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Abstract

The main goal of this study was to find out if thermal imaging may be useful in the evaluation of two types of anaesthetic
injections—with and without a vasoconstrictor. There were 20 patients (13 women and 7 men) involved in the study. The
group was divided into two subgroups. Patients from the first subgroup received infiltration anaesthesia (so-called: IA) of
lidocaine (2 mL) and the second group included patients, who received infiltration anaesthesia (so-called: IAN) of lidocaine
with 2% noradrenaline (2 mL). The obtained results showed a significant increase in the average temperature 10 min after
the injection. In the IA group, the temperature increase was nearly 1.0 °C what was 0.3 °C higher than in the IAN group.
Moreover, temperature changes showed a wide plateau between 10 and 25 min after anesthesia administration. The effect
of temperature rise was also observed on the contralateral cheek where there was no intervention renders by a contralateral

reflex.

Keywords Thermal imaging - Dentistry - Temperature - Anaesthesia - Anesthesia - Analgesia

Introduction

Nowadays, good pain control is a standard in dental practice.
At present, anesthetic agents are safe, effective, and can be
applied with minimal risk of serious allergic reactions.
There is a basic classification of local anesthetics by
their chemical substance—esters: cocaine, procaine, tet-
racaine, chlorocaine and amides: lidocaine, mepivacaine,
prilocaine, bupivacaine, etidocaine, articaine, ropivacaine
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and levobupivacaine. The forms of the products available
may vary from gels, ointments, sprays to solutions. Due to
the duration of action, local anesthesia can be divided into
short-acting ones, up to 30 min (2% lidocaine, 3% mepiv-
acaine), intermediate duration up to 60 min (4% articaine,
2% lidocaine, 2% mepivacaine, 4% prilocaine, 2% procaine)
and long-acting over 90 min (0.5% bupivacaine). We can dis-
tinguish vasodilating anesthesia such as lidocaine and artic-
aine, as well as vasoconstrictive anesthesia such as cocaine,
mepivacaine, ropivacaine (low doses) and additional sub-
stances added as vasoconstrictors: noradrenaline, adrenaline
and felypressin [1].

There are topical anesthetics used on the surface of the
skin and mucosa as well as injectable products. The common
techniques include infiltration (field anesthesia) or conduc-
tion (nerve block) [2].

There are various techniques used in applying local anes-
thesia such as inferior alveolar block, long buccal block,
mental nerve block, sublingual nerve block, posterior supe-
rior alveolar block, nasopalatine block, infraorbital block,
infiltrations (supraperiosteally), intraligamentary anesthesia,
electronic dental anesthesia (using the principles of trans-
cutaneous electric nerve stimulation) and intraosseous anes-
thesia [3]. The daily dental practice is focused on achieving
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sufficient local anesthesia. Stimulation of nociceptors,
responsive to noxious stimuli, results in pain. In general,
sensory neuronal conduction of noxious stimuli is blocked
by local anesthetics from accessing the central nervous sys-
tem. [4]. The principle of local anesthesia is neuronal mem-
brane stabilization through inhibition of ionic flow necessary
for sending neural impulses. [2].

Permanently charged sodium channel blockers delivered
through the pores of nociceptive ion channels can cause
nociceptive neurons to be selectively blocked. Studies have
shown that the majority of dental primary afferent neurons
have nociceptive neuron features, such as capsaicin sensi-
tivity and the presence of a hump in an action potential. As
dental primary neurons express many nociceptor-specific ion
channels and have the electrophysiological features of nocic-
eptors, it may contribute to searching for a new way of entry
for membrane-impermeable local anesthetic delivery [5].

Due to the mentioned vasodilative and vasoconstrictive
features of the different types of anesthesia, it seems that
their administration may lead to temperature changes in
tissues.

Infrared thermal imaging is a scientific discipline based
on infrared radiation detection from an object. The energy is
conducted to the detector and processed to make a tempera-
ture distribution map, where temperature values are defined
with a color scale [6]. Thermovision is commonly used in
many applications, from industry to medicine. The several
fields of medicine where thermal imaging is popular can be
pointed, i.e., allergology, physiotherapy, oncology or even
dentistry [7-10].

The relation between the tissue’s metabolism and temper-
ature of the body allows using thermal imaging for diseases,
injuries and inflammatory estimation. Monitoring the treat-
ment and healing processes became easy to perform through
temperature measurements [9, 11].

That is why for the purpose of this study, lesion-free areas
were selected for injections and thermal imaging was per-
formed to check the dynamics of thermal map changing due
to the application of two anaesthetic injectables—lidocaine
with or without noradrenaline for vasoconstriction.

Material and methods

A total of 20 cases took part in the study. The research group
consisted of 13 women and 7 men between the age of 26 to
87 years. The characteristics of age and general oral cavity
in both subgroups are shown below in Table 1. All patients,
who took part in this study, were healthy without any
ongoing infectious condition. Chronic conditions such as
hypertension were controlled well. On examination patients
reported no pain or other concerns. The oral cavity status
was assessed by the dentist as good in both groups, which
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Table 1 The general characteristic of subgroups participated in study

General status
of oral cavity

Subgroup name  Average age Median age SD

1A 50.6 53.5
IAN 44.7 325

16.3 Good
229 Good

means that no acute conditions or abnormalities such as pul-
pitis or broken teeth were observed. No gingivitis, cysts or
other conditions potentially correlated with inflammation
were clinically diagnosed. Moreover, for every subject, the
oral mucosa was examined, and in each case, the tissues
were diagnosed as healthy.

The group was divided into two subgroups. Patients
from the first subgroup received the infiltration anesthesia
(so-called: TA) of lidocaine (2 mL) and the second group
included patients, who received the infiltration anesthesia
(so-called: IAN) of lidocaine with 2% noradrenaline (2 mL).
Patients in both subgroups were given a single injection in
various lesion-free areas—in one oral quarter. Moreover, no
patient reported allergies to the administered anaesthetic.

Thermal imaging camera FLIR Systems T640 (FLIR Sys-
tems, Wilsonville, Oregon, United States) with a sensitivity
of 0.03 K was used to perform measurements. The measure-
ments were done in a Dental Clinic “Institute of Dentistry”
in Katowice by two dentists. The climatic conditions in the
measurement room were monitored and kept on a basic level
of 20.0£0.5 °C and humidity 46 +5%. Each patient had to
adapt to the environment temperature for 20 min before the
procedure and examination. According to the guidelines of
thermal imaging diagnostics in medicine, during the adapta-
tion process, patients stay calm in environmental conditions
with uncovered imaged body regions [7, 10—13]. Patients
were requested not to take painkillers or antipyretics in the
last 24 h, antibiotics in the past week, consume alcohol
within 24 h before the test, take sauna within 2 days prior
to the test, and a potential physical exertion on the day of
the test. The study group included only patients with 100%
negative responses.

Each thermal imaging was carried out from a distance
of about 0.7+ 0.1 m from a patient and the camera was set
perpendicularly to the measured region according to stand-
ards [11-13]. For imaging, the left and the right side of the
face were chosen and set as an anesthesia side and a control
side according to the procedure localization. Images were
taken before the administration of anesthesia, directly after,
and in 5, 10, 15, 20, 25 and 30 min after the injection. In
each moment, imaging was done for both sides of the face
(anesthesia and control side).

The research protocols were approved by the Bioethical
Committee at the Silesian Medical Council (permission no.
37/2016).
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The temperature parameters were calculated by averag-
ing the selected areas shown in Fig. 1. The ARO1 (large)
ROI corresponded to the cheek area, and the AR02 (small)
ROl indicated the anaesthesia localization (Fig. 1). The con-
trol side ROI matches with the anaesthesia ROI marked as
ARO02.

To ensure ROIs consistency between the subjects, the
cheek area (ARO1) was designated as a circle between the
lobe of ear, the corner of the mouth and the corner of the
eye for each patient. Moreover, the selected ARO1 area could
not overlap with the abovementioned structures. In case of
anesthesia ROI (ARO02), the localization of injection was
taken into consideration, which was indicated by the dentist.
The size of AR0O2 was chosen based on the visual assessment
of temperature changes obtained on all thermal images for
each patient.

The ThermaCAM TM Researcher Pro 2.8 SR-3 program
and MS Office Excel 2019 were used to analyze achieved
thermal images. The statistical analysis was performed with
the t tests for dependent variables when the normality and
homogeneity of variances were fulfilled and when not—
Willcox’s tests. For physiology and temperature param-
eters, statistical analyses were made at a significance level
of p<0.05 on Statistica software. All significant results were
marked on graphs.

Results

The obtained thermal images of anesthesia and the control
side for both subgroups are shown in Figs. 2 and 3.

Fig. 1 Areas of interest used to
calculate the average tempera-
ture of the cheek area (ARO1)
and the anesthesia area (AR02)
for a representative patient from
group TA

The primary visual evaluation of the thermal images
presented in Fig. 2 shows slight temperature changes in
contrast to Fig. 3 where one can see changes in tempera-
ture distribution directly after the procedure. An increase
in temperature can be seen in the anesthesia area. On the
other hand, a similar reaction seems to be visible on the
control side of the face. This probably may indicate a con-
tralateral reflex between body sides—in this study—faces.
Moreover, the temperature changes are highly visible in
Fig. 3 than 2 and on both sides of the face.

For a deeper analysis of the results for both groups,
IA and TAN, the small area (AR02) statistical analysis
was introduced and the temperature parameter taken into
account was the average temperature. The results are
shown in Fig. 4 for the IA group and in Fig. 5 for the AN
group.

In both groups, IA and IAN, the body surface (AR02—
small) temperature tends to increase. However, in the IA
group, the temperature change is almost 1.0 °C (Fig. 4). In
the IAN group, the temperature tends to rise up, however,
the difference is not as high as obtained for the IA group
and it is about 0.7 °C (Fig. 5). In both groups, the tem-
perature rising trend can be observed until 10 min after the
procedure, although it is clearly visible for the IA group.
After this time one can see some wide plateau period with
small fluctuations observed between 10 and 25 min after
anesthesia administered in both groups. Moreover, higher
SD values can be noticed in the group IAN (Fig. 5).

It can be also seen that for the IA group (Fig. 4) the
temperature raised statistically significantly after 10 min
of the procedure and level p < 0.05 has been achieved.
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Fig.2 Thermal images of a representative patient from the IA group of both face sides—a anesthesia side, b control side; performed before (1),
immediately after (2) and after 5 (3), 10 (4), 15 (5), 20 (6), 25 (7) and 30 min (8) after the procedure

Figure 6 presents the average temperature changes of the
control cheek. Area, which was used to calculate the aver-
age temperature on the control side, corresponds to the AR02
located on the treatment side.

One can see in Fig. 6 the significant increase of the average
temperature for the control side obtained and marked in Fig. 6
in time before and 15 min after and before and 20 min after the
procedure. It should be also noted that the temperature differ-
ence observed in Fig. 6 is almost 0.7 °C. Such a magnitude of
changes in the average temperature on the control side may be
related to the contralateral reflex.

However, for the IAN group, the temperature changes in
time for the control side are lower and not statistically signifi-
cant than which is presented in Fig. 7.

@ Springer

Discussion

Although the procedure of anesthesia was administered
to the area between mucosa and gingiva, a little decrease
of the cheek temperature was expected due to the lower
temperature of the injected product and a vasoconstrictor
added. However, the observed reaction was reverse and
seen on both sides, with a lower temperature change of the
control cheek. Obtained temperature changes are clearly
seen in thermal images presented in Figs. 2 and 3. Such
results may be associated with changes in blood flow in
cheek tissue due to interference caused by the anesthetic
agent. It may suggest that some effects of the procedure
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Fig.3 Thermal images of a representative patient from the IAN group of both face sides—a anesthesia side, b control side; performed before
(1), immediately after (2) and after 5 (3), 10 (4), 15 (5), 20 (6), 25 (7) and 30 min (8) after the procedure

performed in the oral cavity reflects also on the cheek
surface. Moreover, temperature changes observed on the
cheek showed some tendency to increase and this effect
has been obtained in both subgroups (IA and IAN) for
ARO2 ROI’s.

However, it should be underlined that body surface tem-
perature relates to many external and internal factors, which
may have impact to the temperature results. Some physi-
ological reactions may also be correlated with the stress
level [10, 14-16]. Moreover, intervention in soft tissue (in
this study it was gingiva and mucosa) may also cause the
reaction of superficial tissue being in touch with the place
of the intervention and its closest surroundings which was
reported previously [10, 17, 18].

The observations seen in thermal images have been con-
firmed by average temperature changes in time observed in
anesthesia regions for both groups (Figs. 4 and 5) which may
suggest the inducing inflammation due to the injection of
the external chemical substance. Such effects can be easily
traced by thermovision [10, 17-19].

It should be noted that the main goal of the study was
to show immediate and time changes in thermal reaction
of the body on two types of dental anaesthesia procedures.
It was mainly dictated by dentist’s practice and patient’s
feelings. It is known that anaesthetic drugs injected to the
tissue lead to vasoconstriction, so it seems to result in low-
ering the temperature. However, in provided studies, only
the body surface was imaged not the gingiva. Obtained
results showed the temperature increase of both sides of
mouth and some repeatable temperature changes such as
a wide plateau between 10 and 25 min after anesthesia
administration. Such observation and the time of the pla-
teau as well as the magnitude of temperature increase after
anaesthesia administration may bring some quantitative
thermal parameters which may correlated with patients’
feelings and prognostic of the possible side effects (i.e.,
time of pain sensation for patients) after treatment pro-
cedure. Moreover, obtained results clearly confirmed the
contralateral effect observed after anaesthetic procedures
which seems to be an important physiological observation.
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On the other hand, there were obtained differences in ther-
mal body response between two used anaesthesia proce-
dures. In the TA group, the temperature increase was nearly
1.0 °C and it was 0.3 °C higher than in the IAN group,
most probably due to lack of vasoconstriction in IA group.
Such effect was not observed since now and may come out

@ Springer

of difference in reaction on those two drugs. In our opin-
ion, it may be interesting to widen the studies.

Assessing temperature changes by dentists can be an
important diagnostic tool to exclude inflammation processes
not known by patients, previous medical and dental treat-
ments (i.e., Dermal fillers) not reported by patients when
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taking medical history or when full verbal examination is
not possible due to learning disabilities, dementia or other
mental health conditions. Immediate temperature assessment
can give information on changes in circulation such as vessel
obstruction due to pressure, increased vasoconstriction with
a significant decrease in temperature or sudden increase in
temperature due to an allergic reaction.

Observing distribution of an injected fluid with anesthetic
agent in thermal imaging can help assess the correct admin-
istration of infiltration anesthesia as well as monitor correla-
tion with patient’s sensations.

The observed temperature rise is probably similar to the
tissue inflammatory reaction during surgical intervention.
In this case, lidocaine, which provides slight vasodilatation
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[1], and noradrenaline, which provides vasoconstriction
[1], have been administered in anesthesia which may lead
to an increase and a decrease of soft tissue temperature [20].
The pressure from the administered solution may stimulate
mechanoreceptors leading to pain reduction. Plateau tem-
perature changes between 10 and 25 min after anesthesia can
be observed, as anesthesia achieves homogeneity, and it may
be correlated with distending of the solution in the tissue and
reaction similar to the inflammatory state. It may indirectly
confirm that cheek temperature changes are correlated with
some inflammation appearing after the injection—minor
external intervention which has been reported in surgical
teeth extraction [10].

The temperature increase in the control side of the face
may be a result of the contralateral reflex (Fig. 6). The tem-
perature is increasing, although the difference is lower than
for the treatment side (Fig. 4). Evidently, the contralateral
reflex is weaker than the original reaction and it is about
60% of primary response and such effect is observed in the
previously performed studies [21].

Conclusions

A significant increase in the average temperature 10 min
after injection on the cheek, where intervention was per-
formed, was obtained. Moreover, in the IA group, the tem-
perature increase was nearly 1.0 °C and it was 0.3 °C higher
than in the IAN group. The analysis of temperature param-
eters changes with time showed a wide plateau between 10
and 25 min after anesthesia was administered. The effect of
the temperature increase was also observed on the contralat-
eral cheek where there was no intervention what seems to be
caused by the contralateral reflex.
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