percha is heated
to a minimum temperature of 160oC, delivered into
the prepared tooth in conjunction with a root canal
sealer, and condensed vertically within the root canal
system.

Although tooth root tissues are poor thermal con-
ductors (Brown 1970), filling the canal with heated
Gutta-Percha may be responsible for the outer root
surface temperature (Lipski 2006a). Eriksson and Al-
brektsson (1983) conducted a vital-microscopic study
on temperature threshold levels for heat-induced
bone tissue injury in rabbits. They found that heating
bone tissue to 47oC for 1 minute caused bone re-
modeling and fat cell necrosis (Eriksson et al. 1982,
Eriksson and Albrektsson 1983).

Several in vitro studies examined the tempera-
ture produced on the outer root surface of human
teeth during the injection of high-temperature
thermoplasticized Gutta-Percha into the root canal
(Barkhordar et al. 1990, Weller and Koch 1995, Lee
et al. 1998, Sweatman et al. 2001, Lipski 2006b).
Sweatman et al. (2001) measured temperature
changes on the outer root surface of incisors and
canines and found temperature rises from 5.27oC to
6.23oC, and Barkhordar et al. (1990) found an in
vitro maximum mean temperature rise of 4.72oC us-
ing canines. In another in vitro study, Lipski (2006b)
measured the outer root surface temperature rise on
the mandibular and maxillary incisors and found the
average increase values to be 5.98oC and 9.57oC, re-
spectively.

The aim of this in vitro study was to measure the
temperature changes on the outer root surfaces of
mandibular first molars in the dog with infrared ther-
mography following the injection of Gutta-Percha
heated to 160oC (BeeFill).

Materials and Methods

Twelve mandibular first molar teeth extracted for
periodontal reasons or obtained from adult canine ca-
davers were used in this study. All teeth were micro-
scopically inspected to identify any defects or root
fractures.

After access cavities were prepared and the con-
tents of the pulp canal space were removed, a 10
K file was introduced into the canal until resistance
was noted. Subsequently, the instrument was removed
from the canal and the determined length was com-
pared with the actual length of the tooth. If the
measurement was approximately 2 mm shorter than
the actual tooth length, it was considered as the work-
ing length. The canals were enlarged apically to size
40 (7 mesial canals and 5 distal canals), 45 (3 mesial
canals and 4 distal canals), and 50 (2 mesial canals
and 3 distal canals) using a K file (K file, VDW,
Munich, Germany). The apical one-third was flared
using the step-back technique and the middle and co-
ronal two-thirds were shaped with sizes 2 through
4 Gates-Glidden drills (Gates-Glidden drill, VDW,
Munich, Germany). The canals were irrigated with
2 ml of 1% sodium hypochlorite solution after use of
each instrument, and dried with paper points.

The BeeFill system was prepared according to the
manufacturer’s instructions (BeeFill Operator’s Man-
ual, 1993). The working temperature was adjusted to
160oC. A 23-gauge needle from the BeeFill delivery
system was placed within 3 mm of the prepared apical
stop, and the Gutta-Percha was expressed. When back
pressure was felt, the needle was withdrawn and the
hand plugger (Hand plugger, Roeko, Langenau, Ger-
many) was used to apply firm apical pressure to the
Gutta-Percha. The remaining root canal space was
back filled until Gutta-Percha was observed in the ori-
fice, then compacted with a hand plugger to finish the
obturation.

To obtain root canal obturation and temperature
measurement, the crowns of the teeth were fixed with
the entire root surface exposed to the air. Tempera-
ture changes were recorded on the whole of the
mesial root surfaces during root canal obturation us-
ing a ThermaCam SC500 thermal imaging camera
(ThermaCam SC500 thermal imaging camera, Flir,
Danderyd, Sweden) and its dedicated software pack-
age. The camera was mounted on a stand perpendicu-
lar to the root surface and 15 cm away. The thermo-
grams were recorded at 2-s intervals over a period of
60 s. The experiment was carried out under controlled
environmental conditions (Ta = 21±0.6oC, RH
= 50±5%, air flow < 0.5 m/s). The camera was calib-
rated for distance, ambient temperature, and emissiv-
ity of the root tissue. The emissivity of the root tissues
was calculated to be 0.91.

Results

The mean temperature rise recorded on the outer
root surfaces of the mesial roots was 6.64±2.43oC
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Fig. 1. Temperature changes over time on the outer root surfaces of selected teeth during root canal filling using the BeeFill
system.

Fig. 2. Thermograms recorded during root canal filling using the BeeFill system. Thermal images of the surface of the mesial root
of a mandibular first molar were recorded (A, B) during the injection of heated Gutta-Percha into the root canal, (C) directly
after needle removal, (D) during vertical compaction using a hand plugger, (E) during a second injection of the Gutta-Percha
into the root canal space, (F) directly after needle removal, (G) during compaction using a hand plugger, and (H) directly after
completion of compaction.

(7.0-10.8oC) and of the distal roots was 6.12±2.23oC
(3.1-9.7oC) (no significant difference; Mann-Whitney
U test, p<0.05).

Figure 1 shows the temperature fluctuation on the
mesial and distal roots. The injection of heated

Gutta-Percha into the root canal produced two peak
temperature elevations; first, a lower elevation of
5.6oC and 4.3oC, respectively, after introduction of the
Gutta-Percha into the apical part of the root canals,
and second a higher elevation of 9.6oC and 9.7oC, re-
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Fig. 3. Thermograms recorded during root canal filling using the BeeFill system. Thermal images of the surface of the distal root
of a mandibular first molar were recorded (A, B) during injection of the heated Gutta-Percha into the root canal, (C) directly
after needle removal, (D) during vertical compaction using a hand plugger, (E, F) during a second injection of the Gutta-Percha
into the root canal space, (G) directly after needle removal, and (H) during compaction using a hand plugger.

spectively, after injection into the middle and coronal
parts. After this, relatively slow decreases in tempera-
ture were recorded.

Figures 2 and 3 represent thermograms of the ves-
tibular surface of the mesial and distal roots of the
representative mandibular molar recorded during the
root canal obturation.

Discussion

It is generally accepted that a temperature rise
higher than 10oC, when transmitted to the outer root
surface, could be responsible for damage to the ce-
ment, periodontal ligament, and alveolar bone. How-
ever, Rouiller and Majno (1953) described hard tissue
injury after heating the rabbit metatarsal or radial
bone to 55oC, and Sellius and Cohen (1991) showed
that hyperthermia of >6oC for 1 h causes apoptosis of
thymocytes. Other long-term studies on cultured cells
showed that osteoblasts are more sensitive to heat
than chondrocytes when exposed to a temperature in-
crease of 4oC for 4 days (Fluor et al. 1992).

In this in vitro study, the temperature rises gener-
ated by filling root canals with Gutta-Percha heated to
160oC ranged between 3.1oC and 10.8oC. Although
the critical temperature was exceeded in two cases, no
surrounding tissue damage is to be expected. This is
because the values were recorded in vitro, so the

increase would be significantly lower with the cooling
effect of the surrounding tissues and circulation. This
was confirmed by an in vivo study in cats, where pro-
cedures generating in vitro temperature increases
ranging from 12.8oC to 28.8oC (mean 22.3oC), when
used in clinical experiments, did not produce irre-
versible damage to the tissue surrounding the canine.
In the cited study, periodontal tissues were histologi-
cally assessed 35 days after the procedure (Lipski
2007).

The safety of the injection technique was proven
in an in vivo study in mongrel dogs by Gutman et al.
(1987), who showed no apparent periodontal tissue
destruction after the injection of high-temperature,
thermoplasticized Gutta-Percha (Obtura, 160oC)
into the root canal. In the study cited, the tempera-
ture changes on the external surface of the bone
overlying the roots obturated with thermoplasticized
Gutta-Percha were also recorded, and the maximum
temperature elevation over 60 s was found to be
1.1oC. In another in vivo study, Molywdas et al.
(1989) used two beagle dogs to assess periodontal
reactions following root canal filling using the same
system. The obturation with Gutta-Percha heated to
160oC caused an inflammatory reaction and destruc-
tion of collagen fibers in the area around the apical
foramen. The alveolar founding bone, the roots of
the teeth, and the periodontal ligament at the side of
the root surface remained normal. During the ob-
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turation procedure, no temperature measurements
were taken in the periodontal ligament or on the
bone overlying the roots.

Temperature increase on the root canal surface
might also be influenced by the temperature of the
Gutta-Percha injected into the canal. When filling
the canal in human teeth with thermoplasticized
Gutta-Percha at different temperatures, Weller et al.
(1995) observed that the temperature on the surface
of the tooth was significantly higher after injection of
185oC- and 200oC-heated Gutta-Percha compared
with the 160oC mass. In this study, the Gutta-Percha
was heated to only 160oC because the short filling
time enabled by the automatic BeeFill application
did not require higher plasticity.

In conclusion, the temperature rises recorded on
the outer root surface of mandibular first molars in
dogs are relatively low. From this in vitro study, no
evidence was found indicating that the BeeFill ob-
turation system (Gutta-Percha heated to 160oC)
would result in damage to the cement, periodontal
ligament, and/or alveolar bone as a consequence of
the temperature rise on the outer root surface of
these teeth.
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