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LIST OF ABBREVIATIONS
AAPD – American academy for pediatric dentistry
AMSA – anterior median superior nerve block
ASICs – acid-sensing ion channels
CAIO – computer assisted intraossal anesthesia
CCLAD – computer-controlled delivery of anesthetic
CFSS-DS – dental subscale of children's fear survey schedule
DV – DentalVibe
EAPD – European academy for pediatric dentistry
EPT – electric pulp testing
Er:YAG – erbium yttrium aluminium garnet
FIS – facial image scale
FLACC – Face, Legs, Activity, Cry, Consolability scale
ICDAS – International caries detection and assessment system
LA – local anesthesia
LLLT – low level laser therapy
P-ASA – palatal approach of anterior superior alveolar injection
PA – placebo analgesia
PlA – preemptive laser analgesia
pH – measure of the concentration of hydrogen ions
RCT – randomized controlled trial
SD – standart deviation
SE – standart error
SЕМ – scanning electron microscopy
SPIRIT – Standard Protocol Items: Recommendations for Interventional Trials
VAS – visual analogue scale
VR – virtual reality
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I.

INTRODUCTION
Pain management is one of the most important aspects in the care of pediatric patients.

Modern methods of achieving local anesthesia must be able to be applied safely,
effectively and with minimal concern for allergic reactions. Additional key factors in childhood
are the possibilities for painless application, limiting the volume of collaterally anesthetized
tissues and rapid recovery of sensitivity after manipulation.
The successful application of local analgesia is an important factor in the management of
child-patient behavior. An increasing number of studies in children are focusing on nonpharmacological methods to reduce local analgesia discomfort, such as warming or buffering
local anesthetics, cooling the injection site, and applying vibration or pressure from high-tech
pain relief devices before or after injection of local anesthesia. In addition to the effective
injection method, the introduction of highly engaging forms of distraction is studied in order to
divert attention from the stress factor through means of audio-visual stimulation and virtual
reality, which led to the introduction of a new term in the literature - "virtual anesthesia". Other
methods aim to replace infiltrative analgesia with one supplied by physical means, such as laser
analgesia. This paper also addresses several gaps in knowledge that indicate direction for future
research needs.
Recommendations for the choice of analgesia method in relation to the needs of dental
treatment and the evidence for the most effective and comfortable injection technique are
insufficient. In search of an alternative to injectable analgesia, modern technologies present the
possibility of laser-induced analgesia.
The use of age-appropriate terminology, topical anesthetics and non-pharmacological
agents for effective injection techniques, or replacement with non-injectable ones, can serve to
build trust in the patient-dentist relationship, soothe fear and anxiety, and create a positive dental
attitude.
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II. AIM AND OBJECTIVES

The aim of this dissertation is to study the possibilities for non-pharmacological control
of pain and anxiety associated with local analgesia in pediatric patients.
To achieve this goal, the following objectives are set:

1. Study of the efficacy of a DentalVibe device for reducing anxiety and pain during local
infiltrative anesthesia in pediatric patients.
2. Study of the efficacy of a virtual reality device for reducing anxiety and pain during local
infiltrative anesthesia in pediatric patients.
3. Comparison of the efficacy of two non-pharmacological methods for distraction - through
DentalVibe and virtual reality, to reduce pain and anxiety during local injection anesthesia
(LA) in childhood.
4. Study of the possibility of photobiomodulation with Er: YAG laser to achieve safe
preemptive laser analgesia in pediatric patients.
4.1. Study of the morphology of the enamel surface after laser analgesia with Er: YAG scanning electron microscope (CEM) study.
4.2. Study of the efficacy of a modified Er: YAG laser protocol for achieving preemptive
laser analgesia in pediatric patients.
5. Development of recommendations for non-pharmacological control of pain and anxiety
associated with local analgesia in dental patients in childhood.
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III. MATERIALS AND METHODS
 Objects of observation
Objective 1. The object of the study are 41 children aged 8 to 12 years.
Objective 2. The object is 40 children aged 8 to 12 years.
Objective 3. The site is 81 children aged 8 to 12 years, randomly selected during a visit to the
Department of Pediatric Dentistry, Faculty of Dental medicine, MU - Plovdiv, who participated
in the studies of objectives 1 and 2.
Objective 4.
Subobjective 4.1. Twenty-four extracted human premolars, selected from anonymous sources
from the Department of Oral Surgery, Faculty of Dental medicine, MU - Plovdiv.
Subobjective 4.2. The subject of the study were 41 children aged 10 to 12 years.
Objective 5. Scientific and educational specialized literature, official documents of international
and national professional organizations, normative documents operating in the country, own
research on the problem.
 Units of observation
Objective 1: Eligibility
Inclusion criteria: The study participants were children aged 8 to 12 years, identified as
positive or definitely positive by the Frankl Behavioral Rating Scale, who were not considered
medically compromised or medically complex patients without previous experience with local
anesthesia requiring infiltrative analgesia to extraction of two temporary molars located
bilaterally on the upper jaw.
Exclusion criteria:
Patients undergoing therapy with neurological, sedative, analgesic and / or antiinflammatory drugs up to 7 days before treatment, who are dental patients for the first time or
have a proven allergy to local anesthetics from the amide group.
Objective 2: Criteria for enrollment
Inclusion criteria: Children aged 8 to 12 years, identified as positive or definitely
positive by the Frankl Behavioral Rating Scale, who are not considered medically compromised
patients without previous experience with local anesthesia for dental treatment. Children who
have no previous experience with the use of a virtual reality device during dental treatment who
meet the criterion for the need for conservative treatment of caries of two vital temporary molars
located bilaterally on the upper jaw.
Exclusion criteria: Patients undergoing therapy with neurological, sedative, analgesic
and / or anti-inflammatory drugs up to 7 days before treatment who are dental patients for the
first time. Patients with an allergy to local anesthetics of the amide group who have vision
requiring correction with optical glasses or a history of photosensitive epileptic or non-epileptic
seizures. Patients with recent trauma to the eye or face.
Objective 3. As described in objetives 1 and 2.

7

Objective 4.1. Forty-eight surfaces obtained by mesiodistal division into two halves of
twenty-four extracted human premolars, without cracks, erosion, caries or any structural defect.
Objective 4. Subtask 4.2.
Inclusion criteria: Children aged 10 to 12 years, identified as positive or definitely
positive, who are not considered medically compromised patients, in need of conservative
treatment of dental caries on the occlusal surface and / or in the foramen caecum of two
permanent maxillary molars without previous fillings or dental sealants.
Exclusion criteria: Patients undergoing therapy with neurological, sedative, analgesic
and / or anti-inflammatory drugs up to 7 days before treatment who are dental patients for the
first time. Patients who underwent or underwent remineralizing therapy up to 6 months before
enrollment in the study. Excluded are first molars diagnosed with molar-incisive
hypomineralization, fluorosis, and other types of dysplasia.
 Outcome measures
Gender, age, dental fear, dental status, hemodynamic parameters, subjective and objective pain
sensitivity and anxiety, subjective perception of treatment by the child. The studied indicators endpoints, are presented by tasks as follows:
Objectives 1, 2 and 3:
- Subjective pain during local anesthesia - after infiltration of local anesthesia using a
visual analog scale (VAS).
- Subjective anxiety during local anesthesia administration - self-assessment using the
Facial Image scale (FIS).
- Behavior related to pain during LA - a researcher, other than the operator, registers the
behavior through a scale for assessing the behavior related to pain - Face, Legs, Activity, Cry,
Consolability (FLACC) scale
- Heart rate - registered by pulse oximeter.
- Self-assessment of dental fear - through a questionnaire before each visit - dental
subscale of children's fear survey schedule (CFSS-DS).
Objective 4.
Subobjective 4.2
- Subjective pain during treatment on a visual-analog scale.
- Pulp sensibility to thermal stimulation with Cold-test.
- Reaction of the pulp to electrical stimuli through EPT.
- Sensation of the patient during laser or placebo analgesia with a questionnaire.
- Pain-related behavior during treatment, assessed on the FLACC scale.
- Dynamics of heart rate.
- Self-assessment of dental fear on CFSS-DS.
- Need for infiltration of local anesthesia.
 Recruitment – December 2017 – May 2019
 Study setting - Department of Pediatric Dentistry and Department of Oral Surgery,
Faculty of Dental Medicine, MU-Plovdiv, as well as the Institute of Physical
Chemistry "Academician Rostislav Kaishev", Bulgarian Academy of Sciences.
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 Data collection - the observations were made by the dissertant in collaboration with
her supervisor, an oral surgeon from the Department of Oral Surgery and together
with other assistant professors in the department.
 Registration
1. Patient forms
Statistical paper patient forms were used, including passport part, anamnesis, data from
clinical and paraclinical examinations, description of the course of treatment.
 Methods of research.
1. Sociological method
1.1. Survey method
A direct individual survey was provided when receiving information from children about
their dental fear, pain sensitivity and anxiety during treatment, subjective experience during
treatment, as well as their preference for a method of treatment.
1.2.
Observation method
Applied to assess pain-related behavior during treatment. The method is also applied in
the evaluation of the surface morphology of the enamel by scanning electron microscope in
subobjective 1 of objective 4.
1.3.
Informed consent
Parents or guardians personally receive informed consent forms about their child's
participation in the study.
1.4.
Blinding - open-label studies were performed in objectives 1 and 2, and
subobjective 4.2 was planned as a double-blind study.
1.5
Sequence generation and randomization - A computer-generated, permuted block
randomization sequence for allocation of first procedure is was prepared. Randomization wass
based on treatment allocation sequence number for objectives 1, 2 and 4.2.
1.6
Trial design – objectives 1, 2 and 4.2 are randomized controlled crossover clinical
trials with split-mouth design.
2. Interventions
Measurement of hemodynamic parameters – mean pulse frequency during four
2.1.
moments - in the waiting room, during the studied manipulation, during treatment and
at the end of the dental visit, before getting up from the dental chair..
2.2. Local anesthetic administration - depending on the clinical trial, patients received
interventions to achieve local analgesia by the methods of: 1 - conventional infiltrative
local analgesia, 2 - infiltrative local anesthesia, assisted by a vibrotactile device
DentalVibe, 3 - infiltrative local anesthesia, assisted by a VR device, 4 - laser
analgesia or 5 - placebo analgesia.
2.3. Dental treatment - in objective 1, surgical treatment is performed - extraction of a
primary tooth; objective 2 - conservative treatment of dental caries with rotary
instruments; in objective 4.2 - conservative treatment of caries with Er:YAG laser.
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3. Statistical methods
The systematization, processing and analysis of the primary data in the form of
quantitative and qualitative variables was realized with the statistical package of the software for
social sciences IBM SPSS Statistics v. 22. A significance level of p < 0.05 was assumed for all
tests. Graphic analysis: MS Office 2013 Excel.
Statistical and mathematical methods:
3.1. Describtive analisys
 Variation analysis of quantitative variables
 Frequency analysis of qualitative variables
3.2. Testing of statistical hypotheses
 Parametrical analisys
- t-test
- ANOVA with repeated measurements
- z-тест – with Bonferoni correction for pairs of comparisons in more than two groups;
 Non-parametrical analisys
- Kruskal-Wallis test
- Correlation coefficient of Pierson
3.3. Regression analisys
 Hierarchical multiple regression
3.4. Graphical analisys
- pie charts
- bar charts
- digital images
The presentation of the results of the conducted analyzes was performed by:
3.5. Tables – multidimensional frequency distribution tables containing:
- absolute frequencies;
- relative frequencies;
- statistical parameters.
Significance level was set to p<.05. All data were processed by 'intention-to-treat' analysis.
Descriptive statistics have been calculated. Discrete variables were summarized by frequencies or
proportions. Continuous variables were reported as mean and standard errors or medians and
range (depending on the distribution of the variables). Data were checked for baseline differences
between therapeutic arms. When baseline differences occured for any of the variables, they were
added to the following models to compensate for these differences using analysis of the
covariance approach.
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III. RESULTS
1.
Study of the efficacy of a DentalVibe device for reducing anxiety and pain during
local infiltrative anesthesia in pediatric patients.
The sample included 41 patients - 25 boys (61%) and 16 girls (39%), with a median age
of 9 ± 3 (median IQR) years without previous experience with local anesthesia, requiring
injection infiltration of a local anesthetic to extract two temporary maxillary molars located
bilaterally. The mean pulse values at the four time points (first time point - before sitting in the
dental chair; second time point - during local anesthesia; third time point - during extraction;
fourth time point - just before getting up from the dental chair) are presented in Table 1 (n = 41).

Table 1. Descriptive statistics - mean pulse values at the four time points of the study (first time
point - before sitting in the dental chair; second time point - during local anesthesia; third time
point - during extraction; fourth time point - before getting up from the dental chair).

N*

Mean value

SE**

SD***

First visit
1st time point
40
95.18
1.955 12.364
nd
2 time point
41
104.90
1.783 11.414
rd
3 time point
40
104.15
1.700 10.753
th
4 time point
40
95.15
1.898 12.003
Second visit
1st time point
33
96.73
2.177 12.503
nd
2 time point
34
103.53
2.294 13.374
rd
3 time point
33
104.76
2.210 12.694
th
4 time point
31
95.06
1.730 9.633
*N – number of participants; **SE – standart error; ***SD – standart deviation.
The sample of patients was examined for general dental fear on the CFSS-DS scale, fear
of injections, subjective pain during LA on a visual-analog scale, behavior related to pain during
LA using the FLACC scale, and anxiety during LA using picture scale with FIS faces. The
following visit values were established, as illustrated in Table 2.
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Table 2. Descriptive statistics - average values per visit for general dental fear; fear of
injections; behavior associated with pain during local anesthesia; subjective pain and subjective
anxiety during local anesthesia.

Dental fear
Fear of injections
Pain-related behavior during LA

N
First visit
41
40
41

Mean value

SE*

SD**

21.63
2.68
1.34

0.805
0.228
0.304

5.151
1.439
1.944

Subjective pain during LA

41

2.07

0.282

1.808

Objective pain during LA

41

2.15

0.173

1.108

20.00
1.85
1.50

0.735
0.164
0.325

4.345
0.939
1.895

Dental fear
Fear of injections
Pain-related behavior during LA

Second visit
35
33
34

Subjective pain during LA

34

2.29

0.339

1.978

Objective pain during LA

34

2.21

0.151

0.880

*N – number of participants; **SE – standart error; ***SD – standart deviation.

The examined patients at the first visit n = 40 shared a mean total dental fear of 21.63 ±
5.151 (mean ± standard deviation) points, placing them in the category of 'missing or weak dental
fear'. The result corresponds to the criterion for inclusion of patients who were defined as positive
on the Frankl behavioral scale. The mean fear of injections at the first visit of the children
concerned was 2.68 ± 1.439 points - "I feel some fear". At the second visit, after local anesthesia
was administered for the first time, regardless of the method of analgesia, the mean dental fear
and the mean fear of injections decreased in the examined children n = 34 - respectively 20.00 ±
4.345 points and 1.85 ± 0.939 points. Patients remain in the "missing dental fear" category, with
the average fear of injections being defined as "I'm not afraid at all." The results are summarized
in Figure 1.
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After successfully performing both manipulations - control and experimental, patients
were examined for their preference for a method of analgesia - traditional or DentalVibe-assisted
injection (DV). Of the patients studied n = 34, most prefer analgesia accompanied by the
DentalVibe device - 85.3%.
At the first visit, the one-way analysis of variance ANOVA with repeated measurements
with Greenhouse-Geisser correction showed that the measured mean heart rate differed
statistically significantly between the four time points (F (2.69, 104.98) = 20.83, p = 0.000). Post
hoc tests using Bonferroni correction showed that over time the heart rate increased statistically
significantly as follows: heart rate before sitting in the dental chair (first time point) 95.18 ±
12.36 beats / min. (mean ± standard deviation) was significantly lower compared to
measurements during anesthesia (second time point) 104.90 ± 11.56 and readings during
treatment (third time point) 104.15 ± 10.75 beats / min. - p = 0.000 and p = 0.000 respectively. In
addition, there was a significant decrease in mean heart rate measured before getting up from the
dental chair (fourth time point) 95.15 ± 12.00 beats / min. relative to heart rate measured at
second and third time points p = 0.000 and p = 0.000). There was no statistically significant
difference between the first and fourth time points, which means that in the fourth time point after an initial significant increase in heart rate after the first point, retention of levels in the
second and third and a significant decrease relative to them in the last time point - the patient
reaches a heart rate equal to that measured in the first point (ie anxiety levels coincide).
At the second visit, the one-way analysis of variance ANOVA with repeated
measurements with Greenhouse-Geisser correction again demonstrated that the measured mean
heart rate differed statistically significantly between the four time points (F (2.64, 79.27) = 16.63,
p = 0.000). Post hoc tests using Bonferroni correction showed that over time the heart rate
increased statistically significantly as follows: heart rate before sitting in the dental chair (first
time point) 95.94 ± 12.27 beats / min. (mean ± standard deviation) was significantly lower
compared to measurements during anesthesia (second time point) 102.65 ± 13.30 and readings
during treatment (third time point) 103.41 ± 12.16 beats / min. - p = 0.001 and p = 0.002,
respectively. In addition, there was a significant decrease in mean heart rate measured before
getting up from the dental chair (fourth time point) 95.06 ± 9.63 beats / min. relative to heart rate
measured at the second and third time points p = 0.002 and p = 0.000). There was no statistically
significant difference between the first and fourth time points, which means that in the fourth
time point - after an initial significant increase in heart rate after the first point, retention of levels
in the second and third and a significant decrease relative to them in the last time point - the
patient reaches a heart rate equal to that measured in the first point (ie anxiety levels coincide).
Figure 3 shows the average heart rate values from the first and second time point visits.
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The application of the hierarchical multiple regression reveals that at the first visit none of
the predictors thus set contributes significantly to the regression model F (3.36) = 0.66, p = 0.58,
explaining only 5% of the pulse variation in this visit during of anesthesia. On the other hand, at
the second visit during anesthesia, the hierarchical multiple regression demonstrated the
adequacy of the model F (3.28) = 4.76, p = 0.008. Here, the predictor variable "LA method"
contributes significantly to the regression model by explaining 34% of the pulse variation during
LA. The regression coefficient bo = 106.56 (the free term in the regression equation), denoted as
a constant, is statistically significant (t = 9.13, p = 0.000). The regression coefficient in front of
the factor variable "LA method" b1 = 13.85 and is statistically significant (t = 3.29, p = 0.003).
One-way analysis of variance (ANOVA) proved a statistically significant difference (F (1.32) =
11.73, p = 0.002) between the mean values of the pulse by the method of LA during anesthesia in traditional LA (n = 17) the average value of the pulse 110.35 ± 11.04 (± standard deviation)
beats / min was reported, while in DV-assisted LA (n = 17) the mean pulse value was 96.71 ±
12.17 beats / min. In this analysis, the given explanatory predictor variables gender and age do
not contribute significantly to the model.
In the next stage, the hierarchical multiple regression was performed to determine the
influence of subjective pain, pain-related behavior and subjective anxiety on the pulse level at a
second time point - during local anesthesia. The blocks were organized according to the
algorithm given above, and in Block 1 the predictors were respectively behavior related to pain,
subjective pain and subjective anxiety during LA. The application of hierarchical multiple
regression reveals that at the first visit none of the predictors thus set contributes significantly to
the regression model F (3.37) = 0.31, p = 0.819, explaining only 2% of the pulse variation in this
visit during of anesthesia. On the other hand, at the second visit during local anesthesia, the
hierarchical multiple regression demonstrated the adequacy of the model F (3.30) = 9.12, p =
0.000. Here, the predictor variable "subjective anxiety during LA" contributes significantly to the
regression model by explaining 48% of the pulse variation during LA. The regression coefficient
bo = 78.92 (the free term in the regression equation), denoted as a constant, is statistically
significant (t = 14.87, p = 0.000). The regression coefficient in front of the factor variable
"subjective anxiety during LA" b1 = 11.73 is statistically significant (t = 3.77, p = 0.001).
Bonferroni-corrected one-way analysis of variance (ANOVA) demonstrated a statistically
significant difference between mean heart rate levels. The mean heart rate (88.43 ± 8.87, standard
deviation) of patients (n = 7) who shared no anxiety (value 1) was significantly lower than the
mean heart rate for all other measured anxiety levels - respectively n = 16, 103.19 ± 10.5 (slightly
alarming FIS = 2); n = 8, 111.50 + -11.46 (average alarming FIS = 3); and n = 3, 119.33 ± 1.16
(highly alarming FIS = 4).
At the first visit according to the conducted one-way analysis of variance (ANOVA) there
is a statistically significant difference in the values for "subjective pain" according to the method
of LA - control or experimental F (1,39) = 7.22, p = 0.011, and in traditional LA the values for
subjective pain were statistically significantly higher 2.76 ± 1.95 (standard deviation) compared
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2.
Study of the efficacy of a virtual reality device for reducing anxiety and pain during
local infiltrative anesthesia in pediatric patients.
The sample included 41 patients - 25 boys (61%) and 16 girls (39%), with a median age
of 8.67 ± 0.162 (standard error) years without previous experience with local anesthesia,
requiring injection infiltration of a local anesthetic for conservative use. treatment of caries of
two temporary maxillary molars located bilaterally. The mean heart rate at the four time points
(first time point - before sitting in the dental chair; second time point - during local anesthesia;
third time point - during treatment; fourth time point - just before getting up from the dental
chair) are presented in Table 4 (n = 40).

Table 4. Descriptive statistics - mean pulse values at the four time points of the study (first before sitting in the dental chair; second - local anesthesia; third - during extraction; fourth getting up from the dental chair).

N*

Mean value

SE**

SD***

32

95.25

2.566

14.514

2nd time point

32

105.88

1.820

10.295

3rd time point

32

96.94

1.547

8.751

4th time point

32

92.91

1.457

8.244

Second visit
1st time point

25

92.48

2.383

11.917

2nd time point

25

102.24

2.340

11.699

3rd time point

25

92.80

2.041

10.206

4th time point

25

87.48

2.126

10.631

First visit
1st time point

*N – number of participants; **SE – standart error; ***SD – standart deviation.
The sample of patients was examined for general dental fear on the CFSS-DS scale, fear
of injections, subjective pain during LA on a visual-analog scale (VAS) - Wong Baker Faces Pain
rating scale, behavior related to pain during LA using the FLACC scale and anxiety during LA
using the Facial Image Scale (FIS). The following visit values were established, as illustrated in
Table 5.
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Table 5. Descriptive statistics - average values per visit for general dental fear; fear of
injections; behavior associated with pain during local anesthesia; subjective pain and subjective
anxiety during local anesthesia.
N

Mean value

First visit

SE*

SD**

23.95

1.097

6.939

40

3.25

.214

1.354

Pain-related
behavior 40
during LA
40
Subjective pain during LA

1.38

.265

1.675

2.28

.320

2.025

40

1.97

.174

1.097

20.74

.977

5.696

Dental fear

40

Fear of injections

Objective pain during LA

Second visit

Dental fear

34

Fear of injections

34

2.00

.152

.888

Pain-related
behavior 33
during LA
33
Subjective pain during LA

1.06

.213

1.223

2.42

.340

1.953

33

2.00

.195

1.118

Objective pain during LA

*N – number of participants; **SE – standart error; ***SD – standart deviation.

The examined patients at the first visit n = 40 shared a mean total dental fear of 23.95 ±
6.94 (mean ± standard deviation) points, placing them in the category of "missing or weak dental
fear". The result corresponds to the criterion for inclusion of patients who were defined as
positive on the Frankl behavioral scale. The mean fear of injections at the first visit of the
children concerned was 3.25 ± 1.35 points - "I feel some fear". At the second visit, after local
anesthesia was administered for the first time, regardless of the method of analgesia, the mean
dental fear and the mean fear of injections decreased in the examined children n = 34 respectively 20.74 ± 5.67 points and 2.00 ± 0.89 points. Patients remain in the "missing dental
fear" category, with the average fear of injections being defined as "very little fear."

19

After successfully performing both manipulations - control and experimental, patients
were examined for their preference for a method of analgesia - traditional or assisted by a virtual
reality device (VR) injection. Of the studied patients n = 32, most prefer analgesia accompanied
by VR-device - 71.87%.
At the first visit, the one-way analysis of variance ANOVA with repeated measurements
with Greenhouse-Geisser correction showed that the measured mean heart rate differed
statistically significantly between the four time points (F (2.1, 65.1) = 19.012, p = 0.000). Post
hoc tests using Bonferroni correction showed that over time the heart rate increased statistically
significantly as follows: heart rate before sitting in the dental chair (first time point) 95.25 ±
14.51 beats / min. (mean ± standard deviation) was significantly lower than measured during
local anesthesia (second time point) 105.88 ± 10.30 beats / min. p = 0.000. The pulse during
anesthesia was statistically significantly higher than reported during treatment (third time point)
96.94 ± 8.75 beats / min, as well as the average pulse rate before getting up from the dental chair
(fourth time point) 92.91 ± 8.24 beats / min, respectively p = 0.000 and p = 0.000. There was no
statistically significant difference between the first, third and fourth time points, which means
that after an initial significant increase in heart rate after the first point and reaching the highest
value in the second point, there is a significant decrease in the third and last time point - more
during treatment after local anesthesia, the patient reaches a heart rate equal to that measured in
the first point (ie anxiety levels coincide).
At the second visit, the one-way analysis of variance ANOVA with repeated
measurements with Greenhouse-Geisser correction showed that the measured mean heart rate
differed statistically significantly between the four time points (F (2.52, 60.43) = 24.261, p =
0.000). Post hoc tests using Bonferroni correction showed that over time the heart rate increased
statistically significantly as follows: heart rate before sitting in the dental chair (first time point)
92.48 ± 11.91 beats / min. (mean ± standard deviation) was significantly lower than measured
during local anesthesia (second time point) 102.24 ± 11.70 beats / min. p = 0.000. The heart rate
during anesthesia was statistically significantly higher than reported during treatment (third time
point) 92.80 ± 10.20 beats / min, as well as the average heart rate before getting up from the
dental chair (fourth time point) 87.48 ± 10.63 beats / min, respectively p = 0.000 and p = 0.000.
There was no statistically significant difference between the first, third and fourth time points,
which means that after an initial significant increase in heart rate after the first point and reaching
the highest value in the second point, there is a significant decrease in the third and last time point
- more during treatment after local anesthesia, the patient reaches a heart rate equal to that
measured in the first point (ie anxiety levels coincide).
Figure 7 shows the mean heart rate from the first and second time point visits.
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blocks) hierarchical multiple regression with the pulse reported at the respective time points for
both visits as a dependent variable:
• Block 1 - in this block we have included the predictors that we expect to predict the
heart rate - the method of placement of LA (VR-assisted or traditional LA), general dental fear
and fear of injections.
In the following blocks, we included the explanatory predictor variables (stepwise method
of inclusion), which we do not necessarily expect to affect the heart rate as follows:
• Block 2 - gender and age.
The stepwise method is a combination of straight selection or reverse elimination of
predictors, in which controlled variables are added and removed as set by blocks.
The application of hierarchical multiple regression reveals that at the first visit none of the
predictors thus set contributes significantly to the regression model F (3.28) = 1.416, p = 0.259,
explaining only 13% of the pulse variation in this visit during of anesthesia. One-way analysis of
variance (ANOVA) did not show a statistically significant difference between the mean heart rate
of the LA method during the first visit anesthesia.
On the other hand, at the second visit during anesthesia, the hierarchical multiple
regression demonstrated the adequacy of the model F (3.21) = 3.829, p = 0.044. Here, the
predictor variable "LA method" contributes significantly to the regression model by explaining
29% of the pulse variation during LA. The regression coefficient bo = 79.679 (the free term in the
regression equation), denoted as a constant, is statistically significant (t = 8.766, p = 0.000). The
regression coefficient before the factor variable "LA method" b1 = 11.186 and is statistically
significant (t = 2.615, p = 0.016).
In this analysis, the given explanatory predictor variables gender and age do not
contribute significantly to the model.
In the next stage, the hierarchical multiple regression was performed to determine the
influence of subjective pain, pain-related behavior and subjective anxiety on the pulse level at a
second time point - during local anesthesia. The blocks were organized according to the
algorithm given above, and in Block 1 the predictors were respectively behavior related to pain,
subjective pain and subjective anxiety during LA.
At the first visit during local anesthesia, the hierarchical multiple regression demonstrated
model adequacy (F (3.28) = 3.90, p = 0.019). Here, the predictor variable "subjective pain during
LA" according to VAS and subjective anxiety according to FIS contribute significantly to the
regression model, explaining 30% of the pulse variation during local anesthesia. The regression
coefficient bo = 98.94 (the free term in the regression equation), denoted as a constant, is
statistically significant (t = 26.69, p = 0.000). The regression coefficient before the factor variable
"subjective pain during LA" b1 = - 3.08 is statistically significant (t = 2.43, p = 0.0022) as well as
the regression coefficient before the factor variable "subjective anxiety during LA" b2 = 6.89 is
statistically significant (t = 2.39, p = 0.0024).
Bonferroni-corrected one-way analysis of variance (ANOVA) demonstrated a statistically
significant difference between mean heart rate levels. The mean heart rate (88.43 ± 8.87 bpm,
standard deviation) of patients (n = 7) who shared no anxiety (FIS value = 1 - no anxiety) was
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significantly lower than the mean pulse value at all other measured levels of anxiety respectively n = 16, 103.19 ± 10.5 (slightly anxious, FIS = 2); n = 8, 111.50 ± 11.46 (mean
alarming FIS = 3); and n = 3, 119.33 ± 1.16 (highly alarming FIS = 4). Despite the close values
of the standard β-coefficient of the two factor variables, the subjective anxiety according to FIS
still has a greater influence on the variation of the pulse, which adds - β2 = 0.74 against β1 = 0.62 (subjective pain).
On the other hand, on the second visit, the application of hierarchical multiple regression
revealed that none of the predictors thus set - subjective pain, anxiety and pain-related behavior contributed significantly to the regression model F (3,21) = 1.127, p = 0.361, explaining only
14% of the pulse variation at this visit during anesthesia.
A paired T-test was performed to prove a statistically significant difference between the
average levels of general dental fear CFSS-DS and the fear of CFSS-DS-INJ injections in pairs
paired from the first and second visit, n = 34. A statistically significant difference was
demonstrated. between the mean values of general dental fear and fear of injections measured at
the first and second visit. The levels of both indicators were statistically significantly lower at the
second visit compared to those measured at the first visit. The results of the statistical analysis are
visible in Table 7.
Table 7. Results of a T-test for statistically significant differences between the mean values of
total dental fear and fear of injections in pairs paired from the first and second visit.
Data pair
1st pair
2nd pair

Paired values
t – test
st
nd
Dental fear in 1 visit & dental fear in 2
6.469
visit
Injection fear in 1st visit & injection fear in 6.185
2nd visit

p – value
0.000
0.000

The Kruskal-Wallis test was used to assess the effect of two different methods of local
anesthesia on the dependent variables - subjective pain on VAS and subjective anxiety on FIS, as
well as on objectively assessed via the FLACC pain-related behavior per visit.
For the first visit, the Kruskal-Wallis H-test denied the null hypothesis that FLACCrelated pain behavior was evenly distributed in patients n = 40 receiving traditional and VRassisted local anesthesia (H = 4,943; df = 1; p = 0.026). Patients anesthetized while wearing a VR
device received a lower mean FLACC score statistically significantly more often than the mean
score of patients anesthetized by the classical method illustrated in fig. 8. At the respective visit,
the H-test also proved that the null hypothesis is true for the average rank scores for subjective
pain according to VAS and anxiety according to FIS, as the mean rank values are evenly
distributed for the two methods of analgesia - respectively H = 3,100; df = 1; p = 0.078 and H =
2.411; df = 1; p = 0.120.
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3.
Comparison of the efficacy of two non-pharmacological methods of distraction through DentalVibe and virtual reality, to reduce pain and anxiety during local injection
anesthesia in children.
The sample included 81 patients - 51 boys (62%) and 31 girls (38%), with a median age of 9.21 ±
0.152 (standard error) years. The included children have no previous experience with local
anesthesia. Participants are indicated for treatment requiring injectable infiltration of a local
anesthetic for conservative or surgical treatment of two temporary maxillary molars located
bilaterally. The sample of patients was examined for general dental fear, fear of injections,
subjective pain during LA on a visual-analog scale (VAS), behavior related to pain using the
FLACC scale, and anxiety during LA using a picture scale with faces (FIS). ). The following visit
values were established, as illustrated in Table 8.
Table 8. Descriptive statistics - average values per visit for general dental fear; fear of
injections; behavior associated with pain during local anesthesia; subjective pain and subjective
anxiety during local anesthesia.

Dental fear

N
First visit
81

Mean value

SE*

SD**

22.78

0.686

6.173

Fear of injections

80

2.96

0.159

1.418

Pain-related behavior during LA

81

1.36

0.201

1.805

Subjective pain during LA

81

2.17

0.212

1.909

Objective pain during LA

81

2.06

.122

1.099

20.36

0.606

5.032

Dental fear

Second visit
69

Fear of injections

67

1.93

0.111

0.910

Pain-related behavior during LA

67

1.28

0.196

1.603

Subjective pain during LA

67

2.36

0.238

1.952

Objective pain during LA

67

2.10

0.122

1.002

*N – number of participants; **SE – stanadrt error; ***SD – standart deviation.
The examined patients at the first visit n = 81 shared a mean value of total dental fear of
22.78 ± 6.17 points, placing them in the category of "missing or weak dental fear". The result
corresponds to the criterion for inclusion of patients who were defined as positive on the Frankl
behavioral scale.
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The mean fear of injections at the first visit of the children concerned was 2.96 ± 1.41
points - "I feel some fear". At the second visit, after local anesthesia was administered for the first
time, regardless of the method of analgesia, the mean dental fear and the mean fear of injections
decreased in the examined children n = 67 - respectively 20.36 ± 5.03 points and 1.93 ± 0.91
points. Patients remain in the "missing dental fear" category, with the average fear of injections
being defined as "very little fear."
During the application of local anesthesia, a researcher other than the operator determines
the pain-related behavior. The mean value in the first visit for the examined patients n = 81 was
1.36 ± 1.80 points against 1.28 ± 1.60 points in the second visit at n = 67, and the given results
correspond to the category of “calm and relaxed” child.
Immediately after LA placement, patients were asked to share their subjective fear and
subjective anxiety experienced during injectable analgesia. At first visit n = 81, the mean for
subjective pain was 2.17 ± 1.90 points versus 2.36 ± 1.95 points at n = 67 at second visit, with
both mean values defined as 'mild pain'.
At the first visit n = 40, the mean value for subjective anxiety during LA was 2.06 ± 1.09
points against 2.10 ± 1.00 points at n = 67 at the second visit, and both mean values were defined
as 'low anxiety'.
After successfully performing both manipulations - control and experimental, patients
were examined for their preference for a method of analgesia - traditional or injection,
accompanied by a distraction factor - a virtual reality device (VR) or DentalVibe device.
Of the n = 67 patients studied, most (82.5%) preferred analgesia assisted by one of the
two applied non-pharmacological methods. A small proportion of patients - n = 15 (18.5%),
prefer the classic method of infiltration without distraction from virtual reality or DentalVibe
device.
A paired T-test was performed to prove a statistically significant difference between the
average levels of general dental fear CFSS-DS and the fear of CFSS-DS-INJ injections in pairs
paired from the first and second visit, n = 67 compared to the method of treatment - surgical or
conservatively.
- The mean total dental fear of CFSS-DS in the first visit was 21.29 ± 5.09 points,
decreasing to 20.00 ± 4.35 points in the second visit (t = 5.58, p = 0.000).
- The mean fear of injections on the first visit was 2.61 ± 1.44 points, decreasing to 1.85 ±
0.94 points on the second visit (t = 5.58, p = 0.000).
There was no statistically significant difference between the mean values of general
dental fear and fear of injections measured at the first and second visit in patients undergoing
follow-up surgery or conservative treatment in the two studies. The levels of both indicators were
statistically significantly lower at the second visit compared to those measured at the first visit,
regardless of the type of manipulation for which patients were referred.
A paired T-test was performed to demonstrate a statistically significant difference
between mean VAS subjective pain levels, FIS subjective anxiety, and FLACC pain-related
behavior for DV- and VR-assisted injection paired from the first and second visits. There is no
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follow-up, and accordingly the sample was examined on the basis of n = 36 participants. The
following visit values were established, illustrated in Table 12.
Table 9. Descriptive statistics - average values per visit for general dental fear; fear of
injections; behavior associated with pain during treatment; subjective pain during treatment.
N*

Mean value

SE**

SD***

First visit
Dental fear
Fear of injections
Pain-related behavior

41
41
41

22.51
2.90
0.63

1.285
0.241
0.190

8.225
1.546
1.220

Subjective pain during treatment

41

1.02

0.230

1.508

Second visit
Dental fear
Fear of injections
Pain-related behavior

36
36
36

20.72
2.69
0.33

1.117
0.221
0.113

6.704
1.327
0.676

Subjective pain during treatment

36

0.92

0.227

1.978

*N – number of participants; **SE – standart error; ***SD – standart deviation.
The examined patients at the first visit n = 41 shared a mean value of total dental fear of
22.51 ± 8.225 points, placing them in the category of "missing or weak dental fear". The result
corresponds to the criterion for inclusion of patients who were defined as positive on the Frankl
behavioral scale. The mean value determined for fear of injections at the first visit of the
respective children is 2.90 ± 1.546 points, corresponding to the category with moderate fear - "I
feel some fear". At the second visit, without local anesthesia, regardless of the method of
preemptive laser or placebo analgesia, the mean dental fear and the mean fear of injections
decreased in the examined children n = 36 - respectively 20.72 ± 6.704 points and 2.69 ± 1.327
points . Patients remain in the "missing or weak dental fear" category, with the mean fear of
injections again being defined as moderate.
During laser ablation of the carious lesion, a researcher other than the operator determines
the patient's behavior associated with the pain. The mean value in the first visit for the examined
patients n = 41 was 0.63 ± 1.220 points against 0.33 ± 0.676 points in the second visit at n = 36,
as the given results correspond to the category of “calm and relaxed” child.
Immediately after laser or placebo analgesia, patients were asked to determine the
strength of the subjective pain experienced during the injection analgesia on a visual analog scale.
At the first visit n = 41 the mean value for subjective pain was 1.02 ± 1,508 points against 0.92 ±
1,360 points at n = 36 at the second visit, both mean values falling below the threshold of the
category "mild pain" and can be defined as " very little pain. "
The sample of patients was examined for the occurrence of a possible pulp analgesic
effect by the methods of electric pulp testing (EPT) and thermoodontodiagnostics with cold agent
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(Cold-test) at three time points, the mean values are presented in Table 14 and Table 15,
respectively ). The time points correspond to the following moments for EPT - first time point - 5
minutes before laser or placebo analgesia; second time point - 5 minutes after PlA / PA; third
time point - 20 minutes after PLA / PA). The three time points for the Cold-test are respectively:
first time point - 4 minutes before laser or placebo analgesia; second time point - 6 minutes after
PLA / PA; third time point - 21 minutes after PA / PLA.
Table 10. Descriptive statistics - average values per visit for electroodontodiagnostics
(EPT) at three time points (first time point - 5 min before laser or placebo analgesia, second time
point - 5 min after LA / PlA, third time point - 20 min after PLA / PA).
ЕPT
N*
Mean value
SE** SD***
First visit
1st time point
41
23.49
2.486 15.92
nd
2 time point
41
29.78
2.458 15.736
rd
3 time point
41
26.46
2.13
13.64
Second visit
1st time point
36
24.53
2.37
14.22
nd
2 time point
36
27.69
2.374 14.242
rd
3 time point
36
23.61
1.953 11.716
*N – number of participants; **SE – standart error; ***SD – standart deviation.
Table 11. Descriptive statistics - average values per visit for thermal testing with Coldtest at three time points (first time point - 4 minutes before laser or placebo analgesia; second
time point - 6 minutes after PlA / PA; third time point - 21 minutes after PLA / PA).
Cold-тест
N*
Mean value
SE** SD***
First visit
1st time point
41
2.59
0.331 2.121
nd
2 time point
41
1.88
0.257 1.646
rd
3 time point
41
1.37
0.236 1.513
Second visit
1st time point
36
1.69
0.278 1.670
nd
2 time point
36
1.42
0.274 1.645
rd
3 time point
36
1.08
0.265 1.592
*N – number of participants; **SE – standart error; ***SD – standart deviation.
The sample of patients (n = 41) was examined for subjective sensation during the
procedure of preemptive analgesia (laser or placebo analgesia) by means of a questionnaire
containing the following verbally asked questions with possible answers “yes” and “no”: 1 - “Did
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you feel pain while we put your tooth to sleep? ”; 2 - "Were you scared when we put your tooth
to sleep?"; 3 - "Do you feel any pain now that your tooth is asleep?"; 4 - "Do you feel a tingling
sensation now that your tooth is asleep?". All patients studied (100%) answered negatively to
questions 1, 2 and 3, respectively did not report pain and fear during PLA / PA in both the first
and second visit. When answering the last question concerning tingling sensation, in the first visit
n = 5 (12.2%) of the children confirmed the presence of tingling sensation, and no statistically
significant difference was observed between previous manipulation by laser or placebo analgesia.
The majority of patients, n = 36 (87.8%), denied a tingling sensation after Pla / PA. In a second
visit, when answering the same question concerning tingling sensation, n = 6 (16.7%) of the
children confirmed the presence of tingling sensation, with no statistically significant difference
between previous laser or placebo analgesia manipulation. The majority of patients, n = 30
(83.3%), denied tingling sensation after Pla / PA.
To study the influence of the type of preemptive analgesia (laser or placebo) on the pulse
rate per visit, a one-way analysis of variance ANOVA was performed with repeated
measurements.
At the first visit, the single-factor analysis of variance ANOVA with repeated
measurements with Greenhouse-Geisser correction demonstrated that the measured mean heart
rate in pairs did not differ statistically significantly between the four time points (F (2.24, 44.97)
= 5.19, p = 0.07), when laser analgesia is applied and the model is not statistically significant.
When placebo analgesia was applied at the first visit, one-way analysis of variance ANOVA with
repeated measurements with Greenhouse-Geisser correction demonstrated that the model was
statistically significant (F (2.08, 39.56) = 9.62, p = 0.000). Post hoc tests using Bonferroni
correction show that over time the heart rate changes statistically significantly as follows: heart
rate before sitting in the dental chair (first time point) 95.50 ± 14.60 beats / min. (mean ±
standard deviation) was lower than measured during preemptive placebo analgesia (second time
point) 97.50 ± 12.87, but without a statistically significant difference. A statistically significant
decrease in the recorded heart rate was observed during treatment (third time point) 92.95 ± 13.67
beats / min. relative to the measured pulse in the first and second time point - respectively p =
0.000 and p = 0.000. In addition, there was a significant decrease in mean heart rate measured
before getting up from the dental chair (fourth time point) 89.40 ± 13.15 beats / min. relative to
heart rate measured in the first, second and third time points p = 0.036, p = 0.000 and p = 0.017).
There was no statistically significant difference between the first and second, as well as between
the first and third time points, which means that in the fourth time point - after initially the
highest heart rate in the first point, lowering the levels in the second and statistically significant
decrease relative to them in the third, in the last time point - the patient reaches a pulse
significantly lower than that measured in the first point (ie anxiety levels gradually decrease).
Figure 20 shows the mean heart rate from the first visit at time points, depending on the
type of preemptive analgesia - laser or placebo analgesia.
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5.
Development of recommendations for non-pharmacological control of pain and
anxiety associated with local analgesia in dental patients in childhood.
5.1. Recommendations to parents:
- The first visit of the child to the dentist should be on the occasion of a preventive
examination, and not related to treatment and the need for local injection analgesia;
- The preparation of the child for local anesthesia should be performed by the dentist;
- When talking to the child about future treatment, parents should avoid using terms such
as "needle", "injection", "prick", "tingling", "pain".
- Every parent and child should be informed about the risks after treatment, especially
self-induced soft tissue trauma, and how to avoid them.
- After administration of local injectable analgesia, parents should monitor the child's
behavior to avoid self-induced soft tissue trauma.
5.2. Recommendations to dentists
- Every child or adolescent has the right to painless diagnosis and treatment, which means
appropriate use of local analgesia. The choice of topical method and agent (s) for analgesia
depends on the age, general physiological and medical condition of each patient, the treatment
planned and the desired depth of analgesia; the level of understanding, behavior, anxiety and
cooperation of the child; parental preferences; as well as the operator's clinical experience,
available equipment and use of alternatives in case of failure.
- The first attempt of the child with local injection analgesia should be after preliminary
preparation of the child by the dentist, if possible not during the first dental visit. The dentist
should explain the manipulation with non-threatening terminology depending on the age of the
child and his cognitive abilities.
- The use of injectable local anesthesia can cause pain that should be avoided and
minimized. It is recommended to prefer less invasive techniques for injection with fine needles in
combination with distraction, topical anesthetic and non-pharmacological preparation in order to
preserve the comfort of the child. The use of topical analgesia in conjunction with nonpharmacological methods to reduce injection pain may have a positive psychological effect on
treatment.
- The choice of means for non-pharmacological control of the patient's pain and anxiety
should be in accordance with the age of the child, his medical condition, behavior, baseline level
of anxiety and cooperation.
- The application of virtual reality during analgesia should be used with caution, as the
eyes of the child-patient are hidden from the observation of the doctor during the manipulation. If
this is the first attempt of the patient with infiltrative local anesthesia, then the dentist should
proceed with caution, monitoring the child's reactions and, if possible, his pulse rate. The use of
virtual reality glasses is contraindicated in patients with a history of photosensitive epileptic or
non-epileptic seizures, as well as in children with vision requiring correction with optical glasses.
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- The use of vibrotactile stimulation during local injection analgesia is an effective
method for reducing pain and anxiety during analgesia in children with positive behavior. The
use of a vibro-tactile device successfully reduces the unpleasant sensations associated with a
needle prick, but in itself does not hide its appearance from children's eyes. Therefore, its use is
limited in children with needle phobia, and should be replaced by another non-pharmacological
method, such as virtual reality.
- Appropriately selected stress reduction protocols should be used with care to minimize
dental fear and anxiety before, during, and after local analgesia, in order to maintain patient
confidence during the dental procedure.
- It is necessary to obtain informed consent from a parent or guardian and, where
appropriate, from the verbal consent of the child himself.
- The patient should be monitored for signs and symptoms of adverse reactions during and
after local analgesia. The dental team must be able to recognize and manage any side effects.
- The applied topical analgesics and doses must be documented. Occurring side effects are
recorded in the patient's file.
- The manipulation of preemptive laser analgesia, performed with the protocol proposed
by us, is ineffective and is not recommended. Performing laser analgesia with higher energy
settings at a distance of 10 mm or with the same energy settings, but at a closer distance, is
potentially dangerous for thin cervical enamel and should be applied only after careful study.
- Conservative treatment of caries with laser is slightly painful, but not completely
painless. The clinician should anticipate the relevant clinical case and, if necessary, administer
local injection anesthesia.
5.3. Recommendations to professional organizations
- It is necessary to raise the awareness of dentists about the application of local analgesia
in childhood, as well as about the modern possibilities for non-pharmacological influence of the
subjective feeling and anxiety associated with the manipulation. For this purpose, the continuing
education system and the periodicals of specialized newspapers and magazines should be used.
- To regulate the possibility of using local anesthesia as an integral part of conservative
treatment in pediatric dentistry.
5.4. Recommendations to the faculties of dental medicine
- It is necessary for the faculties of dental medicine to actively participate in increasing
the knowledge of dentists about the application of local analgesia in childhood, as well as about
the non-pharmacological methods for influencing the pain and anxiety related to the
manipulation, using the forms of specialization. , lectures and practical courses of the Centers for
postgraduate improvement.
- It is necessary to conduct well-designed randomized controlled clinical trials to establish
the efficacy of various modern alternative methods for responding to pain and anxiety associated
with the use of local analgesia in children in different age groups.
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Conclusions on objectives
Objective 1. The assessment of the subjective and objective sensation of pain and anxiety
during the treatment of such cases confirmed the clinical adequacy of the method of infiltration
with DentalVibe, establishing the possibility of local anesthesia with reduced discomfort. The
method is easily applicable in everyday practice, and its disadvantage is the high cost of the
device, as well as its consumables.
Objective 2. The application of a virtual reality device is an effective and applicable nonpharmacological method for reducing injection pain and anxiety in children. Given the progress
and increasing availability of technology for clinical use, although with some limitations, virtual
reality has the potential to be a useful addition to modern pediatric dental practice.
Objective 3. The two modern non-pharmacological methods have proven to be effective
in reducing anxiety and pain during local anesthesia compared to conventional anesthesia without
distraction, with lack of superiority of one method to the other. Both methods are effective in
reducing the fear of dental treatment and injections and promote acceptance of local anesthesia.
Objective 4.1. It was found that parameters used to achieve laser analgesia can cause
changes in enamel surface morphology. Our results revealed structural changes corresponding to
the applied energy densities and water levels. Higher power and low water settings correspond to
increasing surface roughness and cratering. When operating at an energy of 0.6 W/15 Hz/40 mJ,
maximum water cooling must be applied to achieve subablative action at a distance of 10 mm.
Laser parameters equal to or greater than 0.75 W/15 Hz/50 mJ with or without water, from a
distance of 10 mm, were ablative and so unsuitable for performing a laser analgesic procedure.
Objective 4.2. Caries ablation with Er:YAG laser according to the proposed parameters
was found to be of very low pain, regardless of whether a laser analgesia protocol was performed.
Caries ablation did not increase anxiety. Surgical time is a valuable resource for the clinician, and
it can be saved by performing a simplified work protocol without a preemptive analgesic
procedure. The subjective component in determining EPT score makes it difficult for children,
and the operator, to determine the outcome. The use of Cold test helps determining the threshold
of pulp sensibility. Performing it several times, however, could reduce the sensation.
IV. CONCLUSIONS
1. Non-pharmacological methods for distraction with passive factors help reduce pain and
anxiety during local anesthesia in patients of age 8 to 12 years and have a positive effect
on its perception.
2. Vibrotactile and audio-visual stimulations are available new technologies with easy
application for efficient non-pharmacological behavioral management during local
anesthesia.
3. The photobiomodulation created during caries ablation with Er:YAG laser is sufficient for
an almost painless treatment. The operator can save time from not performing preemptive
laser analgesia while maintaining patient comfort during treatment at the same time.
4. The type of upcoming treatment - conservative or surgical, does not affect dental fear and
fear of injections prior to the visit. The behavioral guidance technique, the presentation of
the manipulation in an age-appropriate manner and the atraumatic performance of local
anesthesia predispose the pediatric patient to a positive attitude and cooperation, regardless
of the forthcoming treatment.
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V. CONTRIBUTIONS
1. Scientific and theoretical contributions
- The SEM investigation of the effect of different laser settings used for preemptive laser
analgesia with Er:YAG on the enamel surface helped determine laser parameters for the
procedure that do not damage enamel's integrity.
2. Methodical contributions
- For the first time in the world a clinical protocol for preemptive laser analgesia was developed,
which has been proven to be safe, reproducible and publicly available before the results of the
study are released.
- The occurrence of analgesic effect after laser analgesia procedure was examined by an original
method, where thermal testing complemented the electric pulp testing. In combination with pulp
sensibility testing, the assessment of subjective and objective pain sensation during treatment
forms an original and novel protocol.
3. Applied scientific contributions
- The possibility for non-pharmacological reduction of pain and anxiety during local anesthesia
through a vibrotactile device and virtual reality have been proven for the first time in our country.
- A lack of superiority of one method over the other was found, which makes the application of
devices for vibrotactile stimulation or VR the choice of the clinician.
- It has been proven that during laser conservative treatment, the operator can save time by not
following a protocol for preemptive analgesia without compromising patient comfort.
- Recommendations for non-pharmacological control of pain and anxiety related to local
anesthesia in children have been developed, aimed at parents, dentists and institutions responsible
for the oral health of children in Bulgaria.
4. Contributions of a confirmatory nature.
- Virtual reality distraction has been shown to effectively reduce injection pain.
- The efficacy of vibrotactile stimulation in reducing injection pain in pediatric patients has also
been demonstrated.
- It was found that electric pulp testing as a stand-alone method for pulp sensibility testing in
children is insufficient and should be supplemented by another objective method.
- It has been confirmed that conservative treatment with Er:YAG laser of caries involving up to
1/2 of dentinal thickness is almost painless and does not require local anesthesia.
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