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I. INTRODUCTION

Any surgical intervention, regardless of which part of the body is affected,
causes postoperative pain. This pain is considered to be moderate to high-intensity,
sharp pain that may become chronic in some patients. A challenge for all clinicians is
the inability to objectify postoperative pain, as well as its control through various
techniques.

One of the most commonly used models for the study of postoperative pain and
its response is the surgical removal of impacted third mandibular molars. This
surgery allows for the reproduction of pain of identical intensity. The manipulation is
repeatable, which allows the results to be compared, which makes them statistically
significant.

Surgical intervention to remove impacted third mandibular molars is one of the
most common surgical procedures in oral surgery. Most patients delay it as much as
possible due to the widespread opinion about the subsequent difficult recovery
period.

Trismus, swelling, pain, limited ability to work, change in daily habits and
change in the quality of life of patients are among the most common complaints that
accompany the extraction of impacted third mandibular molars.

Of these, the greatest discomfort is caused by postoperative pain. It is usually
short-lived, lasting an average of 5 days. If it is not reported and responded to in time,
it could turn into chronic pain and chronic pain syndrome.

Numerous studies have been performed to describe postoperative pain after
surgical removal of impacted third mandibular molars. For this purpose, most of them
apply subjective scales. The modern aspiration is to objectify pain by excluding the
subjective component and thus to improve its response. For this purpose, modern
means such as fMRI are applied in order to objectify the results of treatment with
analgesic drugs, as well as changes in brain structures that are activated in the
presence of postoperative pain.

Another way to objectify pain is by controlling the serum levels of some
bioactive substances involved in the transmission of nociceptive information, such as
CGRP and Procalcitonin. CGRP is a specific neurotransmitter for maxillofacial area,
as well as one of several important mediators of fascial inflammation. One of the
main sites of CGRP after its migration from the trigeminal ganglion is the
massetericus muscle, which is directly affected by surgery to remove impacted third
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mandibular molars. This surgical manipulation causes a postoperative inflammatory
process. Procalcitonin is a proinflammatory marker in inflammatory processes in the
body. These facts give us reason to investigate changes in serum levels of CGRP and
Procalcitonin after surgery to remove impaired third mandibular molars.

Anxiety is a factor that affects the intensity of postoperative pain after this type
of surgery. It is important for clinicians to be able to reduce the anxiety that
accompanies the operation itself, thus favoring the postoperative recovery period.
Usually, oral surgeons are faced with the dilemma of whether it is necessary to
inform the patient in detail about what is ahead of him or to save him most of the
information. Taking into account the differences in anxiety before the first and
second surgical interventions to remove impacted third mandibular molars of the
same patient, we could answer these important questions that every clinician asks.

The most commonly used group of drugs for the control of postoperative pain
are NSAIDs. They have been shown to mainly affect the inflammatory component of
pain. Modern research is aimed at the use of drugs from other drug groups that affect
its other components. Damage to the somatosensory system that accompanies any
surgery causes neuropathic pain. The first choice for its treatment is a group of drugs
called anticonvulsants. It includes Gabapentin and Pregabalin. Surgical intervention
to remove impacted third mandibular molars inevitably damages nerve endings. This
fact explains the presence of neuropathic pain after this type of surgery. This gives us
reason to investigate how postoperative pain after surgery to remove impacted third
mandibular molars will be affected by drugs from the group of anticonvulsants.

The review of the literature and the critical analysis gives us grounds on the one
hand to study the possibilities for objectification of postoperative pain using modern
imaging and immunological means, and on the other - to explore the possibility of
better response to this pain using other groups of drugs in addition to the standard
NSAIDs.



Il. OWN STUDIES

1. OBJECTIVE:

To study the possibilities for influencing the pain symptoms after
surgical removal of impacted third mandibular molars using varios drugs,
using fMRI, immunological and psychological tests.

2. TASKS:

To achieve this objective, the following tasks were set:

1. Registration of pain intensity after surgical removal of impacted third
mandibular molars:

1.1 To study the intensity of pain using the Visual analog scale (VAS)
and the factors (age, sex, smoking, difficulty and duration of
surgical intervention, preemptive analgesia, postoperative
complications) affecting the sensation of pain

1.2 Activation of areas in the brain after surgical removal of impacted
third mandibular molars

2. To find the relationship between the intensity of postoperative pain
and reactive inflammatory process by examining Procalcitonin and
CGRP

3. To examine the serum levels of neurotransmitters and inflammatory
pain mediators - Procalcitonin and CGRP (calcitonin-gene related
peptide), and their response to the drugs administered

4. To study the influence of anxiety on the intensity of postoperative pain
and on the physiological parameters - blood pressure, pulse rate and
saturation in young adults



3. MATERIAL AND METHODS
3.1 Study design

The study is randomized, double-blind, placebo-controlled in order to
avoid the subjective moment when including patients in a particular group,
as well as to ensure that the results of various drugs are as accurate and
objective as possible. In simple randomization, the subjects are not divided
according to a certain feature (eg gender, age, etc.), which includes the
possibility of uneven distribution of populations in different groups.

3.2 Material:

Forty patients with impacted third mandibular molars bilaterally, with indications for
extraction. At random, patients were divided into three groups, taking respectively:

- Placebo - 10 patients
- Ibuprofen (400 mg) - 15 patients
- Ibuprofen (400 mg) with Gabapentin (300 mg) - 15 patients

Subject of observation:

Forty patients with impacted third mandibular molars bilaterally, with
indications for extraction, selected by inclusion and exclusion criteria.

Units of observation:

Adults who accidentally or were referred to the Department of Oral Surgery for
removal of impacted third mandibular molars.

Signs of observation:

Age, sex, smoking, changes in saturation, pulse rate and blood pressure during
surgery, postoperative pain, pain intensity, swelling - different localizations, changes
in the activity of certain brain structures due to postoperative pain, study change in
levels of procalcitonin and CGRP.

Time of observation:



The research was conducted in the period September 2017 - May 2018.

Place of observation:

Department of Oral Surgery, Faculty of Dental Medicine, Medical University
of Plovdiv.

Immunology Research Centre, Medical University of Plovdiv.
Translational Neuroscience Complex, Medical University - Plovdiv.

Surveillance authorities:

The observations were made by the study leader in collaboration with pre-
trained teachers.

3.3 Methods:
3.3.1 Clinical methods

The patients who took part in the present study were operated on in the
Department of Oral Surgery, Faculty of Dental Medicine, Medical University of
Plovdiv. All participants in the prospective placebo-controlled study signed an
informed consent after a detailed explanation of the objectives, methods and risks of
participating in the study according to the Declaration of Helsinki and according to
the rules of Good Clinical Practice. Each patient was registered and has an
appropriate outpatient number for both the first and second surgery.

Before the operation, a clinical-diagnostic examination was performed -
anamnesis, general and local status. Changes in heart rate and saturation were
reported before surgery, immediately after tooth extraction, and after the end of
surgical intervention, using a pulse oximeter. Blood pressure values were measured
before and after the end of the surgical procedure.

With regard to the performance of some of the tasks, medication was required.
Thirty minutes before surgery, patients took one "white" tablet (Placebo or Ibuprofen,
respectively) from a random vial numbered (Fig. 1) and continued to take it every 8
hours postoperatively until exhausted. In the presence of "yellow" tablets
(respectively Gabapentin) in the vial, patients took one tablet at bedtime for three
days, the first dose being on the day of surgery. For this purpose, the patients
received precise written and oral instructions regarding the medication. In the
presence of postoperative pain unresponsive to the medication in the vial, patients



were instructed to take only Paracetamol by calling the study leader in advance to
note the time of administration.
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Fig. 1 Medication vials

The surgery consisted of surgical removal of an impacted third mandibular
molar, the difficulty of which was assessed by Pedersson (Table 1), and the interval
between the two procedures in the same patient was at least two weeks.

Table 1. Pedersson difficulty index

Angulation
Mesioangular 1
Horizontal/transverse 2
Vertical 3
Distoangular 4
Depth
Level A: high occlusal level 1
Level B: middle occlusal level 2
Level C: deep occlusal level 3
Ramus relationship
Class I: enough space 1
Class Il: reduced space 2
Class I11: lack of space 3
Difficulty index
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Very difficult 7-10

Moderately difficult 5-6

Minimmaly difficult 3-4

Inclusion criteria:

Clinically healthy patients aged between 17 and 40 years with indications for
extraction of the third mandibular molar, bilateral

No evidence of pain associated with the extracted third mandibular molar

Exclusion criteria:

Patients not included in the studied age group

Pregnancy and lactation

Patients with aneurysmal clips and pacemakers

Patients with tattoos and piercings

Patients with a history of head trauma or seizures

Patients with neurological or mental illness

Systemic alcohol intake and drug use

Taking drugs that affect brain function (including aspirin) in the last two weeks
before the fMRI

Women, 5 days before and 5 days after their menstrual cycle (in order to
exclude the influence of hormonal factors on pain)

10. Anamnestic data for drug allergy

11. Acute inflammation in the area of the tooth to be extracted

12. Systemic lupus erythematosus or other disease to connective tissue

13. Diseases of the stomach or intestines, incl. Crohn's disease

14. Liver, kidney or cardiovascular diseases, incl. Hypertension

15. Chronic lung diseases

16. Intake of NSAIDs, anticoagulants, antiplatelets, digoxin, antihypertensives,

phenytoin, cholestyramine, aminoglycosides, quinolones, immunosuppressants,
bisphosphonates, pentoxifylline, baclofen, drugs for the treatment of diabetes
and depressive drugs.

Surgical technique:

The operations for surgical removal of mandibular third molars were performed using
a standard technique, raising a triangular mucoperiosteal flap (fig.3) following
anesthesia with one carpule 4% solution of articaine hydrochloride (Septanest).(fig.2)
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Fig.2 Inferior alveolar nerve block Fig.3. Triangular mucoperiosteal flap

The bone covering the tooth was removed by rotary instruments and, if necessary, the
tooth was separated into fragments.(Fig. 4) This was followed by dislocation and
extraction of the tooth, smoothing of the bone edges. irrigation of the surgical wound
with saline and placement of surgical suture, which was removed on postoperative
day 7. If necessary, a prophylactic rubber drain was placed, and it was removed
within 48 hours of surgery.(fig. 5)

.
Fig.4 Removal of the bone covering the tooth

Postoperative instructions were carefully explained to the patients. These
included a ban on eating for the next 2 postoperative hours, a recommended intake of
cold foods and drinks for 24 hours after surgery. Guidelines were given for
maintaining strict oral hygiene. Patients were instructed to contact the oral surgeon if
necessary.
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Fig. 5 Surgical suture and rubber drain

In order to mesure postoperative trismus and swelling (Fig. 6) it was necessary
to determine six distances: Interincisal distance - the distance from the cutting edge of
the right central maxillary incisor to the cutting edge of the right central mandibular
incisor at maximum open mouth; D1- from the angle of the lower jaw to the tragus;
D2- from the angle of the lower jaw to the corner of the eye; D3- from the angle of
the lower jaw to the wing of the nose; D4- from the angle of the lower jaw to the
labial commissure; D5- from the angle of the lower jaw to pogonion.(Fig.7) The
measurements of these distances are performed preoperatively, at the 24th, 48th and
72nd postoperative hour. For the sake of reliability, the measurements are performed
only by the study leader. Silk thread is used for the measurement, which is applied on
a millimeter line.

Fig.6 Postoperative swelling
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Fig.7 Distances to mesure postoperative swelling

To determine the intensity of postoperative pain, we applied Visual analog scale
(VAS). The patient marks with a vertical mark on a 100 mm line, which begins at its
left end with 0-no pain and ends at its right end with 10-Very strong pain, his
sensation of the force of pain. Pain reading is performed at 3, 6, 24, 48, and 72 hours,
respectively.

3.3.2 Image methods
OPG

All patients included in the study underwent orthopantomography (Fig. 8) in
order to diagnose and determine the severity of the surgical intervention. Fifteen
patients were randomly selected for control orthopantomography after the end of the
study (May-June 2018). (Fig. 9)

Fig 8. Preoperative orthopantomography
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Fig.9. Postoperative orthopantomography

fMRI”

The device used to do the research is the 3T Magnetic Resonance General
Electric Discovery 750w. (Fig. 10) fMRI was performed in the Complex for
translational neuroscience, Medical University-Plovdiv. (Fig. 11)

Fig.10 Magnetic Resonance General Electric Discovery 750w

* The research was performed in the Complex of Translational Neuroscience,
Medical University — Plovdiv.
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Fig.11 Complex of Translational Neuroscience

fMRI  was performed four times in each patient enrolled in the study,
respectively, before and 24 hours after each surgery to remove an impacted third
mandibular molar. All participants signed an informed consent. Patients were
instructed to close their eyes and lie still. Each participant was asked about vigilance
during the study; as there is no evidence that they fall asleep during the study, which
would lead to their exclusion from the sample. With respect to spDKM, the root
mean square error decreases with increasing number of time points; based on the
results of Razi A et al., which is why we decided to reach 1000 time points (with a
repetition time of 2 s), resulting in an approximately 35 minute scan.

Scan parameters

fMRI scanning of the participants was performed with a 3T MRI device (GE
Discovery 750w). Image acquisition began with a high-resolution structural scan - 3D
T1 F-BRAVO FSPGR, slice thickness 1 mm, matrix 256x256, relaxation time (TR)
9.5 msec, echo time (TE) 3.7 msec, angle of inversion 100 and continuation with
functional scanning at rest - 2D Echo Planar Imaging (EPI), slice thickness - 3 mm,
36 slices, matrix 64 x64, TR 2000 msec, inversion angle 900, 192 volumes. For the
last sequence, patients were instructed to stand as still as possible, with their eyes
closed and not to think about anything in particular.

Analysis of fMRI data

The MRI data were pre-processed using the statistical parametric mapping
software-SPM12 (available free of charge at
http://www.fil.ion.ucl.ac.uk/spm/software/spm12/), requiring installation in the
commercial environment of Mat Lab (Math Works, Hamuk, Massachusetts, USA).
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SMP12 is a voxel-based methodology for examining spatially distributed statistical
processes used to test hypothesis for data from functional imaging techniques and
Image sequence analysis. The specific study analyzes the individual data of patients
obtained at different time periods.

Pre-processing includes the following steps: importing Dicom files; reduction
of spatial distortions; the functional data were also normalized using a Gaussian
function with a 6 mm isotropic nucleus.

A dynamic model network (DMM) mask has been created using SPM. The
mask contains the regions in the right and left hemispheres: Broadman areas 19 and
39, parahippocampal gyrus, posterior singular, posterior cingulate, medial frontal

gyrus.

The state of rest is modeled using the generalized linear model with a discrete
cosine basic set (GLM-DCT), consisting of 400 functions with frequencies
characteristic of the dynamics of the state of rest: 0.0078-0.1 Hz, six inconvenience
regressors that capture motion of the head, and disturbances in the time series of the
extracerebral areas. F-contrast was determined at all DCT frequencies to obtain an
SPM that identifies regions showing BOLD oscillations in the bandwidth. The
obtained statistical parametric maps were then masked with a DMM mask based on
previously reported coordinates of the Montreal Neurological Institute (MNI) for
DM. The functional connectivity in DMM is well studied, so for our DCM we took as
interesting regions (nodes) the most frequently reported four main parts of DCM:
mPFC (3, 54, —2), PCC (0, —52, 26) , left and right intraparietal cortex LIPC (—50,
—63, 32) and RIPC (48, —69, 35).

For the DCM analysis, the main intrinsic variable of (8 mm radius) sphere
(corrected for interference) for each region was calculated and centered on the peak
voxel of the above-mentioned F-contrast. In order to limit the number of possible
models, it is assumed that the model is left-right symmetrical. In fact, no evidence to
the contrary has been found. The following connectivity models are indicated: full
connected model, three models in which the different regions are mainly affected by
the others (MPFC, PCC and bilateral modulation) and the same models, but without
direct links between the bilateral LIPC and RIPC, a total of 4 x 2 = 8 models.

3.3.2 Psychological methods

All patients underwent a screening, introductory interview with a psychologist
before being included in the study in order to exclude patients with mental illness and
disorders.

In order to perform the set tasks, it is necessary to determine the anxiety of the
patients. For this purpose, before each fMRI session, they filled in the STAI (State -
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Trait Anxiety Inventory) questionnaire. It was developed by Spielberger CD from the
University of Southern California-Tampa. The questionnaire measures anxiety both
as a personality trait and as an emotional state - the two main meanings of the
concept of anxiety. It was adapted for Bulgarian conditions by D. Shchetinski and 1.
Paspalanov in 1989 for the age over 13 years of the studied. The questionnaire
contains two separate scales for measuring anxiety as a condition and as a feature,
which are printed on both sides of the same answer sheet. The S-anxiety scale (STAI
- Form Y-1) contains 20 statements that, according to instructions, assess how
research "feels at the moment", but can also be used with a changed instruction -
aimed at the past or future. It evaluates: the feeling of danger, tension, nervousness
and anxiety. The T-anxiety scale (STAI - Form Y-2) contains 20 statements that,
according to instructions, assess how research "feels at all." It is used to diagnose
neuroticism, depression, professional selection, etc. The S-scale study is conducted
first, followed by the T-scale, but only one form can be used, according to the
objectives of the study. The evaluation is done by assigning a score of 1-4 points for
each statement. A score of 4 points indicates the presence of a high level of anxiety in
10 statements on the S-scale and 11 statements on the T-scale: S - anxiety: 3, 4, 6, 7,
9,12, 13, 14, 17, 18 - anxiety : 22, 24, 25, 28, 29, 31, 32, 35, 37, 38, 40

The statements about lack of anxiety, whose scores are inverted for S and T -
scales are: S - anxiety: 1, 2, 5, 8, 10, 11, 15, 16, 19, 20. T - anxiety: 21 , 23, 26, 27,
30, 33, 34, 36, 39. Add the scores on the two scales, not forgetting that in half of the
statements the scores are inverted. The total score is 20 to 80. If 1 or 2 statements are
not answered, the total is adjusted by adding the mean (rounded) of the completed
statements. In case of non-response to more than 2 statements, the result should not
be considered valid.

3.3.3 Immunological methods*

To perform the assigned tasks, it was necessary to take venous blood before and
24 after surgery in order to establish the levels of CGRP preoperatively and at 24
hours postoperatively. To study the serum concentrations of calcitonin-gene-linked
peptide (CGRP), we used serum previously separated from the blood taken with
Vacutainer (2.7 ml volume) by centrifugation for 5 minutes at 2000 rpm. We used
ELISA Human calcitonin gene related peptide CSB-E08210h (Cusabio, USA). The
values were obtained by ELISA method (Enzyme-linked immunosorbent assay). The

* The research was performed at the Research Center for Immunology - Department of
Microbiology and Immunology, Medical University - Plovdiv by Assistant Professor Maria
Ivanovska, PhD
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controls, standards and serums of the subjects were instilled on the solid phase with
fixed monoclonal antibodies against the respective test parameter. After incubation in
the dark at 37 ° and subsequent washing, a peroxidase conjugate was applied to form
a complex with the peptide. A second wash followed to remove the unbound
conjugate. Upon addition of a chromogenic substrate to the enzyme, a color reaction
occurs, indicating the presence of the test peptide. To stop the reaction, stop solution
was added dropwise to all wells. The absorbance is the optical density measured
spectrophotometrically on an ELISA reader with a wavelength of 450 nm. Double
samples were added. The concentration of each indicator was determined by
constructing a calibration curve.

Enzyme-linked fluorescence analysis (ELFA) in human serum or plasma on
VIDAS instruments (bioMérieux) was used to study serum procalcitonin
concentrations. The PCT analysis of VIDAS B - R - A-H - M - S is a one-step
immunological sandwich method with final fluorescence detection (ELFA). The
method used is automated and extremely sensitive, with a limit of quantification
(LoQ) of 0.05 pg / L and a limit of detection (LoD) of 0.03 pug /L.

3.3.4 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
social science software IBM SPSS Statistics v. 25. The fMRI data were analyzed
using SPM 12 (Statistics Parametric Mapping, http://www.fil.ion.ucl.ac.uk/spm/) on
the MATLAB R2015a platform for Windows. The results of all tests are considered
statistically significant at p-value <0.05. The graphical analysis was performed in an
MS Office 365 environment using Excel

1) Descriptive methods and methods of assessment:

- Analysis of variance of quantitative variables
- Frequency analysis of qualitative variables (nominal and rank), which includes
absolute frequencies, relative frequencies (as percentages)

- Graphic images - histograms, bar charts, box-plot, digital images
2) Methods for hypotheses testing:

Parametric:

- Independent and Paired Sample T-tests - check for equality of two means
- One-way ANOVA with Bonferoni correction

18



- Z-test
- Test of Shapiro-Wilk

Non-parametric:

- Wilcoxon signed-rank test - comparison of two related samples when the
distribution cannot be assumed to be normal.
Correlation analysis:

rxy Pearson correlation coefficient;

po- coefficient (p) of Spearman for rank correlation
Regression analysis:

Linear regression analysis

Hierarchical multiple regression
Analysis of fMRI images:

the functional images are regrouped, co-registered with the structural images
normalized in the space of the Montreal Neurological Institute (MNI) and smoothed
with a 6-millimeter full width at half the maximum Gaussian function; the analysis of
the state at rest at the first level is performed with the help of a general linear model
applied to the time series; auxiliary covariates include the six parameters of motion of
a stationary body, averaged white matter, and cerebrospinal fluid signals in the form
of time series. BOLD time series were extracted for eight predefined areas of interest
from spheres with a radius of 6 mm, all of which were located in the right
hemisphere; the analysis included the following regions with their MNI coordinates:
PCC [0, -52, 26], mPFC [[3, 54, -2], RIPC [48, -69, 35], LIPC [-50, -63, 32] . The
BOLD signal from some of the ROIs was absent in 2 patients, which led to their
exclusion from further analysis.

Dynamic causal modeling:

analysis of neural processes that result from measured time series in order to evaluate
the parameters of a realistic model of the neuronal system, so that the predicted
depending on the level of oxygen in the blood signal (BOLD), which is obtained as a
result of the transformation of the modeled neural dynamics in hemodynamic
responses to correspond as much as possible to the observed BOLD time series; a
fully connected model is achieved, where each node (ROI) is connected to the others
in two-way pairs.
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IV. RESULTS

The mean age of the patients included in the study was 22+3 years (19-38), 12
male patients (30£7.24%) and 28 female patients (70+7.24%). 29 (72.5+£7.06%) of
the patients were non-smokers and 11 (27.5+£7.06%) were smokers, respectively.
Non-uniform distribution by sex, age, and smoking status was observed.

The difficulty of the first surgical procedure was reported in two groups:
moderate in 25£6.84% (10 subjects) and great in 75£6.84% (30 subjects), while in
the second surgical procedure the distribution was as follows: moderate in
21.1+1.07% (8 subjects) and great in 78.8£1.07% (30 subjects). In both surgical
procedures, we observed non-uniform distribution by this parameter, with mean
difficulty in both procedures of 71, which corresponds to surgical procedures with
great difficulty.

The distribution of patients depending on the medication administered was as
follows: in the first surgical procedure: group A - 20+6.32% (8 persons), group B -
35+7.54% (14 persons) and group C - 45£7.86% (18 persons); in the second surgical
procedure: group A - 28.9£1.19% (11 persons), group B - 39.5+1.28% (15 persons)
and group C - 31.6+1.22% (12 persons). The distribution of patients was non-uniform
in both surgical procedures.

The mean duration of the surgical procedures was as follows: of the first
surgical procedure - 25£22 minutes, of the second surgical procedure- 35.26+£13.262
minutes. Statistically significant longer duration of surgery in the second surgical
procedures was found. In the first surgical procedure, non-uniform distribution was
observed, unlike the second surgical procedure, where the distribution by duration of
surgery was uniform.

Postoperative follow-up of patients was carried out, and all postoperative
complications were described. After the first surgical procedure, complications
occurred in 12.5£5.22% (5 cases), while after the second surgical procedure,
complications were reported in 13.2+5.48% (5 cases), respectively.

1. Results under task 1

Task 1: Registration of pain intensity after surgical removal of impacted third
mandibular molars:

- To study the intensity of pain using the Visual analog scale (VAS) and the
factors (age, sex, smoking, difficulty and duration of surgical intervention,
preemptive analgesia, postoperative complications) affecting the sensation of
pain

- Activation of areas in the brain after surgical removal of impacted third
mandibular molars

20



1.1 Rezults under subtask 1:

For the first procedure, the one-way repeated measure analysis of variance (ANOVA)
with Greenhouse-Geisser correction showed statistically significant difference in the
means of pain intensity reported in the sample (n = 40) between the different time
points (F(2.063, 10307.39) = 14.079, p = 0.000). This demonstrates the high
statistical significance of the results obtained. Post-hoc tests using the Bonferroni
correction showed statistically significantly higher pain intensity at hour 6
(49.488+4.165 mm) vs. all other time points - hour 3, 24, 48, 72 (32.550+4.64 mm, p
=0.002, 29.088+£4.47 mm, p = 0.000, 25.500£4.28 mm, p = 0.000, 18.61+£3.80 mm, p
= 0.000, respectively).

The pain reported at hour 72 after the first extraction was statistically significantly (p
= 0.018) lower than that reported at hour 24.

For the second procedure, the one-way repeated measure analysis of variance
(ANOVA) with Greenhouse-Geisser correction showed statistically significant
difference in the means of pain intensity reported in the sample (n = 38) between the
different time points (F(2.033, 5240.53) = 8.266, p=0.001). Differences in mean pain
intensity after the second surgical procedure were identical to those after the first
surgical procedure, i. e. with high level of statistical significance. Post-hoc tests using
the Bonferroni correction showed statistically significantly higher pain intensity at
hour 6 (39.57£4.94 mm) vs. all other time points - hour 24, 48, 72 (23.28+4.37 mm, p
=0.011; 21.25+4.18 mm, p = 0.004; 18.45+£3.93 mm, p = 0.001, respectively).

» 120

[EEN
o O
o o

Ay

— T~

1

HH

T
1

N
o O

Mean pain intensity on VA

Hour 3 Hour 6 Hour 24 Hour 48 Hour 72
Time points
—Second surgical procedure
- Fjrst surgical procedure

Diagram 1: Dynamics of the mean pain intensity measured by VAS after the first and the second
extractions

Statistically significant difference (paired t-test, p = 0.007, n = 38) was found
between the paired mean pain intensities measured at hour 6; the intensity was
statistically significantly lower after the second procedure (39.57+4.94 mm)
compared to the first one (48.67+4.27 mm).
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Three-step hierarchical multiple regression was conducted with the pain reported at
the respective hours in both procedures as a dependent variable: Step 1 - Here we
included the predictors which we expected to predict the pain - difficulty and duration
of the procedure.

In the next steps we included the explanatory predictor variables (stepwise method of
inclusion) which we did not expect to necessarily affect the pain, as follows: Step 2 -
preemptive analgesia; Step 3 - complication; and Step 4 - age, sex, and smoking
status.

For the first extraction, this model gave results for hours 48 and 72, and for the
second extraction — for hours 3, 24, 48 and 72 (Table 2).

Table 2: Summarized hierarchical regression analysis results for predictor variables for pain

Variable b SE B T p-value R R? adjusted R? AR?

First surgical procedure

Pain at hour 48

Step 1 0.37 | 0.14 | 0.09
Constant -43.71 28.96 -1.51 | 0.140
Difficulty 9.96 4.48 0.37 2.22 0.032
Duration 0.02 0.28 0.01 0.08 0.936

Pain at hour 72

Step 1 049 |0.24 |0.20
Constant -56.32 24.24 -2.32 | 0.026
Difficulty 9.72 3.75 0.40 2.59 0.014
Duration 0.26 0.24 0.17 1.09 0.285

Second surgical procedure

Pain at hour 3

Step 1 0.22 | 0.05 |-0.01

Constant -7.17 28.90 -0.25 | 0.806

Difficulty 4.55 4.80 0.20 -.95 0.350

Duration 0.09 0.45 0.04 0.19 0.849

Step 2 047 |0.22 |0.16 0.17
Constant 33.42 30.28 1.10 0.277
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Difficulty 381 4.41 0.16 0.87 0.393

Duration -0.03 0.41 -0.01 -0.06 | 0.951

:r':zfg”;gt;ve -15.43 5.57 043 | -2.77 | 0.009

Pain at hour 24

Step 1 045 |0.20 |0.16
Constant -47.28 2491 -1.90 | 0.066

Difficulty 9.28 4.14 0.43 2.25 0.031

Duration 0.08 0.38 0.04 0.20 0.847

Pain at hour 48

Step 1 053 |0.28 |0.24
Constant -58.73 22.64 -259 | 0.014

Difficulty 10.68 3.76 0.51 2.84 0.007

Duration 0.05 0.35 0.03 0.15 0.880

Step 2 0.61 |0.38 |0.32 0.10
Constant -47.28 21.94 -2.16 | 0.038

Difficulty 8.44 3.68 0.40 2.30 0.028

Duration 0.10 0.33 0.05 0.30 0.763

Complication 24.49 10.64 0.33 2.30 0.028

Pain at hour 72

Step 1 059 |035 |031
Constant -65.22 20.24 -3.22 | 0.003

Difficulty 11.09 3.36 0.57 3.30 0.002

Duration 0.07 0.31 0.04 0.23 0.818

Step 2 0.65 | 043 |0.38 0.80
Constant -55.43 19.75 -2.81 | 0.008

Difficulty 9.18 3.31 0.47 2.77 0.009

Duration 0.11 0.30 0.06 0.38 0.706

Complication 20.92 9.57 0.30 2.19 0.036
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The use of hierarchical multiple regression shows that in the first procedure the
difficulty of the surgery contributes significantly to the regression model at hour 48
F(2.37) = 3.05, p = 0.041, and hour 72 F(2.37) = 5.82, p = 0.006, determining 14%
and 24% of the pain intensity changes at these time points, respectively. The
regression coefficient for hour 48 — by = -43.71 (constant) is not statistically
significant (t = 1.51, p = 0.140), whereas the regression coefficient in front of the
factor variable - difficulty by = 9.96 is (t = 2.22, p = 0.032) and is significant. For
hour 72, the regression coefficient by = -56.32 is already statistically significant (t =
2.32,p=0.026), as well as b; =9.72 (t = 2.59, p = 0.014).

At both time points, stepwise regression excludes the variables of Steps 2, 3 and 4
from the regression equation as non-essential, i. e. regression coefficients in front of
these factors are not statistically significant; therefore, they do not have significant
influence on pain intensity.

For the second procedure, the hierarchical multiple regression demonstrates the
adequacy of the model at: (1) hour 3 after addition of predictor variable - preemptive
analgesia F(3.34) = 3.28, p = 0.033, which is statistically significant; The inclusion of
this variable explains an additional 16% of the variation in pain intensity, with only
its regression coefficient b; = -15.43 being statistically significant (t = 2.77, p =
0.009). One-way analysis of variance (ANOVA) with Bonferroni correction showed
statistically significantly lower levels of pain at hour 3 in Group B (n = 15;
23.00£6.30 mm) treated with ibuprofen, and in group C (n = 12; 17.414£5.63 mm)
treated with combination of ibuprofen with gabapentin compared to group A (n = 11;
50.27+9.84 mm) who received placebo, p = 0.034 and p = 0.013, respectively;

(1) hour 24 F(2.35) = 4.41, p = 0.020 only in Step 1 and excluding the variables in
Steps 2, 3 and 4, with difficulty explaining 20% of the variation in pain. The
regression coefficient is statistically significant (t = 2.25, p = 0.031) only in front of
the factor variable - difficulty b; = 9.28. One-way analysis of variance (ANOVA)
with Bonferroni correction demonstrates a statistically significant difference between
the mean pain scores (p = 0.020) at hour 24 with Pederson difficulty index 6 (n = 5;
4.00£23.10 mm meanzerror) versus Pederson difficulty index 9 (n = 4; 58.25+£12.48
mm);

(111) hours 48 and 72, at which the difficulty in Step 1 contributes significantly to the
adequacy of the regression models - F(2.35) = 6.77, p = 0.003 and F(2.35) =9.32,p =
0.001, respectively, explaining 28% and 35% of the variation in pain. For both time
points, in Step 2, introducing the variable complication from Step 3 represents an
additional 10% and 8% of variation; this change in R? is significant - F(3.34) = 6.83,
p = 0.001 at hour 48 and F(3.34) = 8.48, p = 0.000 at hour 72. In patients with
complications, pain intensities at these time points are statistically significantly
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higher (n = 5; 55.40+16.04 mm) at hour 48 and (n = 5; 45.20£16.14 mm) at hour 72
compared to patients without complications (n = 33, 16.83+3.70 mm) - t = 3.00, p =
0.005 at hour 48 and (n = 33, 14.39+3.42 mm) - t = 2.91, p = 0.006 at hour 72,
respectively.

At hour 48, the values of the standardized regression coefficient B for the two
prediction variables - difficulty (B = 0.40) and complication (B = 0.33) are close to
each other. Therefore, we can conclude that they have a similar effect on the pain at
this time point. On the other hand, at hour 72, the standardized regression coefficient
B for difficulty (B = 0.47) is higher than that for complications (B = 0.30), therefore
the difficulty of the procedure has a greater impact on the pain intensity compared to
the occurrence of a complication.

Conclusion:

1. Postoperative pain after surgical removal of third mandibular molar has the
greatest intensity at the 6th postoperative hour

2. Postoperative pain is significantly lower in intensity after the second,
compared to the first surgical intervention

3. The difficulty of the surgical intervention is the factor that most strongly
affects the postoperative pain after surgical removal of impacted third
mandibular molars

4. The use of preemptive analgesia reduces the intensity of postoperative pain

5. The factors duration, sex, age and smoking do not affect the intensity of
postoperative pain after surgical removal of third mandibular molar

1.2 Subtask 2

Rezults:

The use of fMRI at rest is already a widespread scientific method; especially in
attempts to characterize differences in functional connectivity between study groups
(or different brain conditions). Functional connectivity is defined as the statistical
relationship between the observed neurophysiological responses. Although functional
connectivity can be very useful for describing models without a normal distribution
of activity, it cannot be used to derive a basic effective connectivity - defined as the
effect that one neural system has on another. This technical note introduces the
dynamic causal model (DCM) to identify and quantify the effective connectivity that
causes functional connectivity.
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Dynamic causal modeling is based on an idea originally developed for MRI
data: the measured data is explained by a network model consisting of several sources
that interact dynamically. This network model is reversed using the Bayesian
approach, which allows conclusions to be drawn about the connections between
sources or the modulation of connections on a given assignment.

Dynamic causal modeling is a method for analyzing neural processes that
result from measured time series. The general idea is to evaluate the parameters of a
realistic model of the neuronal system, so that the predicted signal depending on the
level of oxygen in the blood (BOLD), which is obtained as a result of converting the
simulated neural dynamics into hemodynamic responses, corresponds to the observed
BOLD time series. In principle, DCMs can be formulated for any measurement
technique. Depending on the spatio-temporal properties of a given measuring
technique, it is necessary to determine an adequate equation of state and a model of
observation.

As in the state-space time series models, two separate levels define the DCM.
The latent level, which cannot be directly observed by fMR, is a simple model of
neural dynamics in a system of k-linked brain areas. Each system element i is
represented by a state variable zi, and the dynamics of the system is described by
changing the vector of the neural state over time.

The variables of the neuronal state do not correspond directly to any general
neurophysiological measurement, but represent a generalized index of the dynamics
of the neural population in the respective regions. Importantly, DCM models how
neural dynamics are driven by external disturbances that result from experimentally
controlled manipulations.

These disturbances are described by external inputs u, which enter the model in
two different ways: they can provoke reactions by directly affecting specific regions
("driving" inputs, eg evoked responses in early sensory areas) or they can change the
strength of the connection between the regions ('modulating’ inputs, for example
during learning or attention).

In general, DCM models the temporal evolution of the neural state vector, i. as a
function of the current state, the inputs u and some parameters that determine the
functional architecture and interactions between brain regions at the neural level (n
means "neural”):
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In this neural state equation, the state z and the inputs u are time dependent,
while the parameters are time invariant.

DCM combines this model of neural dynamics with a biophysically plausible
and experimentally validated hemodynamic model that describes the transformation
of neural activity into a BOLD response. Briefly summarized, this model consists of a
set of differential equations that describe the relationships between four variables of
the hemodynamic state using five parameters (0 * h).

An extension to the framework of dynamic causal modeling is the DCM for
modeling the internal dynamics of a network at rest. This DCM evaluates the
effective connectivity between coupled populations of neurons, which reinforces the
observed functional connectivity in the frequency domain. This is known as spectral
DCM (sp DCM).

Spectral DCM uses a neuronally plausible model of the energy law of the
related dynamics of neuronal populations to generate complex cross-spectra among
the measured responses. Spectral DCM is different from stochastic DCM (sDCM) in
that it avoids estimating random fluctuations in (hidden) neural states; by making the
spectral DCM essentially deterministic. These models are similar to conventional
deterministic DCM for fMRI, but model endogenous activity that would reproduce
the functional correlation observed in fMRI at rest. DCMs with rest data are also less
complex; whereas most resting design designs compare groups of subjects (eg,
patient cohorts versus controls or self-controls), spDKMs usually do not require
bilinear terms (taking into account state-specific effects on effective strong
relationships). Spectral DCM is only intended to compare endogenous binding
between groups of subjects.

When modeling resting activity, it is necessary to increase the ordinary
differential equations used in the standard DCM with a stochastic term for modeling
endogenous oscillations of neurons.

This makes the equations of motion stochastic. The stochastic generative model
for the time series of fMRI at rest, like any other DCM, consists of two equations:
The Langevin form of the evolution equation (motion) is written as:

z=f(z,u,0)+v (2)

and an observation equation, which is a static nonlinear mapping from the latent
physiological states in equation (2) to the observed BOLD activity and is recorded
as::
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y=h(z,u,p)+e (3)

where z" is the rate of change of neural states z, 6 are unknown parameters (ie
effective connectivity), and v (respectively e) is the stochastic process - called state
noise (respectively noise from measurement or observation) - modeling random
oscillations of the neurons that drive activity at rest. In the observation equations, @
are the unknown parameters of the (hemodynamic) observation function, and u
represents any exogenous (or experimental) inputs - which are usually absent in
resting models. For activity at rest, equation (2) acquires a very simple linear form:

z=Az+Cu+v 4),

where A is the behavior described by the mathematician Carl Gustav Jacob
Jacobi - i.e. the effective connectivity of the system near its fixed point (f (z_o0) = 0)
in the absence of oscillations v. It should be noted that we can still include exogenous
(or experimental) inputs, u in our model. These inputs control latent states and are
usually set to zero in resting state models. It is quite possible to have external (non-
modulating) stimuli, as in the case of conventional functional neuroimaging studies.

Inverting the stochastic DCM in the form given by equation (4) in the time
domain, which includes state noise, is quite complicated, as such models require an
assessment not only of the model parameters (and of all hyperparameters that
measure random oscillations). , but also the latent states that become random
(probabilistic) variables. Therefore, the unknown quantities to be estimated in
stochastic DCM are y = {z, ¢, 0, 6}, where o refers to any hyperparameters (exact or
inverse covariances) that determine neuronal oscillations. In terms of temporal
characteristics, latent states are variants in time, while model parameters (and
hyperparameters) are invariant in time.

Spectral DCM simply evaluates time-invariant parameters in their cross-spectra.
In other words, while stochastic DCMs model the observed BOLD time series of
each node, spectral DCMs model the observed functional connectivity between
nodes. This is effectively achieved by replacing the original time series with their
second-order statistics (ie cross-spectra), assuming stationarity. This means that
instead of estimating the time varying in latent states, we estimate their covariance,
which does not change over time. This means that we need to estimate the covariance
of random fluctuations; where without scale (power law) noise of the state
(respectively, noise of observation) is formed, which can be caused by previous work
on the neural activity.
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Rezults:

Fig. 12. fMRI before the first surgical Fig. 13. fMRI after the first surgical
intervention intervention

Fig. 14. fMRI before the second surgical Fig. 15. fMRI after the second surgical
intervention intervention
=== ﬂSyﬂOCOqHG eKcumamopHa 6pouv3Ka
Jleynocouna uHxubumopHa épv3xa

ﬂsynocoqna excumamopﬂo-uﬁxuﬁumopHa 6PB3KA
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After performing a paired t-test, the following statistically significant
differences between the arithmetic means over pairs of nodes at the respective time
points were demonstrated (Table 3).

Table 3. Arithmetic mean scores by pairs of nodes

Time Paires of LI R
Intervention : t-test rank test p-value
point nodes
before
LIPL_LIPL 2.26 - 0.030
After
before
RIPL_LIPL 2.92 - 0.006
First After
intervention before
MPFC_MPFC - 2.04 0.041
After
before
RIPL_PCC - 2.06 0.039
after
before
RIPL_LIPL 2.47 - 0.019
before
] before
First LIPL_LIPL - 2.18 0.029
intervention — before
Second before
intervention RIPL_LIPL 2.62 0.009
before
before
RIPL_RIPL 2.24 0.025
before
) After PCC_MPFC 2.73 - 0.010
First
intervention — After
_Second ) After RIPL_MPFC 2.22 0.033
intervention
After

ANOVA with repeated measurements with Greenhouse-Geisser correction
showed that the mean rates of PCC_MPFC differed statistically significantly between
time points (F (89.78, 0.09) = 3.55, p = 0.022). Post hoc tests using Bonferroni
correction showed that over time the mean PCC_MPFC score decreased statistically
significantly measured between the first intervention - after and the second
intervention - before (0.04547 = 0.25 versus -0.13781 = 0.29; p = 0.026). A time
difference was also demonstrated between the mean rates of RIPL_LIPL (F (97.08,
0.29) = 3.03, p = 0.035). Post-hoc tests with Bonferroni correction demonstrated that
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over time, the mean RIPL_LIPL score decreased statistically significantly measured
between before and after the first intervention - (0.42394 + 0.49 versus 0.04547 +
0.25 versus 0.07774 £ 0.71; p = 0.037).

The correlation matrix presents the significant correlation coefficients between
the pairs of nodes at different time points. For correlation coefficients up to 0.40 we
assume that there is a weak (direct or inverse relationship between the studied
variables depending on the sign in front of the coefficient), and those with values
above 0.50 to 0.70 are interpreted as moderate to strong associations.

After the first intervention, the model constructed in this way gave results for
the following pairs of nodes (Table 4).

Table 4. Summary results of regression analysis for the influence of predictor variables on
the values of the node pairs reported after the first intervention

Variable B SE B T p-value | R | R? Corﬁfted AR?
First intervention- after
LIPL_MPFC
F(3; 0.21)=3.02; p=0.044 0.48 | 0.23 0.15 0.23
Constant -0.98 0.32 3.07 0.004
Difficulty 0.19 0.08 0.70 | 248 0.019
Duration 0.002 0.003 0.09 0.08 0.597
MPFC_LIPL
F(3; 1.05)=3.94; p=0.017 0.53 | 0.28 0.21 0.28
Constant 1.82 0.63 2.90 0.007
Difficulty -0.42 0.15 | -0.76 | 2.79 0.009
Duration 0.01 0.006 | 0.36 | 2.15 0.039

The application of regression analysis reveals that after the first intervention
the difficulty of the operation contributes significantly to the values reported in
LIPL_MPFCF (3; 0.21) =3.02, p =0.044 and in MPFC_LIPL F (3; 1.05) =3.94,p =
0.017 nodes. , explaining, respectively, 48% and 53% of the variation. For
LIPL_MPFC the regression coefficient b0 = -0.98 (constant) is statistically
significant (t = 3.07, p = 0.004), as well as that before the factor variable difficulty bl
=0.19is (t = 2.48, p = 0.019). For MPFC_LIPL the regression coefficient b0 = 1.82
is also statistically significant (t = 2.90, p = 0.007), as well as the coefficients before
the two factor variables difficulty - bl =-0.42 (t = 2.79, p = 0.009) and duration b2 =
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0.01 = 2.15, p = 0.039). The value of the coefficient before the factor variable
difficulty is higher than that before the duration, therefore the difficulty contributes
significantly more to the variation in the MPFC_LIPL values than the duration of the
extraction.

No statistically significant results were achieved when performing the
regression analysis in the thus constructed model at the time point - after the second
intervention

Conclusions:

1. There is a decrease in the activity of MRFC and PCC, which shows the
creation of a memory for the pain in relation to our surgical intervention

2. The difficulty of the surgical intervention most significantly affects the change
in the values of the pair MRFC - LIPL, which makes it a leading predictor in
terms of the intensity of postoperative pain.

3. The increase in the BOLD signal in the RIPL_RIPL pair, measured before the
first and before the second surgical intervention, demonstrates an increase in
constant attention or vigilance, which enhances the individual's ability to cope
with inappropriate stimuli.

2. Rezults under task 2

Task 2: To find the relationship between the intensity of postoperative pain and
reactive inflammatory process by examining Procalcitonin and CGRP

Rezults:

In the first intervention, one-way analysis of variance (ANOVA) with repeated
measurements and Greenhouse-Geisser correction determined that:

I. The mean values of the edema size in D1, reported in the sample (n = 40),
differ statistically significantly between the 4 time points (F (2.24, 87.39) = 23.89, p
= 0.000). Post hoc tests using Bonferroni correction reported a statistically
significantly lower swelling in D1 at the first time point (before) (63.15 £ 1.32 mm
(mean + error)) compared to all other time points - 24th, 48th and 72nd hour
(respectively, 68.63 £ 1.24 mm, p = 0.000; 67.90 £ 1.15 mm, p = 0.000; 66.58 + 1.18
mm, p = 0.000). The edema in D1 at 24 hours after the first extraction was
statistically significantly (p = 0.033) higher than that measured at 72 hours.
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Diagram 2. Dynamics of the average values of the measured quantity
of swelling in D1 at first extraction

Table 5. Comparisons by pairs in the model at the first extraction in D1

Difference 95% CI of the difference
between Average | | o1e —
arithmetic error p lower limit upper limit
means
24™ hour -5.475 0.918 0.000 -8.028 -2.922
Before 48™ hour -4.750 0.768 0.000 -6.884 -2.616
72" hour -3.425 0.684 0.000 -5.326 -1.524
24™ hour | 72" hour 2.050 0.698 0.033 0.110 3.990

I1. The mean values of the size of the edema in D2, reported in the sample (n =
40), differ statistically significantly between the 4 time points (F (2.07, 80.69) =

19.73, p = 0.000). Post hoc tests using Bonferroni correction reported a statistically

significantly lower swelling in D2 at the first time point (before) (100.50 £ 1.16 mm

(mean %

error)) compared to all other time points - 24th, 48th and 72nd hour

(respectively, 104.53 £ 1.11 mm, p = 0.000; 104.13 = 1.33 mm, p = 0.000; 102.90 +
1.33 mm, p = 0.003). The edema in D2 at 48 hours after the first extraction was
statistically significantly (p = 0.014) higher than that measured at 72 hours.

33



105

e
e
c 104
=
C
= 103
(6]
=
wn
S 102
(5]
N
(73]
o 101
o
S
4 100
before 24-th hour 48-th hour 72-nd hour
Time points

Diagram 3. Dynamics of the average values of the measured quantity
of swelling in D2 at first extraction

Table 6. Comparisons by pairs in the model at the first extraction in D2

Difference 959% CI of the difference
between Average _value
arithmetic error | P Lower Upper
means limit limit
24™ hour -4.025 0.472 0.000 -5.336 -2.714
Before 48™ hour -3.625 0.694 0.000 -5.554 -1.696
72" hour -2.400 0.624 0.003 -4.135 -0.665
24™ hour 72" hour 1.225 0.376 0.014 0.179 2.271

I11. The mean values of the edema size in D3, reported in the sample (n = 40),
differed statistically significantly between the 4 time points (F (2.00, 78.06) = 40.48,
p = 0.000). Post hoc tests using Bonferroni correction reported a statistically
significantly lower swelling in D3 at the first time point (before) (109.00 £ 1.347 mm
(mean * error)) compared to all other time points - 24th, 48th and 72nd hour
(respectively, 115.63 £ 1.24 mm, p = 0.000; 114.450 + 1.39 mm, p = 0.000; 112.15 +
1.36 mm, p = 0.000). The edema in D3 at 24 and 48 hours after the first extraction
was statistically significantly (p = 0.001 and p = 0.000) greater than that measured at
72 hours.
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Diagram 4. Dynamics of the average values of the measured quantity
of swelling in D3 at first extraction

Table 7. Comparisons by pairs in the model at the first extraction in D3

Difference 95% CI of the difference
between Average value
arithmetic error | P Lower Upper
means limit limit
24t hour -6.625 0.803 0.000 -8.856 -4.394
Before 48t hour -5.450 0.580 0.000 -7.061 -3.839
72ndhour -3.150 0.512 0.000 -4.573 -1.727
24t hour | 72"%our 3.475 0.796 0.001 1.263 5.687
48" hour | 72"9hour 2.300 0.308 0.000 1.443 3.157

IV. The mean values of the amount of edema in D4 reported in the sample (n =
40) differed statistically significantly between the 4 time points (F (2.43, 94.63) =
40.42, p = 0.000). Post hoc tests using Bonferroni correction reported a statistically
significantly lower swelling in D4 at the first time point (before) (89.65 £ 1.43 mm
(mean * error)) compared to all other time points - 24th, 48th and 72nd hour
(respectively, 98.65 + 1.20 mm, p = 0.000; 97.88 £ 1.39 mm, p = 0.000; 94.48 £ 1.31
mm, p = 0.000). The edema in D4 at 24 and 48 hours after the first extraction was
statistically significantly (p = 0.000 and p = 0.000) greater than that measured at 72
hours.

35



94

92

90

88

Average size of swelling (in mm)

before 24-th hour 48-th hour 72-nd hour
Time points

Diagram 5. Dynamics of the average values of the measured quantity
of swelling in D4 at first extraction

Table 8. Comparisons by pairs in the model at the first extraction in D4

Difference 95% CI of the difference
between Average | e
arithmetic error | P Lower Upper
means limit limit
24t hour -9.000 1.066 0.000 -11.962 -6.038
Before 48thhour -8.225 1.089 0.000 -11.253 -5.197
72ndhour -4.825 0.827 0.000 -7.122 -2.528
24t hour | 72"%our 4.175 0.861 0.000 1.780 6.570
48t hour | 72"9hour 3.400 0.631 0.000 1.645 5.155

V. The mean values of the edema size in D5 reported in the sample (n = 40)
differed statistically significantly between the 4 time points (F (2.29, 89.19) = 72.29,
p = 0.000). Post hoc tests using Bonferroni correction reported a statistically
significantly lower swelling in D5 at the first time point (before) (110.78 £ 1.58 mm
(mean * error)) compared to all other time points - 24th, 48th and 72nd hour
(respectively, 120.53 £ 1.48 mm, p = 0.000; 118.90 = 1.43 mm, p = 0.000; 115.63 +
1.44 mm, p = 0.000). The edema in D5 at 24 and 48 hours after the first extraction
was statistically significantly (p = 0.000 and p = 0.000) greater than that measured at
72 hours.
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Table 9. Comparisons by pairs in the model at the first extraction in D5

Difference 95% ClI of the difference
between Average _value
arithmetic error | P Lower Upper
means limit limit
24 hour -9.750 0.878 0.000 -12.189 -7.311
Before 48" hour -8.125 0.859 0.000 -10.512 -5.738
72"hour -4.850 0.718 0.000 -6.844 -2.856
24t hour | 72"hour 4.900 0.637 0.000 3.129 6.671
48 hour | 72" hour 3.275 0.440 0.000 2.052 4,498

In the second intervention, one-way analysis of variance (ANOVA) with
repeated measurements and Greenhouse-Geisser correction determined that:

I.  The mean values of the size of the edema in D1, reported in the sample (n = 38),
differ statistically significantly between the 4 time points (F (2.39, 88.29) =
23.43, p = 0.000). Post hoc tests using Bonferroni correction reported a
statistically significantly smaller swelling in D1 at the first time point (before)
(61.97 £ 1.20 mm (mean + error)) compared to all other time points - 24th, 48th
and 72nd hour (respectively, 66.58 £ 1.13 mm, p = 0.000; 65.98 £ 1.02 mm, p =
0.000; 64.58 £ 1.00 mm, p = 0.002). The edema in D1 at 24 and 48 hours after
the second extraction was statistically significantly (p = 0.007 and p = 0.000)
greater than that measured at 72 hours.
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Table 10. Comparisons by pairs in the model at the second extraction in D1

Difference 95% CI of the difference
between Average | e
arithmetic error | P Lower Upper
means limit limit
24" hour -4.605 0.704 0.000 -6.568 -2.642
Before 48t hour -4.000 0.692 0.000 -5.930 -2.070
72ndhour -2.605 0.648 0.002 -4.413 -0.798
24t hour | 72"%our 2.000 0.566 0.007 0.423 3.577
48" hour | 72"9hour 4.000 0.692 0.000 2.070 5.930

I1. The mean values of the edema size in D2 reported in the sample (n = 38)
differed statistically significantly between the 4 time points (F (2.68, 99.19) =
23.53, p = 0.000). Post hoc tests using Bonferroni correction reported a statistically
significantly lower swelling in D2 at the first time point (before) (98.50 £ 0.95 mm
(mean * error)) compared to all other time points - 24th, 48th and 72nd hour
(respectively, 102.90 £ 1.00 mm, p = 0.000; 102.82 £ 0.99 mm, p = 0.000; 101.05
+ 1.04 mm, p = 0.000). The edema in D2 at 24 and 48 hours after the second
extraction was statistically significantly (p = 0.040 and p = 0.000) greater than that
measured at 72 hours.
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Diagram 8. Dynamics of the average values of the measured quantity
of swelling in D2 at second extraction

Table 11. Comparisons by pairs in the model at the second extraction in D2

Difference 95% CI of the difference
between Average | e
arithmetic error | P Lower Upper
means limit limit
24t hour -4.395 0.576 0.000 -6.001 -2.788
Before 48t hour -4.316 0.646 0.000 -6.116 -2.516
7o0dhour -2.553 0.525 0.000 -4.016 -1.089
24t hour | 72"hour 1.842 0.642 0.040 0.053 3.631
48t hour | 72"hour 4.316 0.646 0.000 2.516 6.116

I11. The mean values of the amount of edema in D3, reported in the sample
(n = 38), differed statistically significantly between the 4 time points (F (2.23,
82.47) = 31.81, p = 0.000). Post hoc tests using Bonferroni correction reported a
statistically significantly lower swelling in D3 at the first time point (before)
(109.47 £ 0.98 mm (mean * error)) compared to all other time points - 24th, 48th
and 72nd hour (respectively, 114.47 + 0.98 mm, p = 0.000; 114.45 £ 1.08 mm, p
= 0.000; 112.66 £ 1.02 mm, p = 0.000). The edema in D3 at 24 and 48 hours
after the second extraction was statistically significantly (p = 0.040 and p =
0.000) higher than measured at 72 hours.

39



=
[N
ol

- = = = =
= [ [ [ =
o [N N w ~

=
o
©

Average size of swelling (in mm)

before 24-th hour 48-th hour 72-nd hour
Time points

Diagram 9. Dynamics of the average values of the measured quantity
of swelling in D3 at second extraction

Table 12. Comparisons by pairs in the model at the second extraction in D3

Difference 959% CI of the difference
between Average value
arithmetic error | P Lower Upper
means limit limit
24t hour -5.000 0.596 0.000 -6.662 -3.338
Before 48t hour -4.974 0.752 0.000 -7.070 -2.878
7o0d hour -3.184 0.602 0.000 -4.863 -1.506
24t hour | 72"hour 1.816 0.487 0.004 0.458 3.174
48t hour | 72"hour 4974 0.752 0.000 2.878 7.070

IV. The mean values of the edema size in D4 reported in the sample (n =
38) differed statistically significantly between the 4 time points (F (2.43, 94.63)
= 40.42, p = 0.000). Post hoc tests using Bonferroni correction reported a
statistically significantly lower swelling in D4 at the first time point (before)
(89.42 + 1.24 mm (mean % error)) compared to all other time points - 24th, 48th
and 72nd hour (respectively, 97.79 £ 1.26 mm, p = 0.000; 98.24 £ 1.26 mm, p =
0.000; 95.95 £ 1.25 mm, p = 0.000). The edema in D4 at 48 hours after the
second extraction was statistically significantly (p = 0.000) greater than that
measured at 72 hours.
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Diagram 10. Dynamics of the average values of the measured quantity
of swelling in D4 at second extraction

Table 13. Comparisons by pairs in the model at the second extraction in D4

Difference 95% CI of the difference
between Average value
arithmetic error | P Lower Upper
means limit limit
24t hour -8.368 0.879 0.000 -10.819 -5.918
Before 48t hour -8.816 1.167 0.000 -12.068 -5.564
7o0dhour -6.526 1.198 0.000 -0.866 -3.187
48thour | 72"hour 2.289 0.427 0.000 1.100 3.479

V. The mean values of the edema size in D5 reported in the sample (n = 38)
differed statistically significantly between the 4 time points (F (2.29, 89.19) = 72.29,
p = 0.000). Post hoc tests using Bonferroni correction reported a statistically
significantly lower swelling in D5 at the first time point (before) (11.79 £ 1.25 mm
(mean % error)) compared to all other time points - 24th, 48th and 72nd hour
(respectively, 118.39 + 1.35 mm, p = 0.000; 119.29 = 1.22 mm, p = 0.000; 116.74 *
1.12 mm, p = 0.000). The edema in D5 at 48 hours after the second extraction was
statistically significantly (p = 0.000) higher than measured at 72 hours.
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Table 14. Comparisons by pairs in the model at the second extraction in D5

Difference 959% CI of the difference
between Average | e
arithmetic error | P Lower Upper
means limit limit
24T yac -5.605 0.618 0.000 -7.328 -3.882
Ipen 48™M yac -6.500 0.742 0.000 -8.568 -4.432
72PM yac -3.947 0.689 0.000 -5.869 -2.026
48™M yac | 72 yace 2.553 0.513 0.000 1.124 3.981
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Diagram 13. Comparative characteristics between the individual distances
(D1 - D5) at all times during the second surgical intervention

The performed statistical analysis did not establish a relationship (one-way
analysis of variance ANOVA) between the size of the edema as an independent
variable and the pain levels (estimated by the VAS scale) as a dependent variable at
any of the time points at the first extraction. In the second extraction it was proved
that in the 24th hour the magnitude of the edema in D1 affects the pain (F =2.53, p =
0.027), as it is valid for the magnitude of the edema in D5 and the reported pain, (F =
454, p=0.001).

The statistical analysis (non-parametric method with sign Mann-Withney rank
test) revealed the following relationships between the greater difficulty (7-10 points
according to Pederson) in the first surgical intervention and postoperative edema:
statistically significant relationship between the edema in D1 of 72nd hour and
difficulty (p = 0.028), (Diagram 14); association between edema in D4 at 24, 48 and
72 hours with difficulty (respectively p = 0.004; p = 0.05; p = 0.017), (Diagram 15,
Diagram 16, Diagram 17); relationship between postoperative edema in D5 at 48 and
72 hours and difficulty (respectively p = 0.014; p = 0.028), (Diagram 18, Diagram
19).

43



Independent-Samples Mann-Whitney U Test
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Diagram 14. Dependence between postoperative swelling in D1
at 72 o'clock and the difficulty of the first operative intervention

Independent-Samples Mann-Whitney U Test
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Diagram 15. Dependence between postoperative swelling in D4
at 24 o'clock and the difficulty of the first operative intervention



Independent-Samples Mann-Whitney U Test
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Diagram 16. Dependence between postoperative swelling in D4
at 48 o'clock and the difficulty of the first operative intervention

Independent-Samples Mann-Whitney U Test
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Diagram 17. Dependence between postoperative swelling in D4
at 72 o'clock and the difficulty of the first operative intervention



Independent-Samples Mann-Whitney U Test
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Diagram 18. Dependence between postoperative swelling in D5
at 48 o'clock and the difficulty of the first operative intervention

Independent-Samples Mann-Whitney U Test
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Diagram 19. Dependence between postoperative swelling in D5
at 72 o'clock and the difficulty of the first operative intervention

In the second surgical intervention (non-parametric method with sign
Mann-Withney rank test) a statistical relationship was found between postoperative
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edema in D4 at 72 hours and greater difficulty (7-10 points according to Pederson), (p
=0.012), (Diagram 20)

Independent-Samples Mann-Whitney U Test
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Diagram 20. Dependence between postoperative edema in D4 at 72 o'clock and the
difficulty of a second operative intervention

Weak to moderate positive significant correlations (Spearman correlation
coefficient) were demonstrated between procalcitonin levels and the magnitude of
edema in D2 (p = 0.33, p=0.045), D3 (p =0.43, p =0.007) and D4 (p = 0.45). ,p =
0.005) at the second extraction.

At the first extraction, the duration of the operation was significant in relation
to the CGRP values measured after the intervention (F = 3.80, p = 0.003). It is
noteworthy that 62.5% (n = 25) of patients (n = 40) had zero CGRP levels, and 0.5%
(n = 2) had 0.002 and 0.003 CGRP, respectively, while the remaining 13 had an
increase in of CGRP up to 37 minutes of the intervention, with the highest value
(8.61 pg / ml) being reported in an operation performed for 17 minutes.

Table 15. CGRP values at first surgery

CGRP
Duration
0.010{0.095(0.344|0.490|0.540|0.910|1.350|2.618|2.650{3.400|4.170{6.620|8.610
15 X X
16 X
17 X
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18" X

20°

22°

23 X

25 X X X

28" X

30°

33 X X

35

36°

37 X

In the nonparametric analysis (Spearman correlation coefficient) we found a

significant, moderate, positive correlation between the values of CGRP reported
before the first surgery and anxiety (rxy = 0.394, p = 0.012). No such dependence
was reported for the second surgical procedure.

Conclusions:

1.

Postoperative swelling, after surgical removal of impacted third mandibular
molars, is most pronounced in the 24th and 48th postoperative hours

No correlation was found between the intensity of postoperative pain and the
size of postoperative swelling

An association was established between the difficulty of the operative
intervention and the size of the postoperative swelling in distances D1, D4 and
D5

There are no data on the development of a general inflammatory process in the
body after surgical removal of third mandibular molars

The availability of previous experience in surgical intervention to remove an
impacted third mandibular molar leads to a reduction in anxiety and no change
in CGRP values.
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3. Rezults under task 3

Task 3: To examine the serum levels of neurotransmitters and inflammatory
pain mediators - Procalcitonin and CGRP (calcitonin-gene related peptide), and their
response to the drugs administered.

Rezults:

In the nonparametric analysis (Spearman'’s correlation coefficient) we found a
significant, moderate, negative correlation between the administered drugs and the
pain in the 3rd postoperative hour after the second surgical intervention (rxy = -0.381,
p = 0.018). No such dependence was found for the other reported postoperative hours
in both manipulations.

We performed a two-step (2 blocks) hierarchical multiple regression with the
CGRP values reported after the second intervention as a dependent variable:

* Block 1 - in this block we have included the predictor that we expect to predict
CGRP - the type of drug.

In the next block, we included the explanatory variable (stepwise method of
inclusion), which we do not necessarily expect to affect CGRP, as follows:

* Block 2 - CGRP, reported after the first intervention

In the first step, the application of hierarchical multiple regression revealed that
when measuring CGRP after the second intervention, the type of drug did not
contribute significantly to the regression model F (1, 36) = 0.03, p = 0.866, with a
coefficient of determination of only 0.001. In the second step, the introduction of the
variable CGRP reported after the first intervention represents an additional 25% of
the variation, and this change in R2 is significant, F (2, 35) = 5.76, p = 0.007. The
regression coefficient in the second step b0 = 0.20 (the free term in the regression
equation), denoted as a constant, is not statistically significant (t = 0.75, p = 0.459).
The regression coefficient before the factor variable drug bl = 0.05 was also not
statistically significant (t = 0.40, p = 0.690), while the one before the factor variable
CGRP after the first intervention b2 = 0.25 was (t = 3.39, p = 0.002)

The results after studying the serum levels of CGRP are presented in Diagram 21.

A repeated measures ANOVA with a Greenhouse-Geisser correction did not
prove that mean CGRP levels differed statistically significantly between time points —
neither between all four points for each operation (F(2.12, 67.877) = 0.57, p=0.576),
nor between the pairwise comparisons.
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Diagram 21. Mean CGRP levels + standard error
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A repeated measures ANOVA with a Greenhouse-Geisser correction
determined that mean VAS scores, collected at first extraction, differed statistically
significantly between five time points (F(2.063, 80.447)=21.032, p=0.000). Post hoc
tests using the Bonferroni correction revealed that there is statistically significant
difference between VAS score measured in 6™ hour and all other time points. We can
conclude that the pain after extraction, reported by patients, is statistically significant
more severe than the pain score given at any other of the time points. A repeated
measures ANOVA with a Greenhouse-Geisser correction determined that mean VAS
scores, collected at second extraction, differed statistically significantly between five
time points (F(2.034, 75.240)=21.032, p=0.001). Post hoc tests using the Bonferroni
correction revealed that there is statistically significant difference between VAS score
measured in 6th hour and all other time points, except at 3" hour. We can conclude
that the pain at 6 hour after both extractions, reported by patients, is statistically
significant more severe than the pain scores given for any of the other time points.
Additionally, even though the VAS scores given after second extraction are lower
comparing to the first, we prove statistically significant difference only between the
scores at 6™ hour (t=2.86, p=0.007).

We proved significant moderate positive association between CGRP scores at first
surgery second measurement and second surgery second measurement (ryy=0.49,
p=0.002). | addition there was a significant moderate positive association between
VAS scores at 24™ hour given after the first and the second extraction (r«,=0.55,
p=0.000).
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We proved significant moderate positive association between CGRP and pulse levels
measured before the second surgery (rxy=0.37, p=0.021).

Conclusion:

1. The results of our study suggest a significant role of CGRP in reactive
(neurogenic) inflammation.

2. When performing an operative intervention to remove impacted third
mandibular molars, there is a local inflammatory reaction and a mild or
insignificant systemic inflammatory response.

3. Rezults under task 4

Task 4: To study the influence of anxiety on the intensity of postoperative pain and
on the physiological parameters — blood pressure, pulse rate and saturation in young
adults

Rezults:

For the first procedure, the means of pain intensity reported in the sample (n =
40) differ statistically significant between the 5 different time points (F(2.06,
10307.39) = 14.08, p = 0.000). At hour 6 the pain intensity (49.49+4.17 mm)
(meanzerror)) is statistically significantly higher vs. all other time points - hour 3, 24,
48, 72 (32.55+4.64 mm, p = 0.002, 29.09+4.47 mm, p = 0.000, 25.50+4.27 mm, p =
0.000, 18.61+3.80 mm, p = 0.000, respectively). No correlation was found between
the intensity of postoperative pain after the first procedure and the state of anxiety
before the procedure. For the second surgical procedure, the means of pain intensity
reported in the sample (n = 38) showed statistically significant differences between
the 5 different time points (F(2.03, 5240.53) = 8.27, p = 0.001) with higher pain
intensity at hour 6 (39.57+£4.94 mm) (meanzerror)) vs. all other time points - hour 24,
48, 72 (23.28+4.37 mm, p = 0.011, 21.25+4.18 mm, p = 0.004, 18.45£3.93 mm, p =
0.001, respectively). In the second procedure, we found a significant moderate
positive correlation between preoperative anxiety and postoperative pain at 6, 24, 48
hours in females (r = 0.56, r = 0.41 and r = 0.45, p < 0.05, respectively), but not in
males.
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Diagram 22. Dynamics of the mean pain intensity measured by VAS after the first and

the second extractions

Comparing the mean pain intensities (paired t-test, p = 0.007, n = 38) measured
at hour 6 after the first and the second surgical procedure we found a statistically
significant difference. The intensity was significantly lower after the second
intervention (39.57+4.94 mm) compared to the first one (48.67£4.27 mm).

The assessment of anxiety in both sexes showed that the mean scores did not
exceed the means obtained in the Bulgarian normative sample, matched by age and
educational level.With regard to anxiety, in males (Xm before the first surgical
procedure 34.42+7.53; Xm before the second surgical procedure 30.00£6.03), and in
females (Xm before the first surgical procedure 37.64+11.65; Xm before the second
surgical procedure 34.43+11.76, respectively), there was a clear trend to a decrease in
the total score for anxiety as a state before the second procedure, which is statistically
significant in both sexes (paired t-test, t = 2.13, p = 0.059, in males and t =1.14, p =
0.263 in females).

Riva-Rocci blood pressure measurements were performed before and after the
surgery. In the first procedure, non-uniform distribution by systolic and diastolic
blood pressure measured before the procedure, normal distribution by systolic blood
pressure and non-uniform distribution by diastolic blood pressure were reported. The

results of the measurements of systolic and diastolic blood pressure are presented in
Table 16.
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First procedure Second procedure
Mean SD Mean SD

p-value

Systolic BP before the
procedure (mmHgQ)

Diastolic BP before the
procedure (mmHgQ)

Systolic BP after the
procedure (mmHgQ)

Diastolic BP after the
procedure (mmHg)

Table 16. Mean blood pressure in the first and second surgical procedure

118.82 12.33 115.00 11.68 | p=0.016

75.97 9.13 75.92 8.69 p=0.972

110.53 13.19 109.08 14.14 | p=0.485

72.58 8.53 72.89 9.98 p=0.838

The parameter oxygen saturation was measured using a pulse oximeter before
the beginning of the surgical procedure, immediately after the extraction of the tooth
from its socket, and after the end of the surgical procedure. With regard to this
parameter, uniform distribution was not observed in any of the above measurements
in both surgical procedures. The means of all measurements, which are presented in
Table 17, are identical, without statistically significant differences.

First procedure | Second procedure
Mean SD Mean SD

p-value

Saturation before
the procedure

Saturation after
tooth extraction

Saturation after the
procedure

Table 17. Mean oxygen saturation in the first and second surgical procedure

97.13 3.68 98.16 1.03 p=0.124

98.11 1.20 98.00 1.16 p=0.639

96.92 2.61 97.63 1.79 p =0.107

The parameter heart rate, like oxygen saturation, was measured using a pulse
oximeter before the beginning of the surgical procedure, immediately after the
extraction of the tooth from its socket, and after the end of the surgical procedure.
The distribution of this parameter was uniform in all measurements. (Table 18)

First procedure | Second procedure
Mean SD Mean SD

p-value

Heart rate before the
procedure (beats/min)

Heart rate after tooth
extraction (beats/min)

Heart rate after the
procedure (beats/min)

Table 18. Mean heart rate in the first and second surgical procedure

93.03 | 17.79 | 9463 | 16.57 | p=0.633

88.00 | 15,52 | 83.05 | 13.60 | p=0.041

87.11 | 11.04 | 83.58 | 12.74 | p=0.109
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The results which show the distribution of the studied parameters in both sexes
are presented in Diagrams 23, 24 and 25. They clearly demonstrate that the mean
heart rate in females was higher than in males, except for the heart rate reported after
the first surgical procedure, where the mean was higher in males.
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e _
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Fig. 23. Comparative characteristics of the mean heart rate in males and females
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Fig. 24. Comparative characteristics of oxygen saturation in females and males
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Gender

M female
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After 1st surgical procedure

Time point

Before 2nd surgical procedure

I
- 1
After 2nd sergical procedure -
£0.00 70.00 80.00 20.00 100.00 110.00 120.00

Blood Pressure

Fig. 25. Comparative characteristics of mean blood pressure in males and females

The results of blood pressure measurements show that the mean values at all
time points were higher in males than in females.

Conclusion:

1. Preoperative anxiety leads to an increase in the intensity of postoperative pain
2. Patient awareness before surgery leads to a reduction in anxiety and pain
intensity

3. Anxiety accompanying surgery to extract impacted third mandibular molars
leads to a change in physiological cardiac parameters
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IV. CONCLUSIONS

Postoperative pain after surgical removal of impacted third mandibular molars
has the highest intensity at the 6th postoperative hour and has a significantly
lower intensity after the second, compared to the first surgical intervention.

The difficulty of the surgical intervention is the factor that most strongly affects
the postoperative pain

A local inflammatory reaction, most pronounced in the 24th and 48th
postoperative hours, and a mild or insignificant systemic inflammatory response
were found.

There is no association between the intensity of postoperative pain and the
administered drug after surgical removal of impacted third mandibular molars

Preemptive analgesia reduces pain in the early postoperative period.

Preoperative anxiety leads to an increase in the intensity of postoperative pain
and to a change in physiological cardiac parameters.

Familiarizing the patient with the nature of surgical manipulation leads to a
reduction in anxiety and the intensity of postoperative pain.

The presence of previous experience in surgical intervention to remove an
impacted third mandibular molar leads to a reduction in anxiety and no change
in CGRP values.
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V. CONTRIBUTIONS

Theoretical contributions:

1.

For the first time in Bulgaria fMRI is applied in order to objectify the
postoperative pain in Oral Surgery

For the first time in Bulgaria the serum levels of CGRP and Procalcitonin are
examined on the occasion of operative interventions in Oral surgery.

The change in physiological cardiac parameters due to anxiety accompanying
surgical interventions in Oral Surgery is examined

It has been proven that patients' awareness before surgical interventions in Oral
Surgery leads to a reduction in anxiety and easier toleration of surgical
manipulation.

Scientific and applied contributions:

1.

The intensity of postoperative pain is found to be strongest at the 6th
postoperative hour

Difficulty is defined as a leading factor that affects the intensity of postoperative
pain.

It was confirmed that postoperative administration of anti-inflammatory drugs is
necessary in order to control the inflammatory component of postoperative pain
The need for pre-operative analgesia to treat postoperative pain in the early
postoperative period was confirmed.

The reduction of anxiety after thorough acquaintance of the patient with the
forthcoming procedure determines the weaker feeling of postoperative pain after
surgical removal of affected third mandibular molars.
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JOJTHOYENIOCTHU MoJiapu. JIlHM Ha MeaulMHCKaTa Hayka. IIpoekTHa cecus.
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