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Abstract

Introduction: The extraction of impacted third molars can be an invasive surgery that causes anxiety to the patient. This
emotional state can lead to physiological changes that impair the clinical procedure. Therefore, methods for anxiety control
have been investigated. A therapy that may present beneficial effects to control dental anxiety during third molar extrac-

tions is intravascular blood laser irradiation (ILIB); however, there are no investigations of this therapy on this topic.

Aim: To investigate the effectiveness of ILIB in controlling anxiety in patients undergoing extraction of impacted lower

third molars.

Material and Methods: This triple-blinded randomized clinical trial will include 44 patients with an indication to extract
one impacted lower third molar. Patients who accept to participate in the study and sign the free and informed consent
form, are over 18 years old, without significant systemic disorders, have not previously undergone extraction of third mo-
lars, and have a tooth with moderate or minimally difficult level of extraction will be included. Participants will be randomly

allocated, from block randomization, into two groups: a placebo group (Group 1; n = 22) that will be submitted to a sham

©2023 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.
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STAI-Y and after local anesthesia.

these vital signs.

laser; and an ILIB group (Group 2; n = 22) that will have the radial artery irradiated with a red laser (660 nm), 100 mW,
continuous mode, for 30 minutes. The STAI-Y scale will be used to evaluate anxiety before and after the ILIB session. The as-

sessment of blood pressure, oxygen saturation, heart rate, and salivary cortisol level will occur before the application of the

Conclusion: This research may provide new methods to control dental anxiety. The effects of ILIB on salivary cortisol, anxi-

ety status, heart rate, and blood pressure will also be evaluated and may provide evidence about this therapy on controlling

Keywords: Laser Therapy; Low-Intensity Light Therapy; Third Molar; Dental Treatment Anxiety

Introduction

Extraction of third molars is one of the most com-
mon procedures in the dentist's routine. Frequently, impact-
ed third molar extractions are surgical and invasive proce-
dures associated with fear and anxiety. Anxiety is an emotio-
nal reaction of anguish in anticipation of a future event, of-
ten leading to systemic changes, promoting physiological re-
sponses that make patient management challenging and can
lead to unsuccessful dental care [1,2]. Dental fear and anxie-
ty are highly prevalent and may impact oral health; thus,

strategies that prevent these feelings are desirable [3].

Anxiety is associated with vital signs alterations,
such as in the heart rate, blood oxygenation, and blood pres-
sure, in addition to changing salivary cortisol (SC) levels
[4-6]. In particular, changes in heart rate are described as a
reliable measure to determine an individual's anxiety [7].
SC is a hormone secreted by the adrenal cortex through sti-
muli from the hypothalamus and transmitted to the pitui-
tary gland in stressful situations. Considering that tooth ex-
traction causes disturbance to the individual, this procedure

is associated with increased SC levels [8].

Thus, to control anxiety due to third molar extrac-
tions, some methods are used, such as pharmacological ap-
proaches, herbal medicines [9], auriculotherapy [10], medi-
tation [11], and music therapy [12]. Currently, these ap-
proaches have been studied and are shown to be a safe and
efficient way to prevent and minimize anxiety in adults un-
dergoing third molar extraction surgery [13]. For example,
Midazolam is one of the most common medicines used in

the clinical routine for sedation in dental care; however, the
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herbal medicine Passiflora incarnata shows similar efficacy
to this drug [9]. Studies on auriculotherapy, meditation,
and music therapy show that these therapeutic options may
present a potential to be used as non-pharmacological alter-
natives for anxiety control and sedation during third-molar
extraction [10-12]. However, these therapies often need spe-
cialized professionals, which may enhance the surgery costs.
Therefore, studies on novel approaches that control anxiety

are encouraged.

A promising therapy that has been studied and pre-
sents beneficial results in controlling vital signs is the Intra-
vascular Laser Blood Irradiation (ILIB), on its modified tech-
nique [7,14]. It consists of continuously irradiating the site
of the radial artery with a low-power red laser. This treat-
ment brings benefits regarding pain control, improvement
in blood circulation, and modulation of inflammation by in-
hibiting the production of prostaglandins [15,16]. Further-
more, studies suggest that it may have an anxiolytic effect
on pediatric patients, modulating hormones that act on
anxiety [7]. However, to date, there are no studies that have
evaluated the effectiveness of ILIB on the control of anxiety

in patients undergoing third molar extraction.

Thus, considering that studies on this subject are
scarce, it is of great interest that clinical trials provide better
information in the area that may contribute to the dental
care practice. Herein, we present a study protocol that will
evaluate the effectiveness of using ILIB in controlling anxie-
ty in patients undergoing surgical extraction of impacted
lower third molars. This study hypothesizes that ILIB will re-

duce anxiety, maintain vital signs, and control SC levels.
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Material and Methods

This is a triple-blind randomized clinical trial that
will be carried out with patients who will undergo third mo-
lar extraction and will be submitted to ILIB or a placebo

group. The study was approved by the institution's ethics

-

Recruitment

3

committee (CAAE number: 70342023.0.0000.5076) and reg-
istered in the Brazilian Clinical Trial Registry (REBeC:
RBR-9ycg67p). This study followed recommendations from
the SPIRIT guide for clinical trials [17]. Figure 1 demons-
trates the study flow and Figure 2 demonstrates the study

flowchart.
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Participants

Patients who will undergo surgery to extract an in-
cluded third molar will be selected from the UniEvangélica
Dental Teaching Clinic, in the Oral Surgery discipline. The
Openepi  software,  available on  the  website
http://www.openepi.com, was used to calculate the sample
size, considering the prevalence of patients with moderate
or high anxiety according to a study by Gurram et al [11].
For this calculation, parameters were considered as a signifi-
cance level of 95% (1 - a type I error), study power of 80%
(1 - beta type II error), and sample size ratio between ex-

posed and unexposed of 1.

To date, there are no studies that evaluated the ef-
fect of ILIB on dental anxiety; therefore, the study by Gur-
ram et al [11] was considered for the sample calculation. In
the cited study it was evaluated the effect of meditation, a
non-pharmacological method, on the anxiety levels of pa-
tients undergoing surgical extraction of impacted third mo-
lars. It was considered that the percentage of non-exposed
(placebo group) and exposed (intervention group) positive
individuals were 64% and 19%, respectively. Therefore, the
number of individuals to be included in the present study

will be 44 participants, considering continuity correction.

The study inclusion criteria will be: patients who
accept to participate in the study and sign the informed
consent form, over 18 years old, ASA I or II classification
[18], who have not previously undergone tooth extraction
of third molars, with indication of extraction of at least one
lower third molar, with a moderate or minimally difficult
level of difficulty according to Pederson's classification [19].
This classification will be performed by a previously trained
researcher, using the panoramic X-rays of the patients eligi-

ble for the study.

The exclusion criteria will be patients with signs of
infection or inflammation near the teeth indicated for ex-
traction, with psychiatric disorders, cognitive distortions
that impair the questionnaire interpretation and applica-
tion, patients using anxiolytic or antidepressant medica-
tions, pregnant women, and patients who do not have at

least one radial artery available for ILIB therapy.
Patients will be invited at the time of their surgery
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consultation, immediately before the surgical extraction. Re-
cruitment will occur until the number of patients is
reached. The surgery will be performed by students in the
last year of the Dentistry course, under the guidance of pro-
fessors specializing in oral and maxillofacial surgery. The
study will be discontinued in case of severe collateral effects.

This study does not plan an analysis of partial results.
Randomization and Blinding

Participants will be randomly assigned into two
groups: Group 1 (Placebo) and Group 2 (ILIB). Randomiza-
tion will be carried out to ensure the formation of groups
with a fixed number of individuals. The electronic genera-
tor “www.sealedenvelope.com” will be used for block ran-
domization, with four participants per block. A collaborator
who will not actively participate in the clinical trial will be
responsible for generating the random sequence and sealing
it in opaque envelopes. The numbers 1 and 2 will be used to
identify the participant's allocation group. The patient will
be allocated to the group before the surgical procedure, af-
ter collecting vital signs data and applying the question-

naires, immediately before the ILIB or placebo session.

The patient will be blinded to the allocated group.
For this, one of the researchers will instruct the participant
to close their eyes and wear a blindfold, until the researcher
places a black tape on the laser beam that will prevent it
from irradiating the radial artery. Furthermore, an opaque
black fabric that prevents the passage of light will be used,
ensuring the patient's blinding. The researcher responsible
for measuring vital signs and applying the questionnaire,
and the one responsible for statistical analysis of the data,

will also be blind to the participants' group.
Study Groups

Group 1 (Placebo)

Patients in this group (n=22) will undergo placebo
treatment with a sham Laser. Low-power laser equipment
(InGaAIP) will be used coupled to a bracelet (LaserDuo,
MMOptics Equipamentos, Sao Carlos, Brazil), worn on one
of the wrists of the participant, over the radial artery. The
equipment will be programmed in ILIB-1 mode, however,
the laser beam exit will be covered with black tape that will

prevent the passage of light, thus, no energy will be irradiat-
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ed to the patient. An opaque black fabric will be placed over
the laser equipment and the patient's arm to ensure partici-
pant blindness. After the programmed time of 30 minutes,
the equipment will emit a characteristic sound that identi-
fies the end of the therapy. Before each participant, the laser
tip will be disinfected with a 70% alcohol solution. The

equipment will be kept on the charger while not in use.

Group 2 (ILIB)

Participants in this group (n=22) will undergo the
ILIB session using the equipment mentioned above (Laser-
Duo, MMOptics). The protocol will be based on a previous
study [7]. For therapy, the ILIB.1 mode of the equipment
will be selected, which has as parameters: wavelength of 660
nanometers (red laser), 100 mW of power, continuous
mode, with light irradiation for 30 minutes, laser beam exit

area of the 3mm’.

The equipment will be positioned over the radial
artery and fixed with the manufacturer's bracelet. The irradi-
ation will be punctual and as perpendicular as possible. In
the same way as for the previous group, an opaque black fab-
ric will be placed over the laser equipment and the patient's
arm. Before each participant, the laser tip will be disinfected
and wrapped in a plastic film. The equipment will be kept
on the charger while it is not being used and at the beginn-
ing of each working day, the power of the equipment used
will be measured using Laser Check (MMOptics Equipment-
s).

Outcomes
Anxiety

Dental treatment anxiety will be the main out-
come and will be assessed using the Portuguese-translated
version of the State-Trait Anxiety Inventory, Form Y (S-
TAI-Y) questionnaire [20,21]. The questionnaire will mea-
sure anxiety status before and after the ILIB/placebo ses-
sion. The STAI-Y questionnaire in T-1 form will be used in

this research to consider the current status of anxiety.

The questionnaire has 20 questions with four alter-
natives each, in which the patient must indicate whether
they strongly agree or do not agree at all with the statement.

The score of the items will be summed to obtain the respec-
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tive total score, which may vary between a minimum of -30
(low anxiety) and a maximum of 50 points (high anxiety).
The items related to the absence of anxiety are scored invert-

ed (i.e., theitems: 1, 2, 5,7, 9, 11, 12, 15, 19, 20).

The participant will answer the questionnaire after
the acceptance of the signed informed consent and before
the ILIB/placebo session. The time to complete the question-
naire is approximately 10 minutes. If there is difficulty in un-
derstanding any question, the patient may request an expla-
nation from the researcher responsible for applying the in-
strument. The STAI-Y will be applied again, through an in-
terview, after four minutes of the anesthesia of the tooth to
be extracted. According to Gadve et al. [22], this time corre-
sponds to the maximum heartbeat recorded during surgery

to extract third molars.

Vital Signs

The participants' vital signs will be assessed at two
moments: before the STAI-Y questionnaire interview and

four minutes after the local anesthesia.

Diastolic and systolic blood pressures will be mea-
sured using an electronic pressure monitor with an attached
cuff (HEM-7122, Omron, Kyoto, Japan). To guarantee cali-
bration, charged batteries will be used. The evaluation of
heart rate and oxygen saturation will be conducted by using
a pulse oximeter (OLED GRAPH, GTech Brasil Ltda, Sdo
Paulo, Brazil), after an observational period of approximate-
ly 15 seconds, the research will register the higher value not-

ed for heart rate and oxygen saturation.

Molecular Study

Saliva sample collection

Saliva collection to assess the level of SC will be car-
ried out in two moments: after the STAI-Y first assessment,
in the questionnaire application room, in a calm environ-
ment, with artificial lighting, which allows the participant to
sit down; and in the second moment, saliva will be collected
after local anesthesia, with the participant sit on the dental

chair.

The participants will be instructed to rinse their

mouths with water to eliminate possible food residues. A
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specific kit will be used to collect saliva (Sarstedt Inc., Niim-
brecht, Germany), and a cotton roll will be positioned in the
participant's mouth, on the floor of their mouth, who will
be instructed to remain quiet, with their head slightly tilted
forward. After approximately two minutes, or after noticing
that the cotton is soaked in saliva, the cotton roll will be re-
moved. After collection, the Salivette tubes (Sarstedt Inc.)
will be kept in a thermal box with ice until centrifugation.
The samples will be centrifuged at 4,500 rotations/minute
(rpm) for 15 minutes and stored in 2mL Eppendorf tubes,
after which they will be stored in a -4°C freezer until the SC

tests are carried out.

SC Assessment

For this assay, the competitive ELISA test will be
used using the Enzyme Immunoassay kit (Salimetrics Kit,
LLC, USA), according to the manufacturer's instructions.
Briefly, the samples will be mixed, centrifuged, and deposit-
ed in each well of a 96-well plate coated with the antibody.
After this, the enzyme conjugate will be added and the plate
will be agitated using a microplate shaker. The wells will be
washed with a buffer solution and the substrate will be add-
ed. Finally, a new wash and pipetting of the reaction-stop-

ping solution will be carried out.

The assay will be read in a spectrophotometer with
an absorbance of 450nm. To determine the concentration
of each sample, a standard curve will be constructed, accord-
ing to the manufacturer's determinations, and the absor-
bance values obtained will be transformed into the cortisol

concentration in pg/dL.

Clinical and Epidemiological Data

Information will be collected from participants' re-
cords such as name, city of origin, age, sex, level of educa-
tion, and difficulty in extracting the third molar. This data
will be collected using a specific form created by the re-
searchers. After the ILIB / placebo session, participants will
be asked to answer whether they would recommend the
therapy to other patients, whether they felt any discomfort,

or if they would like to share their experiences.
Statistical Data Analysis

Comparison of the clinical and demographic char-
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acteristics of patients between the two groups will be per-
formed using the Pearson Chi-square test for categorical
variables. To compare the anxiety status, blood pressure,
and heart rate, the Kolmogorov-Smirnov normality distribu-
tion test will be performed to determine the most appropri-
ate test for each comparison (Wilcoxon and Mann-Whiney,
or ANOVA and t-test of Student). The Wilcoxon test will
be used to compare SC values at different times within the
group. The Mann-Whitney test will be used to compare SC
between groups. The p-value <0.05 will be considered statis-
tically significant. Statistical analysis will be performed us-
ing the IBM SPSS 24.0 statistical package (SPSS Inc., Chica-
go, IL, USA).

Discussion

This is a research protocol to investigate the role
of systemic laser irradiation in controlling dental anxiety.
The use of LASER in dentistry is well established, mainly in
relation to its use as photobiomodulation therapy, high-
-power lasers, and photodynamic therapy [15,16,23]; howev-
er, the literature lacks information about systemic LASER

therapy, especially in Dentistry [15].

The extraction of included third molars often re-
quires minor oral surgery techniques, and because of that, it
is usually associated with dental anxiety that can cause sys-
temic effects that hinder the surgical procedure [24]. Be-
sides that, patients with high anxiety traits may experience a
worse postoperative recovery [25]. In this way, methods to
control dental anxiety have been proposed. The pharmaco-
logical method is the most used and studied [9]; however,
the possible side effects must be considered and may limit
their use [26]. In this way, non-pharmacological approaches

have been proposed [13].

Auriculotherapy, meditation, and music therapy
are non-pharmacological methods that demonstrate an ef-
fect on controlling dental anxiety during surgical extraction
of third molars [10-13]. However, these alternative thera-
pies require qualified professionals so that they can be
routinely used. Therefore, other methods must be investigat-
ed, we highlight that ILIB may have anxiolytic effects [7].
There is still a lack of evidence to justify the use of ILIB on

anxiety control; however, it is highlighted that it is a promis-
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ing therapy, easy to perform, and of low cost, which can

help control dental anxiety.

ILIB may improve vital signs, especially oxygen sat-
uration, hematological parameters, blood pressure, and
heart rate [7,27]. It is important to highlight that anxiety
promotes changes in heart rate, and the maximum peak of
heartbeat in the surgical extraction of third molars occurs
approximately 4 minutes after local anesthesia [22], because
of this, this was one of the periods chosen for assessment.
We believe that due to the effect of ILIB on heart rate, this
therapy may also demonstrate an effect on controlling anxie-

ty in patients undergoing third molar extraction.

Additionally, ILIB gained notoriety during the
COVID-19 pandemic, when an effect of its use on the oxy-
gen saturation levels of individuals infected with the SARS--
CoV2 virus was demonstrated [14]. It is suggested that ILIB
may be effective in treating the main causes of death result-
ing from COVID-19, which are pulmonary edema, pneumo-
nia, and acute respiratory distress syndrome [14]. Although
we will not include patients with oxygen saturation impair-
ment, we believe that in this study, ILIB will help in the

maintenance of the normal parameter of this vital sign.

Despite the variety of protocols described for ILIB
[7,14,27-29], the protocol adopted in the present research it
will be based on the manufacturer's guidance and previous
study, that also used red light and an irradiation time of ap-
proximately 30 minutes [7]. According to Zhao et al [30],
the therapy uses the intensity at the tip of the optic fiber
about 10° mW/cm®, and considering the speed of blood
cells, the time of each blood cell is about 10 ms, each blood
cell receives an energy about 100 J/m’. In the present study,
the parameters that will be used are similar to those de-
scribed, the power density at the tip is approximately 3,333
mW/cm’, and each blood cell will receive 333 J/cm’. The
time of irradiation in the literature is described as 30min up
to 60min [31-33], to try to irradiate all blood cells in a reli-
able time, that would be reproducible in ambulatory sett-
ings, in the present study the irradiation time will be 30 min-

utes [7, 33].

Additionally, the target of the ILIB is Oxyhemo-
globin, this molecule presents a higher absorption coeffi-

cient when red light is used, whereas above 600nm melanin
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and water show peaks of light absorption [34,35]. Addition-
ally, longer wavelengths present a higher depth penetration,
thus it would be rational to use the red laser, to guarantee
that the photons would be absorbed by the oxyhemoglobin
and improve the oxygen carrying of the blood, not by the
melanin [34,36,37].

The therapy adopted can also result in accelerated
healing and reduce the surgical side effects, since ILIB may
present a potential for increased tissue repair and control of
the inflammatory process [27]. However, in this study, the
effects of ILIB on tissue repair and its anti-inflammatory ef-
fect will not be evaluated, as this would be associated with a
higher cost, longer patient follow-up time, and the need to

control the researcher responsible for the extraction.

SC is a hormone released in stressful situations
that aims to control this emotional state; thus, it is also re-
leased in anxiety situations [38]. To date, few studies have
investigated the action of ILIB on SC levels in dental proce-
dures [7]. The results of the present study may be important
not only to investigate the possible effect of the ILIB on anxi-
ety control during dental treatments but also in other condi-
tions related to dysregulated cortisol levels, such as cardio-
vascular diseases, stroke, and as a possible mediator of an as-
sociation between Alzheimer's and diabetes mellitus
[39-41].

Regarding the STAI-Y, it is important to point out
that several instruments measure anxiety or dental fear;
however, most of these instruments are related to the trait
of general anxiety, not anxiety status at the time of assess-
ment [42,43]. Thus, to measure the current status of anxie-
ty, at the time of the third molar extraction or immediately
before it, the first part of the STAI-Y questionnaire will be
used [20,21], we believe that it will reflect in a more appro-
priate assessment of patient's anxiety before and during

third molar extraction.

Finally, we believe that ILIB will be effective in con-
trolling anxiety in patients who will undergo the extraction
of impacted third molars, as the systemic LASER presents
promising results in controlling the vital signs related to
dental anxiety. The nature of this research, a randomized
controlled clinical trial with a placebo group, will be impor-

tant to determine whether the effect comes from the thera-
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py adopted, or because the patient remains without activi-
ties for around 30 minutes in a calm environment. There-
fore, the originality of this research may promote evidence
of ILIB in controlling dental anxiety, SC levels, heart rate,

and oxygen saturation.

Conclusion

The results of the research protocol presented may
provide evidence on the ILIB effects on dental anxiety, SC,

and vital signs related.
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