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Abstract: The beneficial effect of autologous blood products in the post-extraction period has been
proven regarding acceleration of soft tissue healing, pain reduction, swelling and trismus, but data
concerning bone healing are contradictory. The objective of this study was to evaluate the effect
of L-PRF on bone tissue healing after third mandibular molar extraction. Extractions of bilateral,
symmetrical, impacted mandibular molars were performed in 30 patients, in a prospective split-
mouth, randomized, double-blind clinical trial. L-PRF was applied to one alveolus, while the
other alveolus was left to heal spontaneously. A sample of 60 extraction alveoli (the control and
experimental groups, with 30 alveoli each) was analyzed. Two CBCT images were performed
immediately after the surgery and eight weeks postoperatively to reconstruct the healing site and
analyze the volume of the extraction defect and bone density. The depth of the periodontal pocket
on the adjacent tooth was clinically measured 7 days and 8 weeks after extraction. The results show
that the minimum and maximum values of the monitored parameters in the alveoli in both the
control and experimental groups are within the expected range. Based on p = 0.826 (MANOVA; for
I measurement) and p = 0.499 (MANOVA,; for II measurement), it was concluded that no significant
difference and clearly defined boundary between the groups were observed. Considering that p > 0.1
(VOL, bone density, periodontal pocket) is for both I and II measurement, no significant difference was
observed between the groups regarding the wound volume, bone density and periodontal pocket.

Keywords: tooth extraction; wound healing; third molar; platelet-rich fibrin; cone- beam computed
tomography; bone regeneration non MeSH; growth factors

1. Introduction

Despite the evident progress of science and technology and the development of
numerous preventive and therapeutic dental procedures aimed at preserving the tooth,
its extraction is often unavoidable. In modern dental medicine, the healing process of an
extraction wound is still a current topic of research and scientific discussion [1]. Many
events in the extraction alveolus have been documented for a long time, but there are
still clinical studies dealing with this topic [2,3]. Only if we fully understand the events
occurring in soft and hard tissues after exodontia will we be able to prevent and/or direct
them to enable the subsequent easier aesthetic and functional rehabilitation of patients.

More recently, studies have used CBCT images to visualize the state of the bone after
tooth extraction [4-8]. In recent years, CBCT has become a routinely used diagnostic
tool in oral surgery and implantology, but also in other areas of dental medicine. New
technologies enable very precise 3D visualization, using a small field of view (FOV), good
image quality and low radiation dose [9]. For this reason, the use of CBCT images enables
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the visualization of high-contrast structures of the oral region (bone, teeth, air cavities) with
high resolution and less radiation than with other three-dimensional radiographic methods
(CT) [5-7].

Extractions of the mandibular third molar are among the most common interventions
that oral and maxillofacial surgeons encounter in their daily work. Surgical extraction of
the mandibular third molar is associated with postoperative effects that greatly affect the
patient’s quality of life, such as pain, trismus, oedema, infection, alveolitis and periodontal
pockets on the second permanent molar [10,11]. Evidence has shown an increased incidence
of periodontal breakdown or other dental morbidities on the adjacent second molars when
third molars were present or impacted; the prevalence rises as the patient ages [12].

Atrophy of the alveolar ridge after extraction of all teeth has been a well-known
physiological phenomenon for a long time [10,13,14]. It has been shown in the literature
that these changes can result in the loss of residual ridge dimensions of 40-60% of its height
and width [15,16] and reduction of the width of keratinized gingiva, as well as a reduction
in the thickness of soft tissues [17]. Resorption of the alveolar ridge is the highest in the first
year, especially in the first three months. About 60% of ridge dimensions are reduced in the
first 2-3 years after extraction, and then this resorption continues at a rate of 0.25-0.5% per
year and lasts for life [18,19]. Bone loss is affected by many factors, such as the patient’s
age, jaw region, systemic diseases and local pathology within the bone.

The phenomenon of residual alveolar ridge atrophy is a progressive and irreversible
process. Aiming to reduce the loss of alveolar bone after tooth extraction, several tech-
niques for its preservation have been proposed [20-22], such as minimally invasive tooth
extraction; immediate alveolar grafting with different artificial materials, animal, cadav-
erous or with autologous bone; GBR (“guided bone regeneration”) techniques [23]; the
use of various preparations that have a stimulating effect on bone, such as “enamel matrix
derivatives”; recombinant growth and differentiation factors; autologous preparations of
platelet concentrates; stem cells [24]; and techniques of primary alveolar closure with the
help of various artificial materials or soft tissue grafts [2].

None of these methods has given the desired results; they are often very expensive
and technically complicated, and so it is not surprising that there is a need to find simpler
and more efficient solutions.

Many preparations of platelet concentrates are currently used in many medical fields,
especially in oral and maxillofacial surgery [25,26], plastic surgery, orthopedics and sports
medicine [27]. The basic idea that unites this extremely heterogeneous group of prepara-
tions is that by centrifuging the blood, all the elements that will promote the healing and
tissue regeneration process are extracted, especially platelets (as a source of growth factors),
fibrin (as a matrix), and in some cases, leukocytes [28]. Oral implantology, maxillofacial
reconstruction, orthodontic therapy and regenerative periodontal procedures are all directly
dependent on the success of the bone regeneration process [29]. Many studies have demon-
strated the effectiveness of growth factors in promoting cell proliferation, differentiation,
chemotaxis and extracellular matrix synthesis during tissue healing [30].

Autologous blood products are classified into four basic categories, based on cellular
content and fibrin-fiber architecture, namely, pure platelet-rich plasma (P-PRP), leukocyte
and platelet-rich plasma (L-PRP), pure platelet-rich fibrin (P-PRF) and leukocyte and
platelet rich fibrin (L-PRF) [31]. To prepare these PRF products, blood is collected in
test tubes without anticoagulants and immediately centrifuged. Unlike PRP, PRF does
not degrade rapidly after application; on the contrary, its strong fibrin matrix is easily
remodeled, like a natural blood clot. The number of platelets and leukocytes in these
preparations is high, and it is important to note that they remain preserved during the
procedure of preparing the product. Platelets are activated during the preparation process,
which leads to a significant release of growth factors from them and from leukocytes. Its
composition allows for the slow and continuous release of many growth factors (PDGF,
TGE, VEGEF, IGF) over a period of 7-14 days [32-34].
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The fibrin L-PRF clot is often described as an “optimized” blood clot. L-PRF prepara-
tions are the right answer to the requirements of oral and maxillofacial surgery, because
they are easily combined with the largest number of surgical techniques (as an augmen-
tation material, as a combination with another material or as a protective membrane for
healing) [35-38].

Blood preparations containing concentrated growth factors are widely used today,
with the aim of shortening the interval between tooth extraction and implantation [39] and
bone augmentation in the maxillary sinus [40], as well as improving the success of implant
therapy. The beneficial effect of these preparations in the post-extraction period is evident
in terms of accelerated healing of soft tissues; reduction of pain, swelling and trismus; and
stimulating formation of bone tissue [41-43].

Based on the assumption that the reduction of G-force will lead to an increase in
the number of leukocytes in the PRF matrix, new protocols have been developed for the
preparation of advanced platelet-rich fibrin (A-PRF and A-PRF+), injectable platelet-rich
fibrin (i-PRF) and concentrated platelet-rich fibrin (C-PRF), products that have also found
their clinical application [33,44,45]. All these preparations, because of different preparation
protocols, have different characteristics.

There is a lot of contradictory information in the literature about the effectiveness
of different autologous platelet preparations regarding healing of soft and bone tissues
after tooth extraction, which necessitates the need to conduct controlled clinical studies.
There is evidence that the application of the autologous blood preparations can, to a certain
extent, improve the tissue healing process and reduce the unwanted side effects of surgical
intervention after the extraction of the mandibular third molar [46-51].

Since surgical extraction of the third mandibular molar is the most frequent interven-
tion done by oral and maxillofacial surgeons, complications and sequelae of this interven-
tion often represent a great clinical problem. L-PRF is simple to produce and apply; it
is an autologous product, so the danger of adverse reactions and transmitting diseases
is eliminated. It is a reservoir of growth factors, so many clinicians use it to minimize
postoperative complications. Beneficial effects of these products are well documented in
the literature regarding soft tissue healing, pain, swelling and trismus, but it is still unclear
if they have a positive effect on bone tissue healing [46-51].

The main objective of this clinical study was to determine whether the application of
L-PREF after the extraction of the third mandibular molar promotes bone healing, in terms of
the new bone formation’s quantity and density. The depth of the distal periodontal pocket
of the second mandibular molar was also measured.

2. Materials and Methods

The research has been conducted as a prospective randomized, double-blind, split-
mouth study. The study was fully conducted at the Dentistry Clinic of Vojvodina in Novi
Sad, in the Department of Oral Surgery; this clinic is the teaching base of the Faculty of
Medicine of the University of Novi Sad. The methodology of this study was developed in
accordance with the Declaration of Helsinki regarding medical and ethical protocols. The
Ethics Committee of the Dentistry Clinic of Vojvodina, within which the study was carried
out, as well as the Ethics Commission of the Faculty of Medicine of the University of Novi
Sad, gave their consent for the study to be conducted. Participants were recruited starting
from January 2016 to June 2018. A multidisciplinary team was involved in this study, and
it consisted of both engineers and medical staff, in order to perform all necessary analyses
and work that was involved in this research.

The research methodology is shown in Figure 1. In the first step, patients were selected
and randomized. After that, the preparation of leukocyte- and platelet-rich fibrin (L-
PRF) was performed, followed by tooth extraction surgery. Surgical extraction of both
mandibular molars was performed simultaneously. One extraction alveolus was assigned
to the control group (nothing applied), while the extraction alveolus on the opposite side
was assigned to the experimental group (L-PRF application). After the surgical procedure,
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patients received instructions for the postoperative period and control check-ups. Two
CBCT images were made, immediately after surgery and eight weeks postoperatively, with
the objective of collecting data and reconstructing a 3D model of those regions. Periodontal
probing at the distal of the second permanent mandibular molar was measured twice,
7 days and 8 weeks postoperatively. Evaluators did not have access to information about
which alveolus was assigned to the control or to the experimental group. In accordance
with the obtained data, statistical analysis and data processing was performed.

POSTOPERATIVE FLOW
AND CONTROL CHECKUPS

15T CONTROL
CHECKUP —
‘ NO INTERVENTION ‘ 37 CONTROL
CHECKUP

STATISTICAL ANALYSIS

‘ VOLUME ‘ CBCT PROCESSING
) AND
RESULTS ‘ BONE DENSITY ‘ < RECONSTRUCTION
OF 3D MODELS

‘ PERIODONTAL ‘

SURGICAL PROCEDURE

APPLICATION OF
PREPARATION L-PRF
OF L-PRF

h 4

A
A

POCKET

Figure 1. Methodology workflow.

2.1. Patient Selection and Randomization

The study included 30 patients over the age of 18 who required surgical extraction
of both impacted mandibular third molars. Inclusion criteria were the indication for
bilateral third mandibular molar extraction, impacted mandibular third molars and bilateral
similarity between the third molar positions according to Winter’s classification. Non-
inclusion/exclusion criteria were acute pericoronitis in the region of the third mandibular
molar, acute infection in the oral cavity, systemic diseases, the use of drugs that may affect
wound healing (such as corticosteroids, immunosuppressive agents, chemotherapeutics),
pregnancy and lactation, smoking, postoperative infection and dry socket. The present
research was a prospective study with strict inclusion and exclusion criteria. The sample
size for this study was determined according to [52].

The indication for tooth extraction was established after taking a medical history,
clinical examination and analysis of the OPT image of the patients. After establishing
the indication for bilateral third mandibular molar tooth extraction and an informative
interview, the participants signed an informed consent form for enrolling in the study.
Enrolment of the patients and randomization of the alveoli was performed by a single
doctor, who did not perform surgery and postoperative measurements.

Randomization was carried out by coin flipping. It was determined that the first
patient included in the study would have the preparation of L-PRF applied to the alveolus
of the right lower third molar; the next patient enrolled had the preparation of L-PRF
applied to the alveolus of the left lower third molar, and this pattern was used throughout
the research. L-PRF was alternately placed in the region of alveolus 38 or 48, as participants
were included in the study. Both the dentist who performed the periodontal pocket
measurement and the researcher who analyzed CBCT scans were blind regarding the site
of the L-PRF application.

The control group in the study consisted of 30 dental alveoli in which the preparation
of L-PRF was not applied, while the experimental group included 30 alveoli in which the
preparation of L-PRF was applied after tooth extraction.

2.2. Preparation of Leukocyte- and Platelet-Rich Fibrin

The preparation of the L-PRF was performed by taking venous blood from the patient
in sterile conditions in 2 test tubes without added anticoagulant, with a volume of 10 cm?,
immediately before the surgical intervention of tooth extraction. After that, the test tubes
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were immediately placed in a centrifuge, where they were centrifuged according to the
protocol at 2700 rpm (approximately 400 g) for 12 min.

After the end of the centrifugation cycle, the test tubes were taken out of the rack.
The produced product consists of three layers: acellular plasma at the top, fibrin cloth as
the middle layer and red blood cells as the base layer. L-PRF clots were collected from
the tubes, separated from the red blood cells layer and placed in sterile glass containers
(Figure 2).

Figure 2. L-PRF taken out of the test tube and placed inside a sterile glass container.

2.3. Surgical Procedure

This phase was performed according to the same protocol for all patients. Patients
rinsed their mouth preoperatively with 15 mL of 0.12% chlorhexidine gluconate solution
(Curasept ADS212®, CURADEN AG, Kriens, Switzerland), and the skin around the mouth
was cleaned with Octanisept solution (Octanisept, Schiilke&Mayr GmbH, Norderstedt, Ger-
many). A sterile surgical drape, with an aperture for the nose and mouth, was placed over
the face. This way, the risk of surgical site infection was reduced, and patient blinding was
obtained (the patient should not know which alveolus L-PRF was applied, according to the
study design, until the end of the trial). Local inferior alveolar nerve block anesthesia was
obtained with 2% lidocaine with 1:100,000 adrenaline (Lidocaine 2%-adrenaline, Galenika
AD, Belgrade, Serbia). Figure 3a shows the site of the surgical intervention. A modified
Ward'’s incision has been made, followed by a reflecting mucoperiosteal flap. Removal
of the alveolar bone around the tooth was carried out to the necessary extent, as well as
eventual separation of the tooth with a rotating burr, with continuous irrigation with saline
solution. After the extraction of the tooth, all remaining fragments of bone, tooth and soft
tissue debris were removed with a curette, and the edges of the alveolus were smoothed.
The alveolus was rinsed with saline solution, and, in the case of the control group, the
mucoperiosteal flap was repositioned and sutured with single sutures with 3-0 silk.

In the alveoli of the experimental group, before suturing, two L-PRF plugs were
applied after irrigation of the alveoli (Figure 3b). After the flap was repositioned, suturing
was performed in the same way as in the control group (Figure 3c).

All surgical procedures were performed by a single surgeon.
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(b)

Figure 3. Surgical procedure in the experimental group (a) surgical procedure site; (b) application

of two preparations of concentrated growth factors after irrigation of the alveolus; (c) suturing of
the wound.

2.4. Postoperative Period and Control Check-Ups of Patients

After the surgical procedure, the patients were given written instructions on the behav-
ior in the postoperative period (hygienic and dietary regime and antibiotics prescription).
The design of the study provided for the following scheme of antibiotics: Amoxicillin
500 mg per os, every 8 h for 7 days, and in the case of a penicillin allergy, the prescription
of Hemomycin 500 mg, every 24 h for 3 days, was planned. However, since none of the
subjects who were included in the study had a penicillin allergy, all patients were given
Amoxicillin after extraction.

Patients were scheduled for a control check-up 7 days after the surgical procedure. At
the control check-up, the sutures were removed, and a clinical examination of the wound
was performed. The depth of the periodontal pocket on the distal surface of the second
molar was measured in three positions, namely, on the distobuccal edge, in the middle of
the distal surface and on the distolingual edge of the distal surface of the tooth. A control
clinical check-up, during which the depth of the periodontal pocket was measured again in
the same way, was also scheduled 8 weeks after the tooth extraction.

The control check-up and measurement of the depth of the periodontal pocket was
performed by a doctor who did not operate on any of the patients involved in this study
and did not have information on which alveolus L-PRF was placed.

Two CBCT image datasets were obtained, the first image immediately after tooth ex-
traction, and the second CBCT imaging was made eight weeks after the surgical procedure.
In order to ensure the data quality and reliability of the presented study, all follow-up
CBCT imaging was performed on the same CBCT scanner, using the same parameters, and
by the same operator. CBCT imaging was performed on a Cranex 3D system (Soredex,
Finland), with the following acquisition parameters: field of view (FOV)—60 x 40 mm,
voxel size—0.2 mm?3, focal point—0.15 x 0.5 mm and image resolution—200 x 200 pix.

2.5. Analysis and Processing of Data from CBCT Images

After the imaging and collection of CBCT images from both control check-ups, the
reconstruction of surface 3D cavity models at the site of the third molar was performed. All
CBCT processing and reconstruction of 3D models was performed by the same person in
order to ensure the data quality and reliability of the presented study. The goal of this step
was to collect data on the volume of the alveolar cavity that remained after tooth extraction
and the density of bone tissue. These are the parameters on which the evaluation of the
healing process of bone tissue after the surgical procedure were based. In order to approach
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the determination of the volume of the cavity, it was necessary to first isolate the zone
where the tooth was extracted. For this step, the software 3D-DOCTOR (Able Software
Corp) was used. In order to monitor the bone tissue healing process and to measure the
density of newly formed bone inside the cavities, we used the software OnDemand3D
(CYBERMED INC.), which includes a module for placing implants, and it was also used
to check the newly formed bone density. Implants of certain dimensions and shapes were
defined, i.e., (Figure 4a) 10 x 15 mm, (Figure 4b) 5 x 6 mm and (Figure 4c) 9 x 7 mm; their
size depended on the size of the cavity. They were then placed inside the cavity in order to
perform bone density measurements.

23 O

(a) (b) (©)

Figure 4. Implant shapes used in OnDemand3D software for bone density measurements:
(a) 10 x 15mm, (b) 5 x 6 mm and (c¢) 9 X 7 mm.

2.6. Statistical Analysis

A statistical analysis was performed for the obtained measurement results. A sample
of 60 dental alveoli was analyzed and divided into 2 groups, namely, the control group
and the experimental group, with 30 dental alveoli in each group. Descriptive parameters,
mean value, standard deviation, minimum and maximum values, coefficient of variation,
confidence interval, measures of asymmetry, measures of externality and MANOVA were
used in the statistical analysis.

3. Results

Thirty-two patients were selected to participate in the present study; two patients did
not return at the proposed time for the CBCT exam. In total, 30 patients (15 males and
15 females) were included in the final analysis. The participants ranged in age from 18 to
40 years (mean 23.33 years old). Overall, 4 patients had bilaterally impacted mandibular
third molars in the vertical position, 7 in the horizontal, 16 in the mesioangular position and
3 in the distoangular position. All extractions included an osteotomy, and the operating
time ranged from 25 to 65 min (mean 44.53 min) in the control group and from 27 to 65 min
(mean 42.87 min) in the experimental group.

3.1. Reconstruction of Surface 3D Models of Cavites Based on CBCT Data

For the segmentation of CBCT images, two parameters were defined, namely, the
minimum and maximum pixel intensity. Since the algorithm within the 3D-DOCTOR
software is based on the Otsu thresholding method for segmentation, defining these
two parameters defines the range of pixel intensity on the resulting CBCT images for
segmentation (Figure 5a). This way, all images were segmented in their entirety, and after,
those unnecessary data were removed in order to isolate the area where the tooth was
extracted. As a result, a polygonal 3D model of the jaw was obtained (Figure 5b).
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(b)
Figure 5. (a) Segmentation on the CBCT image and (b) reconstructed surface 3D model of the jaw.

3.2. Extraction of Surface 3D Cavity Model

In order to properly perform segmentation of the interior of the cavity and reconstruct
its surface 3D model, it was necessary to increase the segmentation parameters in order to
successfully segment all bone structure around the alveolar cavity of the extracted tooth.
After this, surface 3D models of the jaw were reconstructed (Figure 6a), and any additional
noise was subsequently removed. The cavity of the alveolus of the extracted tooth was
then isolated (Figure 6b).

(b)

Figure 6. Extracted volume of alveolar cavity (a) before mesh processing and (b) after mesh processing

where the cavity of the alveolus of the extracted tooth is isolated.

In order to reconstruct a completely enclosed surface 3D model in order to measure
its volume, it was necessary to close the top of the extracted cavity. Since that upper edge
has an irregular geometry, the flat fill method was used. This method is based on closing
the openings by using the least number of polygons in the 3D mesh model. In this way,
when closing the holes, their influence on the change in the shape of the upper surface is
eliminated, and therefore, their influence on the increase of the total volume of the cavity is
also eliminated. Figure 7a,b show the reconstructed polygonal 3D models from the first
and second CBCT imaging, based on which the differences in their size and shape can be
observed. The volumes of the samples from both the control and experimental groups were
then measured.

The difference in the size and shape of the cavity of the observed alveolus during the
8 weeks of the healing process was also visible when 2 surface 3D models of the first and



Appl. Sci. 2023,13, 4823

90f17

second measurement were overlapped (Figure 7c). This overlap was performed manually
due to the size and shape difference between the first and second CBCT imaging.

(b)

Figure 7. Surface 3D models of reconstructed cavities (a) after the first CBCT imaging and (b) after

the second CBCT imaging and (c) overlap of surface 3D models of the first (bluish transparent color)
and second CBCT measurement (green color) of the same patient.

3.3. Measurement of Bone Density in Cavities

In OnDemand3D software, it was necessary to position the selected implant in the
place where the bone density needed to be measured (Figure 8). On the left side, the 2D
image shows the placement of the implant, and in the right image, the overall position of
the implant inside the socket can be seen. For the purposes of this research, the parameter of
the mean value of the bone density inside the implant was used. In this way, the dimensions
of the implant, within which the bone density was measured, were dictated by the size of
the cavity.

Figure 8. Implant positioning and bone density measurement in OnDemand3D software.

In addition to this, standard deviation of the bone density within the implant was also
measured. These data were indicators for the correct positioning of the implant inside the
cavity, because if the value of the standard deviation starts to rise sharply while positioning
the implant, it is an indicator that the implant overlaps with the surrounding denser
bone tissue next to the newly formed tissue, which requires its further positioning. This
transformation is also displayed visually within the software itself, where the bone density
on the implant is displayed with a certain range of colors. It can be seen that the colors
range from blue to red, presenting the different densities of bone inside those implants
(Figure 9).
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Figure 9. Bone density measurements inside the cavity using a defined implant.

This measurement procedure for bone density was performed for each patient indi-
vidually, for a total of 60 dental alveoli for the control group and the experimental group
(30 dental alveoli in each group).

Table 1 shows, in the example of one patient, the results of measurements of the left
and right sides of bone density, cavity volume and depth of the periodontal pocket in the
first and second measurements.

Table 1. Measurement results for bone density and volume of both left and right cavity for patient no. 1.

Bone Density Volume Periodontal Pocket
(HU) (mm?®) (mm)
Left Right Left Right Left Right
I Measurement —297.76 —163.36 408.49 397.92 6.34 6.23
IT Measurement 130.57 58.25 319.44 346.33 6.72 6.69

3.4. Statistical Analysis

For statistical analysis, the monitored parameters in the extraction alveoli were ana-
lyzed in I measurement by groups. The analysis was conducted on 3 parameters, namely,
wound volume, bone density and periodontal pocket, on a sample of 60 extraction alveoli,
which make up the control and experimental groups, with 30 alveoli in each.

3.4.1. Analysis of Parameters in the I Measurement

The results of I measurement for both the control and experimental groups are shown
in Table 2.

The minimum (min) and maximum (max) values of the monitored parameters in I
measurement in the alveoli of the control group indicate that the values are within the ex-
pected range. Higher values of the coefficient of variation (c.var) indicate the heterogeneity
of the control group in terms of wound volume (I), bone density (I) and periodontal pocket
(I). Increased values of Skewness (sk) indicate that the distribution is negatively asymmetric.
This means that the curve of the distribution of the results tends towards higher values,
or that there are more higher values compared to the normal distribution, in the case of
periodontal pocket (I). Reduced values of Skewness (sk) indicate that the distribution is
positively asymmetric. This means that the distribution curve of the results tends towards
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lower values, or that there are more lower values compared to the normal distribution,
for wound volume (I) and bone density (I). Higher values of Kurtosis (ku) indicate that
the curve is elongated for bone density (I). Negative values of Kurtosis (ku) indicate that
the curve is flattened for wound volume (I) and periodontal pocket (I). The distribution of
values is mostly within the normal distribution (p) of all three parameters, namely, wound
volume (I), bone density (I) and periodontal pocket (I).

Table 2. Results of I measurement in the control and experimental groups.

Mean Value std.d Min Max c.var conf.inter. sk ku 4
VOL (I) 430.97 92.88 2515 6087 2155 39628  465.66 —005 —0.67 0.823
Control Group degjlty ~89.23 7186  —297.8 449 8053 —11607 —6239 —048 087 0977
pocket (I) 6.27 221 3.0 11.0 3529 544 709 049 —088 0510
VOL (I) 417.57 93.77 197.8 5745 2245 38255 45259 —038 —043 1.000

Experimental density
Group 0 —94.00 7136  —2512 760 7592 —120.65 —67.34 025 —0.10 0.783
pocket (I) 6.67 2.52 3.0 130 3785 572 761 058 —032 0.622

The minimum (min) and maximum (max) values of the monitored parameters in the
alveoli of the experimental group in I measurement indicate that the values are within the
expected range. Higher values of the coefficient of variation (c.var) indicate the heterogene-
ity of the experimental group in terms of all three monitored parameters: wound volume
(I), bone density (I) and periodontal pocket (I). Increased values of Skewness (sk) indicate
that the distribution is negatively asymmetric. This means that the curve of the distribution of
the results tends towards higher values, or that there are more higher values compared to
the normal distribution, in the case of bone density (I) and periodontal pocket (I). Reduced
values of Skewness (sk) indicate that the distribution is positively asymmetric. This means
that the curve of the distribution of the results tends towards lower values, or that there are
more lower values compared to the normal distribution of the wound volume (I). Negative
values of Kurtosis (ku) indicate that the curve is flattened for wound volume (I), bone
density (I) and periodontal pocket (I). The distribution of values is generally within the
normal distribution (p) for wound volume (I), bone density (I) and periodontal pocket (I).

Table 3 shows the results of the significance of the difference between the groups, in
regards to the monitored parameters in the I measurement.

Based on the value of p = 0.826 (MANOVA), it can be concluded that no significant
difference and a clearly defined boundary between the groups were observed. Further,
as the value is p > 0.1 (VOL, density, periodontal pocket), it means that no significant
difference was observed between the groups in terms of wound volume (I), bone density (I)
and periodontal pocket (I).

Table 3. Significance of the difference between the groups, in regard to the monitored parameters in
the I measurement.

Analysis F p
MANOVA 0.299 0.826

VOL (I) 0.309 0.580
Density (I) 0.066 0.798

Periodontal pocket (I)

0.426

0.516
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3.4.2. Analysis of Parameters in the II Measurement

The results of Il measurement for the control and experimental groups is shown in
Table 4.

Table 4. Results of Il measurement in the control and experimental groups.

Mean Value std.d Min Max c.var conf.inter. sk ku 4

VOL (II) 296.02 11573 1122 5387 39.09 252.80 33924 044 —0.82 0574

Control Group  density (IT) 134.69 63.59 239 3102 4722 11093 15844 0.67 092  0.565
pocket (IT) 432 1.76 1.0 9.0 4087  3.66 498 069 048 0516

VOL (II) 261.47 90.31 1208 4604 3454 22774 29520 039 —037 0.641

Expéiﬁ;“tal density (IT) 131.33 74.96 —552 3195 57.08 10333 15933 024 117 0.778
pocket (IT) 3.83 1.60 1.0 80 4172 324 443 084 051 0.095

The minimum (min) and maximum (max) measured values in the Il measurement of
the control group indicate that the values are within the expected range. Higher values of
the coefficient of variation (c.var) indicate the heterogeneity of the control group in terms
of extraction wound volume (VOL (I)), bone tissue density (density (II)) and periodontal
pocket depth (pocket (II)). Increased values of Skewness (sk) indicate that the distribution
is negatively asymmetric, which means that the curve of the distribution of the results
tends to higher values, or that there are more higher values compared to the normal
distribution, for all three observed features. Higher values of Kurtosis (ku) indicate that
the curve is elongated for bone density (density (II)) and pocket (pocket (II)). Negative
values of Kurtosis (ku) indicate that the curve is flattened for volume values (VOL (II)).
The distribution of values generally moves within the normal distribution (p) for all three
observed parameters.

The minimum (min) and maximum (max) parameters that were monitored in the II
measurement in the experimental group indicate that the values are within the expected
range. Higher values of the coefficient of variation (c.var) indicate experimental heterogene-
ity in terms of all three observed parameters. Increased values of Skewness (sk) indicate
that the distribution is negatively asymmetric, which suggests that the curve of the distri-
bution of the results tends to higher values, or that there are more higher values compared
to the normal distribution for all observed features. Higher values of Kurtosis (ku) indicate
that the curve is elongated for density (density (II)) and periodontal pocket (pocket (II)).
Negative values of Kurtosis (ku) indicate that the curve is flattened for volume (VOL (II)).
The distribution of values generally moves within the normal distribution (p) in the case of
volume (VOL (II)) and density (density (II)). The distribution of values deviates from the
normal distribution (p) in the case of a periodontal pocket (pocket (II)).

Table 5 shows the results of the significance of the difference between the groups, in
regards to the monitored parameters in the Il measurement.

Table 5. Significance of the difference between the groups, in regards to the monitored parameters in
the I measurement.

Analysis F p
MANOVA 0.800 0.499
VOL (I) 1.662 0.203
Density (I) 0.035 0.852
Periodontal pocket (I) 0.426 0.516

Based on the value of p = 0.499 (MANOVA it can also be concluded that no significant
difference and a clearly defined boundary between the groups were observed. Further,



Appl. Sci. 2023,13, 4823

13 of 17

as the value is p > 0.1 (VOL, density, periodontal pocket), it means that no significant
difference was observed between the groups in terms of wound volume (II), bone density
(II) and periodontal pocket (II).

4. Discussion

Third mandibular molar surgery is the most common clinical procedure done by oral
and maxillofacial surgeons. It can be associated with several postoperative complications,
such as pain, swelling, trismus, alveolar osteitis or surgical site infection. Many studies
have been conducted to determine procedures capable of reducing the incidence of these
complications.

The idea of applying a platelet concentrate in the wound area foresees the synergistic
action of various growth factors and the multiplication of their biological significance
locally [30]. The production protocol of these products affects their composition and
biological characteristics and the clinical effect of their application [53,54].

The healing time of the extraction alveolus varies significantly among individuals [13].
Various studies show that in the 4th week of socket healing, about 2/3 of the alveolus
is filled with woven bone, and in the 10th week, it is completely filled. However, after
this period, the intensive process of bone tissue remodeling continues with only partial
replacement of woven bone with mature lamellar bone type, which lasts up to 6 months [14].

Some authors consider that a period of 2 or 3 months is too short to monitor the effects
of these products on the healing of the extraction alveolus. On the other hand, there are
authors who believe that a short follow-up period (up to 3 months) is more suitable for
monitoring the effects of platelet preparations, because their beneficial effect is expected
only in the initial stages of healing [55].

Several studies were published with methodology similar to our study [56,57]. They
reported statistically significant better bone healing of alveoli in which L-PRF was applied.
Our results partly coincide with this; the present study results suggest some positive effect
of L-PRF application. The volume of new bone tissue and bone density were higher in the
experimental group, and the depth of the periodontal pocket distal to the second molar was
smaller in this group. Although neither of these differences were statistically significant,
they undeniably exist.

Several studies evaluated the effect of L-PRF in promoting bone tissue regeneration,
but in other clinical applications, such as in maxillary sinus floor elevation and various
augmentation procedures [58], furcation defect treatment [26], endodontic therapy [59] and
socket preservation [3].

There is no clear consensus in terms of the required quantity of L-PRF for the optimal
effect. The content of platelets in platelet concentrates is 2 to 8.5 times higher than in blood,
depending on the method of production. However, it is important for clinicians to note
that the initial platelet count is not the same in all patients and that different individuals
probably have a different critical concentration of platelets in these products required to
achieve a significant biological effect. Further, the significance of the different content
of other cellular elements of the blood remains unclear [27]. In the present study, two
L-PRF plugs were placed in the experimental alveoli. We can assume that more of L-PRF is
probably needed, especially in the alveoli of teeth with more than one root.

In 2017, MacBeth et al. published a systematic review of the literature on soft and hard
tissue changes after alveolar ridge preservation interventions. For some studies included
in this review, he determined that there was an extremely high degree of heterogeneity,
and this could explain why in these studies, the differences between the control and
experimental groups were not statistically significant [60].

The inability to bilaterally make defects of the same dimensions and shapes can
potentially explain the results of the present study. However, this is a limitation faced
by all clinical studies because it is not possible to create two identical defects, as it is
possible in in vitro studies. A similar conclusion was reached by Del Fabro et al., who
published a systematic review in 2018. The review included studies evaluating the effect of
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autologous platelet preparations on infrabony periodontal defects and concluded that most
of them failed to prove that the difference between the control and experimental groups
was statistically significant, given the great differences in the shape and size of the defects,
primarily in terms of the number of bony walls that exist in the defect [61].

Research has shown that changes in the number of revolutions of the centrifuge
(centrifugal force intensity) and the length of time of centrifugation affect the biological
characteristics of the preparations obtained, such as the amount and type of growth factors
they release and the dynamics of their release [32,62].

To minimize individual differences in their characteristics, it is necessary to standardize
clinical protocols for their production. It is also necessary to determine the benefit from
combining these preparations with other types of bone grafts [26] and allografts [4] in the
treatment of bone defects. It can be concluded that the use of some grafting material and
autologous blood preparations can, to a certain extent, reduce the resorption of bone tissue
in the post-extraction period and prove to be an optimal procedure in therapy after tooth
extraction [19].

Although it is evident that, today, the positive effect of the application of growth factor
concentrates on tissue healing, and therefore on extraction wounds, the necessary biocom-
patibility, safety of their application, clinical reproducibility of the preparation methodology
and “cost-effect” relationship must still be kept in mind during its administration. The use
of a clearly defined, safe and controlled technique can be a powerful tool to achieve better
tissue regeneration in many clinical applications.

Many studies evaluated the formation of bone tissue by analyzing two-dimensional
X-ray images (periapical or OPT) [63,64], but in the present study, 3D CBCT images were
used to obtain more accurate information, i.e., surface 3D models of cavities, due to higher
spatial resolution. Moreover, application of the presented methodology for extraction and
analysis on surface 3D models for the density, volume and periodontal pocket presents
a new way to acquire reliable results on the basis of the reconstructed 3D geometry of
the cavity.

This study has certain limitations, primarily in terms of the sample size and the fact
that it was only conducted in the mandibular third molar region. The region of the third
molar in the lower jaw shows certain peculiarities in relation to the healing of extraction
wounds in other parts of the oral cavity. Further, the preoperative platelet and leukocyte
count was not taken into consideration.

5. Conclusions

Based on the results of the study, it can be concluded that there is not enough evidence
that the use of L-PRF after the third lower third molar extraction has a favorable effect on
bone tissue healing and periodontal pocket reduction distally to the second molar.

Further research that includes a larger sample, longer observation period, precise
protocols of autologous blood preparations production and identification of all the factors
that may influence the composition and properties is necessary.
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