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Temperature and time variations during apical resection
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ABSTRACT
Objective: The aim of this study was to investigate temperature and time variations during root-
end resection.
Material and methods: Sixty human premolars were selected. The root canals were enlarged up to
ProTaper X3 rotary instrument. A thermocouple was placed into the root canal 1mm behind the resec-
tion line. The teeth were randomly divided into six groups according to the apical resection method:
steel bur, tungsten carbide bur, Lindeman bur, diamond bur, laser and ultrasonic surgical piezo with a
diamond tip. The root ends were resected 3mm away from the root apex. The temperature of the
root dentine during resection was recorded as maximum temperature, mean temperature and tem-
perature change. The time required for apicectomy was recorded for each group. The Kruskal–Wallis
method was used to analyse the differences between temperature changes during apical resections.
The significance level was set at 5%.
Results: There was no significant difference between bur groups in terms of temperature increase.
The maximum temperature in piezo surgery was significantly higher than the Lindeman, tungsten and
steel burs (p< .001). In addition, the maximum temperature in laser surgery was higher than the
Lindeman bur (p< .05). An increase in the temperature was mostly seen in piezo surgery and the least
temperature change occurred in the Lindeman bur. Mean time stayed under 1min in each group.
Conclusions: Although piezo caused the highest temperature increase, the measured temperature
increase was within physiological limits in all tested techniques.
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Introduction

The apical root canal anatomy of roots is the most complex
internal anatomy due to irregularities of the root canal sys-
tem, showing isthmuses and accessory canals [1,2]. These
anatomical challenges in the apical third of roots can consti-
tute difficulties for root canal treatment procedures and be
considered as a potential risk factor for the failure of treat-
ment [3,4]. Usually an apical root end resection, which aims
to remove the reservoir of persistent microorganisms in the
complicated anatomy of the apical few millimetres is sug-
gested in the case of failure of orthograde root canal treat-
ment procedures. When the apical 3mm of a root is
resected, it has been reported that approximately 92% of
irregularities of the root were removed [3].

During root-end resection, thermal changes may occur on
the root dentine of the tooth in the surgical site, which may
damage the periodontal ligament cells and alveolar bone [5].
To prevent damage to vital soft and hard tissues during
apical resection, it is important to control abnormal tempera-
ture increases in the tissues. The threshold of damage to
bone and periodontal ligaments is a temperature increase of
10 �C for more than 1min [6]. Accordingly, heat increases of
10 �C in teeth are generally considered safe. Therefore,

suitable cooling systems are designed for each method dur-
ing tooth or bone tissue cutting.

In recent years, more biologically acceptable technologies,
such as micro-instruments, ultrasonic piezo and laser, have
entered endodontic surgery. These modern techniques have
increased the success rates of all microsurgical procedures
[7]. To the authors’ knowledge, information on the thermal
changes in the root dentine in the surgical site during apical
resection with different techniques is lacking. The aim of the
study was to examine and compare temperature increase in
the root dentine and required time when using different
root-end resection techniques and materials.

Materials and methods

Based on data from a previous study a sample size of 60
teeth, 10 samples in each group, was calculated using
G�Power version 3.1.9.2 (Heinrich-Heine-Universitat,
Dusseldorf, Germany; power 0.80, a¼ 0.05, effect size ¼ 1.78)
[8]. The study protocol was approved by the ethical board of
a university (2019/10-316). Sixty human maxillary single root
premolars were used for the study. Two rooted, broken,
resorbed or curved roots were excluded. Roots were cleaned
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with curettes to remove soft tissue residues and stored in a
0.9% saline solution incubated at 37 �C. The access cavities
were prepared with a diamond round bur (Frank Dental,
Gmund am Tegernsee, Germany). Root canals were prepared
with Ni-Ti files up to X3 (ProTaper Universal rotary system,
Dentsply Sirona, Ballaigues, Switzerland). The root canals
were irrigated with 1% NaOCl. After the last irrigation, root
canals were dried with paper points. All these procedures
were performed by the same specialist dentist. Teeth were
stored in sterile distilled water at 37 �C and 100% humidity.

The teeth were randomly divided into six groups (n¼ 10).

Group 1: Steel fissure bur (a diameter of 1.8mm, Ela,
Thuringia, Germany)

Group 2: Tungsten carbide fissure bur (a diameter of 1.8mm,
Meisinger, Neuss, Germany)

Group 3: Diamond fissure bur (a diameter of 1.8mm, Frank
Dental, Gmund am Tegernsee, Germany)

Group 4: Lindeman bur (a diameter of 1.8mm, Meisinger,
Neuss, Germany)

Group 5: Diamond-tip piezo surgery (Ems PiezonVR Master
Surgery, EMS Dental, Nyon, Switzerland) with diamond-tip
(OTS7-4)

Group 6: Er, Cr: YSGG laser (WaterLase, BIOLASE, Irvine, CA)
with chisel-shaped sapphire tip (a diameter of 1.5mm –
0.5� 1.5mm at the distal end).

An insulated K type thermocouple (model 5SRTC-TT-K-36-
36, Omega Engineering, Manchester, UK) was used to meas-
ure temperature changes during apical resection. Root canals
were filled with a heat-conducting paste. The tip of the
thermocouple was extended into the root canal from the
access cavity and placed in a 1mm coronal area of the resec-
tion line and fixed with a removable adhesive (Patafix, UHU,
B€uhl, Germany). Thermocouples attached to the root canal
were isolated with paraffin wax, which prevented outside
temperature effects. The other end of the thermocouple was
connected to the data logger (HOBO temperature data

logger, Onset Comp., Bourne, MA). Temperature measure-
ments were done using HOBOware data logging software
(Onset Comp., Bourne, MA). The experimental setup used in
the apical resection is given in Figure 1. The room tempera-
ture was maintained at 27 �C.

The teeth were placed in a fixing jaw in a horizontal pos-
ition with the roots facing out. Each root was resected at a 90�

angle at a distance of 3mm from the apical under 0.9% NaCl
irrigation. The cutting process was performed by a single inves-
tigator from the apex to the resection line. During the cutting
process, another researcher recorded the temperature change
for each tooth on a computer programme graphically (Figure
2). In addition, the duration of the resection was recorded in
seconds. These procedures were the same in all groups.

In the first four groups, a surgical physio dispenser was
used (KAVO INTRAsurg 300, Kaltenbach & Voigt GmbH,
Biberach, Germany) at a rate of 40,000 rpm, a torque of 55
Ncm and a 40ml/min water coolant (0.9% NaCl, Kanfleks,
_Istanbul, Turkey). Diamond-tip (OTS7-4) piezo surgery (group
5) was used at continuous operation mode, maximum out-
put, 25 Watts, 24–32 kHz frequency range under cooling of
40ml/min. 0.9% NaCl (Kanfleks, _Istanbul, Turkey). In group 6,
Er, Cr: YSGG laser used wavelength of 2.941m, 3W, 20Hz,
50% water, 60% air, 300mJ, pulse duration of 140 ms. Laser
irradiation was performed with a chisel-shaped sapphire tip.

Temperatures during root-end resection procedures were
calculated and compared in three ways:

1. Maximum temperature: It is the highest recorded tem-
perature during the apical resection.

2. Mean temperature: It is the obtained average tempera-
ture during the apical resection.

3. Temperature change: It is the difference between the
maximum temperature and the initial temperature
before the apical resection.

Temperature measurements were recorded for every
second during root-end resection. The Kolmogorov–Smirnov

Figure 1. Experimental setup used in measuring temperature.
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test was applied to check for data normality.
(Kolmogorov–Smirnov test). The Kruskal–Wallis test was used
to compare the maximum and mean temperatures, tempera-
ture change and time of apical resection among the groups.
The significance level was set at 5% (SPSS version 21.0 soft-
ware; SPSS Inc., Chicago, IL).

Results

Maximum temperature

Table 1 shows the maximum temperature values at the oper-
ation site during the cutting methods. The lowest maximum
temperature was seen with the Lindeman bur (28.98 �C) and
the highest maximum temperature was seen in piezo surgery
(40.41 �C).

There was a significant difference between piezo surgery
and Lindeman bur (p< .001), piezo surgery and tungsten bur
(p< .001) and piezo surgery and steel bur (p< .001).
Accordingly, the maximum temperature in piezo surgery was
significantly higher than the other three methods. In add-
ition, a significant difference was observed between laser
surgery and Lindeman bur (p< .05) in terms of maximum
temperature. The maximum temperature in laser surgery was
higher than that with the Lindeman bur.

Mean temperature

Table 1 shows the mean temperature values at the tooth
root during the cutting methods. When the mean

temperatures were examined, the lowest temperature was
found in the Lindeman bur (28.85 �C). Piezo surgery pro-
duced the highest temperature (37.16 �C).

A statistically significant difference was found between piezo
surgery and Lindeman bur (p< .001), piezo surgery and steel
bur (p< .001) and piezo surgery and tungsten carbide bur
(p< .001). Accordingly, the mean temperature value in piezo
surgery was higher than the other three methods. Apart from
piezo surgery, there was no difference between the other
methods with regard to the maximum temperatures.

Temperature change

Table 1 shows the temperature changes during apical resec-
tion. An increase in the temperature of the tooth root den-
tine was mostly seen in piezo surgery (11.15 �C). The
minimum and maximum values of the temperature differ-
ence obtained in piezo surgery method were 3 and 24.15 �C,
respectively. Although there was no significant difference
between piezo and laser surgery (p > .05), piezo surgery pro-
duced significantly higher levels of temperature change than
the burs (p< .001). Even though there was no significant dif-
ference among the burs (p > .05), the least temperature
change occurred in the Lindeman bur (1.79 �C).

Time of apical resection

The mean time values of groups are given in Table 1. There
was no a significant difference among bur groups (p > .05)

Figure 2. An example diagram for temperature measurement made during apical resection.

Table 1. Maximum temperature (�C), mean temperature (�C), temperature difference (�C), and time (seconds) mean and standard deviation
(SDs) values of groups.

Maximum temperature Mean temperature Temperature difference Time
Mean ± SDs Mean ± SDs Mean ± SDs Mean ± SDs

Steel bur 30.5 ± 2.68ab 29.25 ± 1.83a 3 ± 2.68ab 20 ± 4.94ab

Tungsten carbide bur 29.54 ± 1.22ab 29.3 ± 1.09ab 2.41 ± 1.22ab 11.6 ± 2.71b

Diamond bur 32.47 ± 2.53ab 31.37 ± 2.04a 4.97 ± 2.53ab 14 ± 3.77b

Lindeman bur 28.98 ± 1.25a 28.85 ± 0,92a 1.79 ± 1.25a 9.4 ± 4.08b

Piezo surgery 40.41 ± 2.21c 37.16 ± 2.63b 11.15 ± 2.21c 55 ± 14.39a

Laser surgery 32.6 ± 2.01bc 30.57 ± 1.8ab 5.1 ± 2.01bc 45.8 ± 19.9a

In each column, different superscripts indicate statistically significant difference between groups.
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The longest mean resection times were spent in piezo sur-
gery and laser surgery (55 and 45.8 s, respectively). Piezo and
laser surgery were significantly different from Lindeman bur,
diamond bur and tungsten carbide bur in terms of resection
time (p< .001).

Discussion

Although it is possible that accessory canals and isthmuses
are associated with persistent apical periodontitis when they
have sufficient volume to harbour large numbers of microor-
ganisms [9], an accurate identification of these structures is
clinically impossible with the current imaging devices [10].
From a clinical perspective, an apical root-end resection,
which aims to remove the reservoir of persistent microorgan-
isms in the complicated anatomy may be performed on
teeth with persistent apical periodontitis after root canal
treatment. Numerous techniques and devices have been pro-
posed in the literature to obtain the ideal method for apical
surgery. Treatment results in endodontic surgery have
improved in recent years with the development and intro-
duction of microsurgical instruments that allow better man-
agement of root-end resection. It is important to have new
methods to minimize adverse effects, such as angled root-
end resections, cracks and smoothness of the resected apical
surface [11]. In addition, the present methods should have
appropriate cooling systems in the apical resection process
so as not to cause a temperature rise beyond physiological
limits in the tooth and surrounding vital tissues.

Currently, the literature lacks a detailed examination of
the temperature variation at the root end during apical
resection with different materials and techniques. This study
showed that the minimum temperature increase was realized
in the Lindeman, tungsten carbide and steel fissure burs.
This difference in temperature increase in these burs oper-
ated in the same physio dispenser system is related to the
groove structure and sharpness of the cutting edge. The dia-
mond fissure caused more friction and increased tempera-
ture due to the unclear groove structure of the bur. In the
laser group, the temperature increase was found to be
5.1 �C, and this increase was within physiological limits. In
this study, the highest temperature increase was seen in dia-
mond-tipped ultrasonic piezo surgery.

Ultrasonic piezo is widely used in implant and bone sur-
gery in dentistry. When used in bone surgery, it provides
greater safety during surgery [12]. Ultrasonic retro tips have
been reported to produce cleaner, mid-centred and more
protective root-end cavities than those prepared with con-
ventional burs. Ultrasonic techniques also significantly
remove bacteria, thereby improving treatment quality [13].
Ultrasonic devices have been used more frequently in root-
end cavity preparation than carbide or diamond burs [14].
For retrograde preparation with the ultrasonic surgical instru-
ment, the use of constant vibration mode has been pro-
posed [15]. In this study, a surgical ultrasonic instrument
with a diamond tip in a 100% force level was used in con-
stant vibrating mode. Although piezo surgery produced the
greatest heat increase, temperature changes and duration

were within the physiological limits during apical surgery in
this study.

According to the results of this study, the time required
for piezo and laser surgery was significantly higher than that
required for apical resection using Lindeman, tungsten car-
bide and diamond bur. The findings of this study are in
agreement with previous studies [16–18]. Lindeman, tung-
sten carbide, diamond and steel fissure burs performed
apical resection within similar times. The faster time dis-
pensed for the apical resection favoured a shorter surgical
time [16].

The intraoral temperature is likely to change during the
apical resection procedure, but it has been shown that the
correct use of resection methods does not cause long-term
temperature changes, does not increase above 47 �C and
does not cause any irreversible thermal damage [6]. In our
study, the highest temperature increase by piezo surgery
was 11.15 �C and the mean time of apical resection was 55 s.
Therefore, these results are slightly below the threshold indi-
cated by Eriksson and Albrektsson [6] (irreversible resorption
may occur in the alveolar bone tissue if the bone tempera-
ture increases by 13 �C for 1min or 10 �C for 5min). In meth-
ods other than piezo surgery, all temperature increases were
below the 10 �C safety level. In vitro studies are not entirely
like the in vivo environment. Clinically, root canals are filled
by gutta percha and root canal sealers before root-end resec-
tion. Depends on their composition, root canal filling materi-
als can act as an insulator or conductor [19]. Also, the in vivo
environment is the less susceptible to thermal changes than
the in vitro environment due to liquids, such as blood.
Therefore, in the in vivo environment, heat dissipates more
slowly than in vitro due to the isolation of blood in neigh-
bouring tissues [20].

Within the limitations of this in vitro study, the tempera-
ture variations in the surgical site during root-end resection
was investigated. It should be taken in the consideration
that the root end resection is not the only reason that may
cause heat generation during a surgical and non-surgical
endodontic treatment. Root canal filling with warm vertical
compaction [21,22], preparation of retrograde cavity [23],
usage of lasers [24,25] and ultrasonic tips [8] in root canal
may count as other reasons. Further studies are necessary,
especially in vivo investigations, to determine the thermal
change and its effects on periodontal tissue after
the treatment.

Conclusion

Although the temperature increase was higher in piezo sur-
gery than other methods, the temperature emerging in the
root dentine of all apicectomy methods remained within the
physiological limits. Further studies are needed to investigate
heat increases in apical surgery and other dental procedures.
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