Restorative [ — Research Article
Dentistry ') elSSN 2234-7666
% Endodontics | Chaice’ Restor Dent Endod. 2025 August;50(3):e24

https://doi.org/10.5395/rde.2025.50.e24

Analysis of thermal profiles on tooth structure and insert during one-
piece or adapter-coupled ultrasonicinsert use: an in vitro
experimental study

Gabriela Loewen Brotto' ”, Bruno Monguilhott Crozeta’ ', Bruno Marques-da-Silva' *, Alysson Nunes Diégenes'
Emmanuel Jodo Nogueira Leal da Silva** ", Flavia Sens Fagundes Tomazinho'”

School of Health Sciences, Universidade Positivo, Curitiba, Brazil
2De]:JaTtment of Endodontics, Grande Rio University, Rio de Janeiro, Brazil
*Department of Endodontics, State University of Rio de Janeiro, Rio de Janeiro, Brazil

ABSTRACT

Objectives: This in vitro study aimed to evaluate temperature variation on the external surface of mandibular molars and
within ultrasonic inserts when using adapter-coupled versus one-piece inserts.

Methods: Twenty-four extracted human mandibular molars were divided into two groups based on the type of ultrason-
ic insert used: adapter-coupled and one-piece inserts. Temperature on the external surface of each tooth was measured
with a thermocouple probe positioned in the furcation area, capturing data continuously. The temperature of the ultra-
sonic inserts was monitored in real-time using a thermal imaging camera. Measurements were taken in a controlled en-
vironment without cooling for over 120 seconds. Statistical analysis was conducted using analysis of variance (ANOVA)
and two-way ANOVA with repeated measures to evaluate temperature variations between groups and over time, with
significance set at 5%.

Results: In the external tooth surface temperature measurements, no significant differences were observed between the
groups during the initial 15 seconds (p = 0.185) and 30 seconds (p = 0.067). However, significant differences emerged at
60 seconds (p = 0.025), 90 seconds (p = 0.024), and 120 seconds (p = 0.020), with the one-piece insert group demonstrat-
ing higher temperatures in the furcation region. Thermal imaging of the inserts revealed a significant difference at all time
points (p < 0.001), with adapter-coupled inserts showing greater heating.

Conclusions: The use of ultrasonic inserts leads to a gradual rise in temperature on the external tooth surface. One-piece
inserts generated higher temperatures on the tooth, while adapter-coupled inserts exhibited greater heating within the
insert.
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Thermal profiles in ultrasonic inserts

INTRODUCTION

Ultrasonic technology offers a wide range of applica-
tions in endodontics, making it an invaluable tool for
enhancing root canal treatment [1], retreatment [2,3],
and endodontic surgery [4,5]. Its uses include refining
access to root canals [6,7], locating hidden canals [8,9],
and effectively removing pulp calcifications and nod-
ules that may otherwise hinder treatment [10,11]. Fur-
thermore, ultrasonics assists in the removal of fractured
instruments [12,13] and root canal posts [14,15] and
can prepare areas that traditional instruments struggle
to reach, such as isthmuses and flattened canal spaces,
thus improving overall cleaning efficacy [16,17]. Ultra-
sonics is also frequently employed to activate irrigating
solutions, increasing their penetration and effectiveness
[18,19], and is used in obturation procedures for cutting
and condensing gutta-percha [20,21].

Ultrasonics operates by converting electrical energy
into high-frequency mechanical vibrations through an
ultrasonic insert, a process that can generate heat as
vibrational energy dissipates within surrounding tis-
sues and fluids [22]. This heat buildup, if excessive or
prolonged, may pose a risk to periodontal structures.
When the ultrasonic insert contacts dentin, additional
frictional forces can generate even more heat within the
tooth structure [23-27]. Excessive heating, if sufficiently
intense and/or prolonged, may damage the periodontal
ligament and alveolar bone [28,29].

In many of these procedures, continuous cooling
is often avoided to maintain clear visualization of the
operative field and ensure procedural accuracy. How-
ever, without cooling, significant temperature increases
can occur in both the tooth structure and surrounding
tissues, potentially reaching levels that pose risks to
periodontal health [29]. The degree of heat generation
varies based on several factors, including the type of
ultrasonic insert, power settings, and duration of activa-
tion [25]. Despite these known risks, there is a notable
lack of studies that quantify the extent of temperature
rise in procedures without continuous cooling. A clearer
understanding of these thermal effects is essential to
establish safer protocols and refine guidelines for pro-
cedures where cooling is limited, ultimately protecting
patient outcomes and periodontal integrity.
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Therefore, the aim of this in vitro study was to evaluate
temperature variation on the external surface of man-
dibular molars when using adapter-coupled inserts and
one-piece inserts, both operated without cooling for 120
seconds. Additionally, temperature variation within the
ultrasonic insert itself during use was assessed. The null
hypothesis tested posited that no significant difference
in temperature variation would be observed between
the different types of inserts.

METHODS

Sample calculation

Sample size calculation was conducted using the pro-
gram G*Power v3.1 for Mac (Heinrich Heine University
of Diisseldorf, Diisseldorf, Germany), based on analysis
of variance (ANOVA) with repeated measures. An effect
size of 1.78, an alpha error of 0.05, and a power of 95%
were set for the calculation. Results indicated that 12
samples per group would be sufficient to detect signifi-
cant differences.

Sample selection and specimen preparation

This study was approved by the Institutional Research
Ethics Committee of Universidade Positivo (CAAE
76141723.6.0000.0093).

Twenty-four extracted human mandibular molars
with two roots were selected. The teeth were cleaned,
and the crown was opened with round burs until the
pulp chamber floor was fully exposed. Radiographs were
taken with a digital sensor (Snapshot; Instrumentarium
Dental, Tuusula, Finland) using an exposure time of 0.3
seconds and a focal length of 30 cm. The thickness of
the furcation wall was measured in millimeters on the
radiographs, with all measurements performed by a sin-
gle operator.

The teeth were paired to create 12 pairs with similar
furcation thicknesses. One tooth from each pair was
randomly assigned to either the adapter-coupled or
one-piece insert group (Figure 1).

- Adapter-coupled group: adapter + spherical dia-
mond insert (Dental Trinks, Sao Paulo, Brazil) (n =
12)

- One-piece insert group: spherical diamond insert
(Dental Trinks) (= 12)
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One-piece

Adapter-coupled

Figure 1. Ultrasonic inserts used in the study. Spherical diamond insert in one-piece insert and adapter + spherical diamond insert in adapt-

er-coupled inserts.

A total of 24 inserts from the same manufacturer were
used, 12 from each model, with a single insert desig-
nated for each tooth. The teeth were stored in distilled
water at 37°C until the time of the experiment.

Use of ultrasonic inserts

The experiment was conducted in a room with con-
trolled temperature and humidity. Each specimen was
fixed in floral foam, immersed in water, and maintained
at 35°C in a bottle warmer. A thermocouple tip (type K
universal MTK-01; Minipa do Brasil, Sao Paulo, Brazil)
connected to an Arduino UNO R3 data acquisition de-
vice (Arduino, Ivrea, Italy) was positioned between the
floral foam and the furcation area of the tooth. This set-
up transmitted the temperature-time profile to a com-
puter, enabling continuous recording of temperature
changes on the root’s outer surface every second for 120
seconds.

A thermal imaging camera (Ti9; Fluke, Everett, WA,
USA) was used to record the temperature variation
in the ultrasonic insert during use. The camera was
mounted on a support at a distance of 50 cm from the
experimental setup.

Ultrasonic activation was performed using an ultra-
sonic unit (P5 XS Bled Newtron; Satelec Acteon, Méri-
gnac, France) set at a power level of 10, corresponding
to 50% of the device’s maximum power output. Each

https://doi.org/10.5395/rde.2025.50.e24

insert was moved in a linear motion within the furcation
region of the tooth, with a 3-mm forward and backward
amplitude, maintained throughout the experiment. To
standardize the ultrasonic action, the transducer was at-
tached to a device that enabled precise 3 mm horizontal
movement on each tooth.

This procedure was performed by a single trained op-
erator with 20 years of experience in endodontics. The
temperature variation of the tooth surface and ultrason-
ic insert was evaluated at 15, 30, 60, 90, and 120-second
intervals for the two groups.

Statistical analysis

Data were analyzed using Jamovi software, ver. 1.6 (The
Jamovi Project, 2021). Normality was assessed with the
Shapiro-Wilk test, confirming a normal distribution.
Temperature variation was evaluated using ANOVA,
followed by the Tukey test for multiple comparisons. A
two-factor ANOVA with repeated measures was con-
ducted to analyze the effect of time within each group.
The significance level was set at 5%.

RESULTS

On the external tooth surface, no statistically signifi-
cant difference between the groups was observed at 15
seconds (p = 0.185) and 30 seconds (p = 0.067). How-
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ever, significant differences emerged at 60 seconds (p
=0.025), 90 seconds (p = 0.024), and 120 seconds (p =
0.020), with one-piece inserts recording higher tem-
peratures across all intervals. At 120 seconds, the aver-
age temperature for one-piece inserts reached 55.6°C +
9.06°C, while adapter-coupled inserts averaged 48.3°C +
4.50°C (Table 1).

Regarding the temperature of the ultrasonic insert
itself, statistically significant differences were observed
across all evaluated intervals (p < 0.001), with adapt-
er-coupled inserts exhibiting higher temperatures
throughout. At 120 seconds, the average temperature
reached 58.5°C + 7.99°C in the adapter-coupled group,
compared to 46.4°C + 4.74°C in the one-piece group.
Furthermore, within each group, a consistent tempera-
ture increase was observed with prolonged activation
time (p < 0.001).

Thermal images captured during the experiment
showed that, for adapter-coupled inserts, the highest
temperatures were concentrated at the junction be-
tween the adapter and the insert. In contrast, for one-
piece inserts, the greatest heating occurred at the point
of contact between the insert and the tooth. Figure 2
illustrates these differences, highlighting the areas of
maximum temperature for each insert type.

DISCUSSION

The aim of this study was to assess temperature varia-
tion on the external surface of mandibular molars when
using adapter-coupled inserts compared to one-piece
inserts over a 120-second period. The null hypothesis
was partially rejected, as significant differences in heat-
ing were found between the two insert types. Notably,

Table 1. Temperature recorded on the tooth'’s external surface and the ultrasonic insert at 15, 30, 60, 90, and 120 second intervals in both

the adapter-coupled and one-piece insert groups

Temperature variation Inserts Time (sec)
15 30 60 90 120
Tooth Adapter-coupled 386+1.91°" 416+3.13" 446+ 426" 46.5+4.37"° 483 +4.50°
One-piece 40.3 +3.88* 455+6.23% 50.0 +6.53°¢ 527 +7.73° 55.6 +9.06°
Insert Adapter-coupled 44.8 +1.96™ 47.5+239 52.8+537°° 56.1+6.91°C 58.5+7.99"°
One-piece 346 +3.73" 36.3 +5.68™" 427 +290° 45.1 +4.23¢ 464 +4.74°

Values are presented as mean =+ standard deviation.

Different lowercase superscript letters indicate statistical differences within the same column for tooth and insert temperature variables (Tukey test,
p < 0.05). Different uppercase superscript letters indicate statistical differences across the same row (two-way analysis of variance with repeated

measures, p < 0.05).

22/02/2024

Figure 2. Thermal images captured during the experiment. (A) Adapter-coupled inserts. The highest temperatures were concentrated at the
junction between the adapter and the insert. (B) One-piece inserts. The greatest heating occurred at the point of contact between the insert

and the tooth.
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after 60 seconds of continuous activation, the tooth
temperature showed a significant increase in the one-
piece insert group compared to the adapter-coupled
group (Table 1).

A progressive temperature increase was observed
with prolonged activation time, a finding of clinical rel-
evance as these values exceeded critical thresholds for
maintaining the viability of dental tissues. Temperatures
exceeding 43°C—recorded as early as 30 seconds after
activation—are particularly concerning, as they have
been associated with periodontal ligament necrosis [30],
dental ankylosis [31], and bone resorption [28]. The
periodontal ligament, a delicate connective tissue with
limited regenerative capacity, is especially vulnerable to
thermal damage. Unlike mineralized tissues, which may
tolerate brief periods of elevated temperature, the peri-
odontal ligament is more susceptible due to its rich vas-
cular and cellular components. Sustained heating can
compromise its blood supply and structural integrity,
potentially leading to irreversible injury [30,31]. These
findings underscore the risk posed to periodontal and
periapical tissues during extended ultrasonic activation
and highlight the critical importance of effective cool-
ing strategies. In the absence of adequate cooling, the
likelihood of thermal injury to the periodontal ligament
becomes clinically relevant. These results are consistent
with previous studies that also demonstrated cumula-
tive temperature rises with ultrasonic use [24-27].

To mitigate the risk of thermal damage to tissues ad-
jacent to the tooth during ultrasonic use, continuous
irrigation is widely recommended [22-26,32]. However,
in various endodontic procedures—such as refining
root canal access, locating canals, removing pulp cal-
cifications and nodules, cutting and condensing gut-
ta-percha, and performing endodontic retreatments—
continuous irrigation is impractical, as it can obscure
visualization and, in some cases, impede the procedure
itself. To counteract potential thermal risks, periodic ul-
trasonic activation is recommended, with interruptions
every 30 seconds to allow for irrigation and cooling
[10,33].

In this study, temperatures exceeding 43°C were re-
corded after just 30 seconds of continuous ultrasonic
use. Based on these findings, it is recommended to take
breaks for irrigation and cooling every 15 seconds, as

https://doi.org/10.5395/rde.2025.50.e24

this interval provides sufficient working time while re-
ducing the risk of reaching harmful temperature levels.
The results also highlight considerable heating of the
ultrasonic inserts themselves. Thermal imaging showed
that in the adapter group, peak temperatures occurred
at the junction between the adapter and the insert,
while in the one-piece group, the highest temperatures
were observed at the contact point between the insert
and the tooth.

Although cutting effectiveness was not the primary
focus of this study, an observed difference between
inserts with adapters and one-piece inserts raises inter-
esting considerations. While adapters offer cost benefits
and enable tip interchangeability, they may dampen
the vibration of the inserts, particularly at lower power
settings [34]. In this study, the reduced heating of teeth
observed when using inserts with adapters suggests that
some vibrational energy may dissipate at the adapter-in-
sert junction, potentially impacting cutting efficiency.
However, it is important to note that these observations
are qualitative rather than quantitatively substantiated.
Future studies with precise quantitative analyses are
necessary to confirm this effect and evaluate its clin-
ical significance, particularly for cases requiring high
cutting precision. Furthermore, research is needed to
assess how cutting effectiveness, the amount of material
removed, and the remaining dentin thickness influence
the heat generated and transmitted to the periodontal
ligament and alveolar bone. This insight may assist
endodontists in selecting the most appropriate insert,
especially in cases requiring high cutting precision.

In this study, a stainless steel, spherical diamond in-
sert was selected due to its versatility, making it suitable
for a broad range of clinical applications, including ca-
nal localization, removal of coronal obstructions, restor-
ative materials, calcifications, and both temporary and
permanent cements. Nonetheless, ultrasonic inserts
differ considerably in design and material composition,
factors that may significantly influence their thermal be-
havior during clinical use. Therefore, further studies are
warranted to explore the thermal profiles of inserts with
varying geometries and materials, aiming to generate
evidence-based recommendations for optimal insert
selection according to specific clinical scenarios.

Although this study provides valuable data on the
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heat generated during ultrasonic use in endodontics,
several limitations should be noted. First, the in vitro
nature of the study cannot fully replicate the complex
dynamics present in the clinical environment, where
variables such as tissue type and individual anatomical
differences may influence temperature dissipation. Ad-
ditionally, while we observed differences in heat gener-
ation between one-piece and adapter-coupled inserts,
the exact impact of these temperature variations on
adjacent tissues, particularly over extended periods, re-
mains unclear. Future studies should explore the effects
of sustained ultrasonic use on periodontal ligament and
alveolar bone cells to determine the clinical significance
of elevated temperatures. Furthermore, it would be
beneficial to investigate how temperature varies across
different power settings, insert designs, and irrigation
techniques. Finally, expanding this research to include
a variety of ultrasonic insert designs and coupling sys-
tems could offer a more comprehensive understanding
of safety and efficacy, ultimately guiding clinicians in
selecting the most appropriate tools for specific end-
odontic procedures.

This study highlights the importance of managing
heat generation during the use of ultrasonic inserts
in endodontics. While efficient cutting is crucial for
procedures such as root canal access refinement and
calcification removal, our findings confirm that ultra-
sonic activation, particularly with one-piece inserts,
can rapidly increase temperatures to levels that may
jeopardize periodontal and surrounding tissue health.
Clinically, this underscores the need for incorporating
cooling pauses and, when feasible, intermittent irriga-
tion to mitigate thermal buildup. By balancing effective
cutting with thermal management strategies, clinicians
can perform ultrasonic procedures with greater safety,
reducing the risk of thermal injury while maintaining
the efficiency needed for precise endodontic work.

CONCLUSIONS

The use of spherical ultrasonic inserts leads to a gradual
rise in temperature on the external tooth surface. One-
piece inserts generated higher temperatures on the
tooth, while adapter-coupled inserts exhibited greater
heating within a spherical insert.
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