
Romanian Journal of Stomatology – Volume 70, No. 4, 2024366
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ABSTRACT
This paper provides a scientific assessment of a widely implemented technology in regenerative medicine, particu-
larly clinical dentistry, subject to protocol compliance with the method of ordering fibrin filaments, which ensures 
the formation of a three-dimensional structure that serves as a biological scaffold with multifunctional properties. 
The preservation of autologous genetic information with full stimulating content, with a spectrum of active trophic 
and repair factors – growth factors, in particular, of platelet origin, provides a reliable prognosis of “controlled” tissue 
regeneration.
The aim of the study is to substantiate the effectiveness of the use of autologous plasma products – plasma rich in 
growth factors (PRGF) in clinical dentistry, and their interfractional differentiation according to the results of electron 
microscopic analysis.
We have studied the density of formed fibrin fibers in terms of the number (in 10 μm2) and morphometric value of 
the cross-section (Ø) in the PRGF - F1 and F2 fractions of mesoconcentrate products, namely, insulating membranes 
(M) and wrapping blocks (B), using electron transmission microscopy. For evidentiary analytical substantiation, we 
performed scanning electron microscopy of fibrin strands, which provided high-resolution images of sample surfaces 
without destroying their architectonics.
The obtained results confirm the working hypothesis, i.e., the acceptable effectiveness of the study based on statistical 
analysis. This highlights the reliability of the results with the appropriate level of significance in the interfraction differ-
ence of PRGF F1-M, B and F2-M, B, with a description of the interrelated diametric differences.
This analysis of the accumulation and quality of fibrin filament formation based on the results of electron microscop-
ic examination, comprehensively confirmed by scanning electron microscopy and in the above fragment of clinical 
application, gives priority to the PRGF method with targeted fractional use (F1, F2) of mesoconcentrate products for 
targeted tissue regeneration, in particular in clinical dentistry according to its extensive indications.
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INTRODUCTION

The use of blood plasma in the medical industry 
and practice has not only made geographical pro-
gress but also significantly expanded the indications 
for therapeutic and prophylactic treatment [1,2]. 
Over the past decade, a large number of scientific 

studies of cell separation have been published [3,4], 
and the results of clinical trials using cellular tech-
nologies [5]. There is a growing demand for clinical 
selectivity not only in terms of methods and tech-
niques [6-8] but also in terms of their ergonomics 
and controllability at the stages of patient rehabili-
tation.
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However, one of the most topical issues in the 
use of autologous plasma by the Endoret-PRGF 
method is the guarantee of maintaining the genetic 
stability of cells even outside the body [9]. That is, 
obtaining platelet-derived growth factors, which 
are dimeric glycoproteins, from the patient's venous 
blood by centrifugation. Moreover, the plasma with 
platelets is separated from other blood cells with a 
low leukocyte content, which distinguishes it from 
the PRF (Platelet Rich Fibrin) technique.

To ensure the predicted results of stem cell trans-
plantation [10], the scientific vector is focused not 
only on growth factors but also on a fibrin fib-
er-based matrix with preservation of natural blood 
clotting processes, which is due to the conversion of 
soluble fibrinogen into an irreversible fibrin gel, of 
which platelet-rich plasma is and remains an inte-
gral part [11,12].

Such bioconstructions based on fibrin fibers are 
increasingly used in regenerative medicine as a con-
nective framework for restoring the volume of hard 
tissue. After all, the fibrin matrix not only has a 
three-dimensional structure with a spectrum of ac-
tive trophic and repair factors but also retains the 
ability to create specific cytoarchitectonics that can 
be easily modeled in preclinical and clinical posi-
tioning, depending on the request of the operating 
field. Therefore, this study will provide an under-
standing of the differentiation of mesoconcentrate 
products by fibrin fiber diameter and density for 
their clinical use, the formation of a matrix base 
with the preservation of inter-fibrin spaces for con-
tinuous processes of trophic support, and constant 
physiological remodeling.

AIM

To substantiate the effectiveness of the use of au-
tologous mesoconcentrate products - plasma rich in 
growth factors (PRGF) in odontological practice in 
the treatment of bone atrophy caused by the loss of 
the masticatory group of the dentition, based on the 
results of electron microscopy.

MATERIALS AND METHODS

The material was collected during planned den-
tal operations using plasma for controlled tissue re-
generation. The study subjects were divided into 
three groups according to the age of the patients, 
namely: group I - 25-45 years, n = 10; group II - 46-60 
years, n = 10; group III - 61-75 years, n = 10. 

 The preparation of autologous plasma products 
was based on compliance with the protocol of the 
Endoret - PRGF BTI technique, Spain, which we de-
scribe in our previous research work [13], with a 
detailed protocol for the collection and formation of 
autologous cell grafts, and by the terms of the signed 

international agreement on scientific cooperation 
under No. 12-05/10 of 17.11.2021, on writing a doc-
toral dissertation on the topic: “Substantiation of re-
habilitation of patients with bone atrophy compli-
cated by topographic and anatomical features of the 
mandibular canal”.

The study of the order of fibrin filaments in 10 
μm2 and their transverse size (Ø) on electron micro-
graphs was carried out using the optional morpho-
metry of the transmission electron microscopy 
method, using the transmission electron microscope 
PEM-100-01 at magnifications from ×1000 to ×10000, 
which generated electron beams passing through 
extremely thin samples of the material under study, 
which facilitated a preliminary visual assessment of 
the fractional quality of PRGF - F1 and F2 plasma 
products - insulating membranes (M) and obturat-
ing blocks (B). 

Scanning electron microscopy of the fibrin strands 
was performed, preserving at all times the architec-
ture of the sample and the electrical conductivity.

To obtain micrographs of the fibrin strands un-
der study, the samples were fixed in a 1.5% glutaral-
dehyde solution and then washed three times with 
distilled water. After rinsing, the stage of procedural 
freeze-drying was carried out: the wet samples were 
frozen and then placed in a vacuum chamber, 
where moisture was sublimated from the frozen tis-
sue samples. Thanks to this drying process (1.5-2 
hours), the tissue did not lose its volume and no 
strands clumped together. The dried tissue samples 
were glued to cylindrical copper tables with subse-
quent metallization of the tissue surfaces by ther-
mal spraying of a thin copper layer (up to 20 nm). 
Sputtering was carried out in a VUP-5 sputterer.

The experimental part of electron microscopic 
studies was carried out on a scanning electron mi-
croscope JEOL T220A.

A magnification of ×5000-10000 was used to scan 
the surface of the samples, and the accelerating volt-
age in all experiments was 20 kV.

In the statistical analysis, first of all, the mean 
morphometric values (M) and the error of the mean 
number (±m) of plasma products in both fractions 
were determined, the values of which are presented 
in the table below.

Taking into account the fact that the sample dif-
fers from the normal distribution, nonparametric 
methods, in particular, the Mann-Whitney U test, 
were chosen to compare the quantitative values of 
interfractional plasma products, with parallel ana-
lytical substantiation of the data in the form of the 
median (Me) and interquartile range (IQR).

Protocol No. 2 of 21.10.2021 of the Commission 
on Biomedical Ethics of Bukovinian State Medical 
University (Chernivtsi, Ukraine) stipulated and ap-
proved the regulatory bioethical standards of the 
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planned research work, which was conducted after 
patients read and signed an informed consent to 
participate in research in compliance with the main 
provisions of the GCP (1996), the Council of Europe 
Convention on Human Rights and Biomedicine 
(04/04/1997), the World Medical Association Decla-
ration of Helsinki for the Ethical Principles of Scien-
tific Medical Research Involving Human Subjects 
(1964-2013), Order of the Ministry of Health of 
Ukraine No. 690 of 23.09.2009 (as amended by Order 
of the Ministry of Health of Ukraine No. 190 of 
31.01.2023).

RESULTS

The proper ordering of fibrin strands serves not 
only as a biological framework with multifunctional 
properties but also contains all genetic information 
(Figure 1) with a full-fledged stimulating content - 
growth factors, in particular, of platelet origin.

The proven effectiveness of clinical use of meso-
concentrate products, namely isolation membranes, 

which are widely used in targeted tissue regenera-
tion - closing bone augmentation, burn zones, in 
particular, maxillofacial area, after surgical treat-
ment of neurovascular structures in areas of their 
exposure, etc. and obturating blocks - to close oroan-
tral connections, compensation for lost tissue, for its 
intended purpose, confirms its biological effective-
ness according to the results of this work. To scien-
tifically substantiate the results of the study, with 
their subsequent application in clinical dentistry, 
we conducted a detailed analysis of the density (ac-
cumulation) of fibrin filaments in 10 μm2 and their 
diameter (Figure 2), which is ensured by careful ad-
herence to protocols at all clinical and laboratory 
stages and excludes study subjects who, according 
to diagnostic screening, are carriers of chronic dis-
eases, including blood diseases.

The results of the statistical analysis presented in 
(Table 1) cannot confirm patterns of change in quan-
titative or qualitative characteristics depending on 
age. The high density of fibrin clot formation, which 

FIGURE 1. Electronogram, ×5000. A) Fibroblasts at different stages of their maturity: 1. Cytoplasm; 2. Nucleus; 3. Nucleolus; 
4. Single fibrin strands. B) Fibroblasts at the stage of fibrin fiber formation: 1. Cytoplasm; 2. Nucleus - destruction of the 
carioma; 3. Formed fibrin fibers

FIGURE 2. Electronogram, ×5000. Investigation of fibrin density and fiber diameter in mesoconcentrate products: A) F2-M; 
B) F2-B
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is most saturated with growth factors, in the first 
group (25-45 years), with values of 50 units per 10 
μm2 in the F2 fraction, was investigated and empha-
sized by analytical visualization in Figure 2, B. How-
ever, the indicated fractional density of fibrin fibers 
decreases in the third group of the study (≥61 years) 
to 29 per 10 μm2, outlining the rates of blood aggre-
gation and biological possibilities of separation dur-
ing centrifugation in these individuals. High orderli-
ness was studied in the second group (individuals 
aged 46-60 years), where the occurrence of fibrin 
fibers is 36 per 10 μm2, which characterizes the cor-
responding reparative and regenerative tissue capa-
bilities of the human body.

Realizing that the mechanisms of fibrin fiber for-
mation occurred outside the body and the phases of 
formation of its protofibrils into fibrils were accel-
erated as a result of controlled rotational later-
al-horizontal aggregation, but ensuring the com-
pleteness of the proper conditions for predicting the 
preservation of quantitative and qualitative charac-
teristics in their fractional distribution remains an 
important preclinical stage in controlled tissue re-
generation. It is impossible to achieve such results 
of the formation of a typical fibrin fiber structure 
when the formation processes occur in the human 
body in such a way that the phases proceed on the 
surface or in the middle of the platelet clot, which 
prevents the association of protofibrils due to their 
limited mobility. Fibers form chaotically connected 
thin strands, with rupture and overlap of subordi-
nate fibrillar structures, forming wide interfibrillar 
spaces, or lack thereof.

Investigating the diameter (Ø) of a fibrin fiber as 
a morpho-histological structure, the formation of 

which depends on the multifactorial influence of 
the biological environment on its tissue reactions, 
their balance, and variability, we present an analy-
sis with the values of the median number (Me) and 
interquartile range (IQR), which gives an idea of the 
variant formation.

In the first group, the Me value of the F1 fraction 
is 0.19 μm with IQR (0.18, 0.20) - F1-M and IQR (0.17, 
0.21) - F2-B. The diameter decreases in the PRGF 
fraction (F2), where the fibers forming the mem-
brane are Me (IQR) = 0.14 (0.11, 0.18) μm, and the 
wrapping block is Me (IQR) = 0.16 (0.15, 0.19) μm. 
However, when testing the hypothesis, the p-value 
did not confirm the high reliability of the results 
(see Table 1).

The ordering of fibrin fibers in the fractionally 
formed mesoconcentrate products is the same in 
terms of the average diameter and is Me = 0.22 μm 
with an interquartile range of 0.20-0.25 μm in the 
second group of the study, except for the diameter in 
the F2-M fraction, which decreases by 0.4 μm, where 
Me (IQR) = 0.18 (0.16, 0.18) μm.

The third group of the study (patients aged ≥ 61 
years old) is represented by a gradual interfraction-
al difference in the formed plasma products. The 
PRGF - F1 fraction has a fibrin fiber diameter in the 
formed membrane Me = 0.20 μm with an interquar-
tile range (0.18, 0.29) μm, however, their volume in-
creases by 0.14 μm in the formed block (clot) and 
acquires a value of Me (IQR) = 0.34 (0.32, 0.39) μm. In 
PRGF - F2 fractions, the diameter of fibrin fibers in 
both mesoconcentrate products decreases and is 
0.18 μm, IQR (0.17, 0.21) μm for F2-M = Me and 0.25 
μm, IQR (0.20, 0.34) μm for F2-B = Me.

Like every researcher, in this paper, we set out to 

TABLE 1. Comparison of the density and diameter of fibrin fibers formed from insulating membranes (М) and wrapping 
blocks (В) of human mesoconcentrate (blood plasma), n = 30, obtained by the Endoret - PRGF method (Human 
Technology, BTI, Spain)

Research groups Research parameters PRGF (F1-M) PRGF (F1-B) PRGF (F2-M) PRGF (F2-B)

I - the first group
(25-45 years old),
n=10

Density, number in μm2 24.00 25.00 18.00 50
Ме (IQR) 0.19 

(0.18, 0.20)
0.19 

(0.17, 0.21)
0.14 

(0.11, 0.18)
0.16 

(0.15, 0.19)
М, ±m 0.19±0.02 0.18±0.04 0.14±0.04 0.18±0.05
p (reliability of the result) 0.791 0.131

II - the second group 
(46-60 years old),
n=10

Density,
number in μm2 16.00 22.00 24.00 36.00

Ме (IQR) 0.22 
(0.20, 0.24)

0.22 
(0.21, 0.23)

0.18 
(0.16, 0.18)

0.22 
(0.20, 0.25)

М, ±m 0.23±0.04 0.23±0.04 0.17±0.04 0.21±0.05
p (reliability of the result) 0.970 0.035*

III - the third group
≥ 61 years old,
n=10

Density, number in μm2 16.00 29.00 18.00 29.00
Ме (IQR) 0.20 

(0.18, 0.29)
0.34 

(0.32, 0.39)
0.18 

(0.17, 0.21)
0.25 

(0.20, 0.34)
М, ±m 0.23±0.11 0.36±0.10 0.20±0.07 0.27±0.08
p (reliability of the result) 0, 019* 0,024*

Note*: significance level p < 0.05
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confirm the working hypothesis, i.e., the acceptable 
results of the study. Statistical analysis (see Table) 
confirmed the high reliability of the results with a 
significance level of p < 0.05 in the third group of the 
study, where in the fractional comparison between 
PRGF F1-M and F1-B, p = 0.019 with a slightly lower 
level of p = 0.024 in the fractional comparison be-
tween PRGF F2-M and F2-B, which describes the sig-
nificance of the diametric differences that are inter-
connected (Figure 3, Figure 4).

The results of the study have been clinically test-
ed [9] not only for the preparation and interfrac-
tional distribution (Figure 5) but also for the use of 
mesoconcentrate products in the form of insulating 
fibrin membranes (F1-M), to cover bone allograft or 
postimplantation site, a combination of fibrin mem-
branes (F2-M) and fibrin wrapping blocks/coils (F2-
B) to fill and isolate sequestral or resection, osteoto-
my cavities (Figure 6), etc. Below we present a 
practical application in a clinical setting to empha-
size the importance of these principles in promoting 
tissue integration, healing, and full biological regen-
eration.

The analysis of the density and diameter of fibrin 
fibers based on the results of electron microscopic 

examination, comprehensively confirmed by scan-
ning electron microscopy (see Figure 3, Figure 4) 
and in the above fragment of clinical application 
(see Figure 6), gives priority to the PRGF method 
with targeted fractional use (F1, F2) of mesoconcen-
trate products for targeted tissue regeneration, in 
particular in clinical dentistry according to its ex-
tensive indications.

DISCUSSIONS

The clinical rationale is indisputable regarding 
the need for fractional distribution of autologous 
mesoconcentrate, followed by the formation of fi-
brin membranes that will primarily perform a bar-
rier function and fibrin clots (blocks) with high 
platelet concentration, which are used for controlled 
tissue regeneration.

A randomized and controlled clinical trial of 
bone healing to preserve the cancellous process us-
ing xenografts and allografts compared with the use 
of plasma-rich growth factors (PRGF), conducted by 
Stumbras A, et al. [14], emphasizes the greatest for-
mation of new mineralized tissue in the PRGF group 
according to their histomorphometric analysis. 

FIGURE 3. Scanning electronogram, ×10000. Study of the autologous fibrin membrane, according to the fractional 
distribution of F2 Endoret - PRGF (Human Technology, BTI, Spain): 1. Fibrin fibers; 2. Interfibrine space

FIGURE 4. Scanning electronogram, ×10000.  Investigation of an autologous fibrin clot, according to the fractional 
distribution of F2 Endoret - PRGF (Human Technology, BTI, Spain): 1. Bonding of fibrin fibers; 2. Interfibrine space
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A systematic review was conducted to investi-
gate the histomorphometric changes that occur dur-
ing controlled cellular preservation using autolo-
gous plasma of different concentrations, in parti- 
cular, the ARP technique, performed with fibrin, 
platelet- and leukocyte-rich fibrin (L-PRF) and pure 
platelet-rich plasma (P-PRP), the authors Caponio 
VCA, et al.[15] confirmed their effectiveness in the 
formation of new bone, however, they did not find 
significant differences in the fractional use.

Anitua E, et al. [16] argue that such randomized 
clinical trials aimed at evaluating the use of leuko-
cyte-rich plasma (L-PRP) or pure platelet-rich plas-
ma (P-PRP) for bone regeneration and/or preserva-

tion of cancellous bone also do not provide adequate 
clarification of the effectiveness of these techni- 
ques. 

Excellent results of clinical treatment are report-
ed in DuVal M, et al. [17], using plasma rich in growth 
factors according to the PRGF method, with com-
plete regeneration of not only soft tissue but also 
bone tissue to its pre-pathological state and subse-
quent successful implant rehabilitation in the same 
area of the edentulous jaw. PRGF has been proven to 
be an effective technique in minimizing or eliminat-
ing bone deformities that are usually associated 
with conventional treatment or post-sequestration 
intervention.

FIGURE 5. A) Fibrin clot formed from fraction F1 Endoret - PRGF for the preparation of an insulating membrane; B) Bone 
allograft formed using fractional plasma F2 Endoret - PRGF

FIGURE 6. Stages of rehabilitation of an edentulous patient with mixed bone atrophy of the mandible complicated by 
sequestral destructive changes: A) Postimplantation and post-sequestrectomy surgical area on the right side of the 
mandible; B) 1. Restoration of the volume of the atrophied cellular part and body of the mandible in the vertical and 
horizontal directions using bone allograft enriched with automeso-concentrate. 2. Closure of the post-extraction cavity 
using obturating blocks of fractional plasma F2 Endoret - PRGF; C) Application of an insulating membrane formed from 
fractional autoplasma F1 Endoret - PRGF to block epithelial proliferation, the influence of unprogrammed resorptive 
processes and preservation of post-extraction bone volume; E) The final result of the patient's comprehensive 
rehabilitation with the restoration of chewing efficiency and functionality of the mandibular dentition on the right side
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Many claimed techniques implemented in dental 
practice, which have a single goal - controlled tissue 
regeneration, are based on the use of autologous 
platelet plasma, including extracellular vesicle-rich 
plasma (PVRP), which, according to Troha K, et al. 
[18], do not have a prediction of a clear tissue organ-
ization, which distinguishes them from the tech-
nique presented by us.

We are aware of sophisticated cell separation 
techniques, but, according to Bastian F, et al. [19], 
they are aimed only at selecting cells of a certain se-
ries that have no or limited further clinical and bio-
logical application. 

In the study, the authors Alavi SE, et al. [20] con-
firm that all surface changes used to restore lost vol-
ume due to atrophic or inflammatory processes of 
bone tissue are critical to mimic the natural struc-
ture of bone, not only to preserve but also to im-
prove cellular responses. In addition, the interac-
tion between biosensitive scaffolds, growth factors, 
immune cells, and stromal progenitor cells is essen-
tial to promote the stability of bone regeneration. 
After all, diffuse trophic nutrition from the perioste-
um can be significantly reduced by the use of artifi-
cial “semi-deaf” insulating membranes and their 
fixing elements, which lead to corticalization of the 
surrounding trabecular tissues.

A significant advantage of mesoconcentrate 
products is their autologous nature, which excludes 
a certain range of preclinical tests and immunocon-
flict issues, and, no less important, the norms of 
medical law and bioethical regulation.

Since we did not find any similar works in the 
bibliometric analysis, we believe that the prospects 
for further research will be aimed at discussing the 
results of clinical trials using forms (products) of au-

tologous mesoconcentrate in targeted tissue regen-
eration.

CONCLUSIONS

The ordering of fibrin fibers in the fractionally 
formed mesoconcentrate products differs according 
to the results of intergroup analysis and by the aver-
age diameter and density.

The high reliability of the results was established 
in the third group of the study, where in the frac-
tional comparison between PRGF F1-M and F1-B the 
value of p=0.019, with a slightly lower level of 
p=0.024 in the fractional comparison between PRGF 
F2-M and F2-B, describes the statistical significance 
of the diametric differences that are interrelated.

The presented rationale is indisputable regard-
ing the need for fractional distribution of autolo-
gous mesoconcentrate, followed by the formation of 
fibrin membranes that will primarily perform a 
barrier function and fibrin clots (blocks) used for 
controlled tissue regeneration.
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