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RÉSUMÉ

Changements de la microcirculation dans la zone de 
restauration des défauts osseux des mâchoires à l’aide 
d’une matrice fibreuse polymère

Introduction. L’un des domaines les plus spécifiques 
de la stomatologie pratique est l’utilisation de diverses 
structures de matrice biologique servant comme une 
épine dorsale aux cellules ostéogéniques et de cadre 
aux composants vasculaires assurant la formation pro-
gressive d’un nouveau tissu osseux dans la zone de dé-
faut formée par l’énucléation résultante.
Objectif. Établir l’efficacité de l’utilisation de la ma-
trice fibreuse et de la membrane polymère dans le pro-
cessus de restauration des défauts de la structure os-
seuse après la procédure d’énucléation sur la mâchoire 
inférieure et analyser les résultats avec ceux enregistrés 
lors de la réalisation de défauts osseux avec une éponge 
de collagène.

ABSTRACT

Introduction. One of the most specific areas in prac-
tical dentistry is the use of various biological matrix 
structures that serve as a backbone for osteogenic cells 
and a framework for vascular components that provide 
the gradual formation of a new bone tissue in the area 
of defect formed by the resultant enucleation.
Objective. To establish the efficiency of using fibrous 
matrix and polymeric membrane in the process of 
restoration of defects of the bone structure after the 
procedure of the enucleation on the lower jaw and 
to analyze the results with those that were registered 
when performing bone defects with collagen sponge.
Materials and methods. The study was con-
ducted in the Department of Surgical Dentistry 
of Ivano-Frankivsk National Medical University, 
Ukraine, during 6 months, between September 10, 
2018-March 10, 2019. The selected sample of patients 
randomly were divided into two groups: 1st group – the 
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INTRODUCTION

The analysis of the peculiarities of etiology, clin-
ical course and criteria for the diagnosis of odonto-
genic cysts, found that the prevalence of the latter 
according to previous research in the structure of 
inflammatory lesions of the maxillofacial area is 37, 
2%, with such formations occurring in almost every 
second patient who applied for surgical dental care. 
In the structure of the distribution of the prevalence 
of different types of nosological classification, the 
leading place is occupied precisely by radicular cysts, 
whose prevalence ranges from 85-90%. Taking into 
account these data, development and improvement of 
effective surgical methods of treatment of odontogen-
ic cysts remains an actual task of practical dentistry1-4.

However, the results of an examination indicate 
that only cystectomy procedures (exclusion of a defect 
with primary wound closure) are characterized by the 
lowest risk of associated complications. At the same 

time, the authors point out only a small number of 
researches that were devoted to the direct compari-
son of the results of cystectomy without and with the 
subsequent fulfillment of the existing bone defect by 
bone substitutes of different origin5-7.

The use of collagen sponge, as a material for sta-
bilizing the blood clot, practically does not affect the 
natural mechanism of filling formed in the results 
of bone defect enucleation, and can serve as a model 
for comparing the effectiveness of other approaches 
to optimizing surgical protocols for the treatment of 
patients with radicular cysts8-10. One of the specific 
directions in practical dentistry is the use of various 
biological matrix structures that lack the defects of 
bone substitutes and can act as a backbone for osteo-
genic cells and a framework for vascular components, 
which ensures the further gradual formation of a new 
bone tissue in the area of defect formed as a result of 
enucleation11-13.

Matériaux et méthodes. L’étude a été réalisée sur 
une base de 6 mois, du 10 septembre 2018 au 10 mars 
2019, au département de dentisterie chirurgicale de 
l’université nationale de médecine d’Ivano-Frankivsk. 
L’échantillon sélectionné de patients a été divisé au 
hasard en deux groupes: I groupe – la recherche, qui 
a porté sur 24 personnes (le comblement du principal 
défaut osseux de ce groupe a été réalisé à l’aide de l’ar-
ticle élaboré par les auteurs de la matrice fibreuse et 
des membranes polymères); II groupe – comparaison, 
comportant 25 personnes (l’achèvement de la partie 
principale des défauts osseux de ce groupe a été réalisé 
avec CollaTape Collage Spot (Integra Life Sciences).
Résultats. L’indice moyen de réduction de la taille 
du défaut radiologique géométrique dans le groupe de 
recherche était 89,4±2,5%, tandis que dans le groupe 
de comparaison, cet indice était égal à 90,2±1,6%. La 
réduction la plus importante à la fois dans le groupe de 
recherche et dans le groupe de comparaison a été ob-
servée dans les composantes horizontale (87,8 à 93,6%) 
et diagonale (88,4 à 91,5%) du défaut. Six mois après 
l’intervention, l’indice de réduction (IR) augmentait et 
atteignait 1,74, soit 72,50%.
Conclusions. L’absence de différences statistiques 
enregistrées entre les critères décrits ci-dessus pour 
évaluer le traitement chirurgical des patients dans les 
deux groupes suggère que l’utilisation d’une matrice 
fibreuse et de membranes polymères ne provoque pas 
de violations significatives du processus de régénéra-
tion osseuse physiologique après l’extirpation du kyste.

Mots-clés: chirurgie buccale, biopolymère, bio-im-
plant, tissu vasculaire.

study group, which included 24 persons (filling the 
main bone defect in this group was carried out using 
the material developed by the authors, of fibrous ma-
trix and polymer membranes); 2nd group – the com-
parison group, in which 25 people were included (the 
completion of the main part of the bone defect in this 
group was carried out using CollaTape Collage Spot 
(Integra Life Sciences).
Results. The average index of reduction of the geo-
metric radiological defect size in the research group 
was 89.4±2.5%, while in the comparison group, this in-
dicator was equal to 90.2± 1.6%. The largest reduction 
in both the research group and the comparison group 
was noted in the horizontal (87.8-93.6%) and in the 
diagonal (88.4-91.5%) components of the defect. Six 
months after the intervention, the index of reduction 
increased and reached 1.74 (72.50%).
Conclusions. The absence of registered statistical 
differences between the above described criteria for 
assessing surgical treatment of patients in both groups 
suggests that the use of fibrous matrix and polymeric 
membranes does not provoke significant violations in 
the process of physiological bone regeneration after the 
removal of cyst.

Keywords: oral surgery, biopolymer, bioimplant, vas-
cular tissue.

List of abbreviations:
MeV – mega electron volts
kGy – kilogray
RI – index of reduction
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THE OBJECTIVE OF THE STUDY was to perform a micro-
circulation analysis using a fibrous matrix and a poly-
meric membrane in the process of restoring defects in 
the bone structure after the procedure for enucleation 
in the lower jaw and carry out an analysis of the re-
sults obtained with those that were registered in the 
application of bone defects with collagen sponges.

MATERIALS AND METHODS

The clinical stage of the research was conducted 
in the Ivano-Frankivsk National Medical University, 
Ukraine, with the formation of a sample of patients 
in accordance with the formulated inclusion crite-
ria. The surgical operations and research were car-
ried out at the Department of Surgical Dentistry 
of Ivano-Frankivsk National Medical University, 
Ukraine, during 6 months, between September 10, 
2018-March 10, 2019. The criteria for inclusion of 
patients in the studied sample were as follows: 1) the 
finding of the defect of the bone tissue of the man-
dible associated with the tooth, with a diameter of 
more than 2 cm, but less than 3 mm; according to 
X-ray examination (orthopantomography); 2) possi-
bility of diagnosis of «radicular jaw cyst», based on 
the data of the clinical examination, analysis of the 
data of anamnesis and results of X-ray diagnoses; 3) 
the absence of local or general contraindications to 
the procedure of cystectomy with the subsequent ful-
fillment of the formed defect by collagen sponge or 
fibrous matrix; 4) the possibility of carrying out the 
procedure for the enucleation of the area of the cyst 
and filling the formed defect with the preservation 
of the continuity of the mandible without the need 
for the use of additional osteosynthesis; 5) written 
consent of the patient regarding the protocol of the 
proposed treatment and further use of data for anal-
ysis with the provision of the principle of anonymity 
in the representation of the results.

The research was conducted with the involve-
ment of 49 patients with a confirmed presence of 
bone tissue defect in the area of the lower jaw of 
odontogenic nature, which, taking into account the 
related clinical features and anamnesis data, could be 
classified as „radicular cyst“. Additional researches to 
confirm the histopathological diagnosis of „radicular 
cyst“ were not conducted.

The selected patient sample was randomly as-
signed to two groups: Ist group – the study group, 
which included 24 persons (the filling of the main 
part of the bone defect in this group was carried out 
using the article developed by the authors of the fiber 
matrix and polymeric membranes); IInd group – the 
comparison group, which included 25 people (fill-
ing the main bone defect in this group was carried 

out using collagen sponge Colla Tape (Integra Life 
Sciences)). The age range of patients who participated 
in the research was 27-49 years of age, there was no 
statistically significant difference between the mean 
age of patients in the research group and the compar-
ison group (p <0.05).

Manipulation of enucleation in both groups was 
performed by one and the same physician according 
to the following protocol: anesthesia, separation of 
full-tissue bunch with its sufficient mobility, curet-
tage of bone defect area with complete removal of 
all available granulations and cleaning of the bone 
surface, filling the main volume of the formed bone 
defect by fibrous matrix or collagen sponge, depend-
ing on the patient’s belonging to the research group 
or the comparison group, the overlapping surface of 
the defect that a small portion of bone augmentation 
(Cera Bone, Botiss) of the membrane (Mucoderm, 
Botiss) followed sewing wound tightly. Removal of 
stitches was done after 10 days after the initial iatro-
genic intervention.

Repeated clinical review of patients in both 
groups and X-ray control of changes in bone tissue, 
taking into account the principles of expediency of 
X-ray loading, was performed in 6 months after the 
surgical stage.

Taking into account the use, in the research 
developed by the authors of the fiber matrix and 
polymer membrane, below is an algorithm for their 
obtaining and a description of the specificity of the 
structure. Fibrous non-woven matrix was made from 
polymer foams of polylactic acid Resorb X (KLS 
Martin), by the method of phase separation of the 
polymer (Fig. 1-2). The thickness of the fibrous matrix 
was 30 mm on average. The diameter of the fibers 
was from 4 microns to 10 microns.

Matrix was subjected to gamma sterilization. 
Hermetically sealed in a dual package for steril-
ization, the matrixes were evenly embedded in an 
electron beam with an energy of particles of 4 mega 
electron volts (MeV) and a pulse width of 4.5 micro-
seconds (μs). Each Medicom package is standardized 
in EN 868-5, ISO 11140-1, ISO 11607-1, in which the 
polymer was packed in a thickness of 0.6 mm. At 
irradiation, the number of impulses varied from 4-70. 
The sterilization was based on the following parame-
ters: the frequency of the accelerator was 250 Hz, the 
maximum electron energy was 5 MeV, the maximum 
beam power was 5 kW, pulse duration 4.5 μs, pulse 
current up to 1.5 A, the power of braking radiation 
at a distance of 1 m from the target amounted to 104 
R/sec. The radiation dose of the object was up to 50 
kGy to calculate the volume and density of the mate-
rial. According to the norm, the maximum allowable 
dose of 50 kGy, with a maximum electron energy of 
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5 MeV. Processing by electrons with an energy of less 
than 10 MeV did not cause nuclear transmutations, 
that is, did not lead to the formation of radioactive 
isotopes and did not create the residual radiation 
background radiation facility.

The polymeric membranes of the KLS Martin 
company were formed individually for the configura-
tion of the bone surface by the method of thermo-vac-
uum pressing.

Measurement of bone defect size was performed 
by analyzing the results of X-ray researches using the 
algorithm described by Rubio E. D. and colleagues 
(2015) in the GIMP 2.10.8 (GNOME Foundation) 
software14. In accordance with the method, the cysts 
were isolated by means of the Isolation tool, followed 

by the fragmentation of the resulting area from the 
general area of the image and the determination of 
the absolute planimetric dimensions of the defect 
(vertical, horizontal and two diagonal).

Analysis of the parameters of bone tissue in 
the area of the defect and surrounding bone areas 
was performed on the basis of the results of X-ray 
examination in Image J software (Wayne Rasband 
(NIH)) using the specialized plugin Bone J15. Using 
this plugin, the anisotropy parameters of bone tissue 
and the difference in the relative density of the filled 
area and the surrounding bone tissue were studied. 
The statistical processing of the results was carried 
out in the software Microsoft Excel 2016, which is 
part of the Microsoft Office 2016 software package.

Fig.1. Fiber biopolymer matrix. Ob. 10, approx. 10

Fig. 2. Fiber biopolymer matrix. Ob. 10, approx. 10
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RESULTS

As a result of a repeated clinical examination of 
patients in the research group and the comparison 
group, 6 months after the enucleation procedure, no 
complications associated with the infection site and 
associated inflammatory changes were detected. In 
addition, according to the criteria for inclusion of 
patients in the research, the size of the bone defect 
should be no more than 3 cm while maintaining the 
continuity of the structure of the mandible, which in 
turn also minimizes the risks associated with large 
cysts.

The average index of reduction (RI) of the geo-
metric radiological defect size in the research group, 
in which the filling of the main part of the bone de-
fect was carried out using the article of the fibrous 
matrix developed by the authors, was 89.4±2.5%, 
while in the comparison group, this indicator was 
90.2 ± 1.6%. At the same time, statistically, the dif-
ference between the average indices of reduction of 
the geometric radiographic size of the defect was not 
detected (p <0.05). The largest reduction in both the 
research group and the comparison group was noted 
in the horizontal (87.8-93.6%) and in the diagonal 
(88.4-91.5%) components of the defect.

Analysis of the parameters of bone tissue in the 
area of   the defect and surrounding bone areas, which 
was carried out during the control examination based 
on the results of X-ray examination in the software 
Image J (Wayne Rasband (NIH)) using a specialized 
plug Bone J allowed to reveal the following indica-
tors: the level of anisotropy of the completed area of 
the defect in the research group and the comparison 
group was 0.246-0.354 and 0.312-0.395 respectively 
(the statistical difference between the two groups was 
not detected – p <0.05); the difference in the relative 
density of the filled area and the surrounding bone 
tissue was 18.9-26.4% and 15.6-27.3% in the research 
group and the comparison group respectively (the 
statistical difference between the two groups was not 
found to be significant, p <0.05).

The correlation level between the parameters 
of changes in anisotropy parameters and the dif-
ference in relative density in the comparison group 
was 0.64, and in the research group 0.67. It should 
be noted that the decrease of the anisotropy of the 
defect site in comparison with the data were regis-
tered at the moment of diagnosis in the research 
group was 0.523-0.634, and in the comparison group 
0.495-0.655; the primary density difference decreased 
in the research group by 59.3-68.4%, and in the com-
parison group by 60.7-65.2%.

Postoperative dynamics of rheographic indexes 
showed that within 1 month after the intervention of 

RI in patients of group 1 did not differ from the same 
indicator in patients in group 2 (p> 0.05). The time of 
rapid filling  / 1 (blood flow index in large caliber 
vessels) in patients of 1 group has undergone large 
changes in the direction of generally accepted norms 
in comparison with a similar indicator in patients of 
2 group, after a 6-months period. The difference was 
20.0% (p> 0.05).

The temporal rate of vascular uptake of the me-
dium and small caliber  / 2 in patients in 1group 
experienced slight positive changes – it increased and 
remained unchanged throughout the research period. 
After surgical intervention, the volumetric blood flow 
rates of RI decreased to 42.08%. The latter may be 
due to a decrease in the tone of arterioles and veins, 
which led to venous stasis. The only significant im-
provement of rheograms in16 days after surgery is an 
increase in the geographic index to 53.75%, indicat-
ing an increase in blood volume in tissues. A month 
after the surgery, the RI was 63.79% and time charac-
teristics improved. Six months after the intervention, 
RI increased and reached 1.74, which was 72.50%. 
Significantly improved time periods of the function-
ing of vessels of large and medium caliber. There was 
still a fairly large value of /1. The ratio of /T still 
showed venous stasis.

In one month after surgery, in all patients in 2 
groups, the main indicator of blood supply to RI was 
reduced by 49.2% (p <0.05). This is accompanied 
by a significant increase in the tone of the vessels 
of the large caliber and reduction of the tone of the 
arterioles and veins:  / 1 exceeded 4.8-8.4 times (p 
<0.05), /T increased 3 times (p <0.05). This is due 
to insufficiency of perfusion of tissues. Only time 
of slow filling statistically significantly decreased 
by 13.7% (p <0.05). Most likely, this is due to the 
growth of a certain number of blood vessels, mostly 
larger caliber. The tendency towards the growth of 
RI (accordingly, for the improvement of postoperative 
periodontal blood flow) appeared at 6 months after 
surgery: RI was statistically significantly lower than 
the standard norm by 39.1% (p <0.05). The rate of 
filling of  / 2 vessels of medium to small caliber, 
unfortunately, did not undergo significant progress in 
the postoperative period. Sensitivity to hemodynamic 
changes after surgery was the ratio of /T. The fall of 
this indicator occurred gradually, and at the end of 
treatment decreased by 1.4 times (p <0.05). The elas-
ticity of the vessels of the large caliber is significantly 
reduced, blood supply (RI) was 57% of the lower lim-
it of the standard norm. The tone of arterioles and 
veins is significantly reduced. The tone of large cali-
ber vessels and peripheral resistance greatly increased 
against the backdrop of reducing the elasticity of 
large caliber vessels. Blood supply (RI) was 45.83% 
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of the lower limit of norm. The tone of arterioles and 
veins has decreased, which is a sign of deterioration 
of venous outflow. Significant growth was observed 
(RI is 54.58% of the norm), indicating an increase 
in the amount of blood in the bloodstream. In the 
postoperative period, there was a marked increase in 
the quantitative RI blood flow (69.17% of the con-
ditional norm), but the tone of large caliber vessels 
and peripheral resistance were still high against the 
backdrop of a reduced tone of arterioles and veins. 
Venous outflow is difficult. RI rose to 71.25% of the 
norm. At the same time, the tone of large caliber ves-
sels and peripheral resistance remained elevated, and 
the arteriole and vein tone was reduced.

DISCUSSION

The choice of material to replace the defect 
formed as a result of enucleation is based on a num-
ber of clinically meaningful and patient-associated 
factors, but in some cases, spontaneous regeneration 
of bone defect may be possible without the use of any 
auxiliary agents16-18. Data from preliminary clinical 
studies indicate the possibility of spontaneous and 
independent filling of defects in the bone structure 
of the jaws after the elimination of the main active 
pathological factor. In this case, the possibility of re-
generation is largely determined by the ability of the 
formation of a new vascular network in the area of   
defect, the density of which in surrounding areas de-
pends on the density of the bone tissue itself. On the 
other hand, the presence of well-formed walls of the 
bone defect in the lower jaw contributes to better sta-
bilization of the blood clot, which is then subject to 
biological conversion19-21. Classically, during the first 
four weeks, osteogenic and angiogenic cells are mi-
grating to the defect region from surrounding bone 
walls, together with the active period, contribute to 
the conversion of the formed blood clot into the gran-
ulation tissue, and subsequently into the immature 
rough-bone bone tissue3. The specific „hurray“ struc-
ture formed in the bone defect area begins to be de-
termined approximately four months after the initial 
intervention, aimed at eliminating the pathological 
factor, which contributed to the formation and devel-
opment of the defect10,12,22.

A retrospective multicentric research conducted 
by Lim (2017) made it possible to group the factors 
that, according to the analysis of authors, to the great-
est extent lead to the loss of bone augmentation after 
the procedure for the exclusion of cysts in the maxil-
lofacial area25. The use of the method of multivariant 
regression analysis contributed to the possibility of 
numerical representation of the increase in the rel-
ative risk of augmentation-associated complications 

after filling the defect site with a bone substitute, in 
the following cases: at a young age of the patient (rel-
ative risk – 1.033), in smoking (relative risk – 2.698), 
under post-operative infections (relative risk – 4.660), 
at large cysts (relative risk – 1.052), in case of sclerosis 
of the surrounding walls of the defect (relative risk – 
4.973), when using mixtures with autologous bone 
tissue or autologous augmentation in general (relative 
risk – 3.891). The latter risk factor is substantiated by 
the possibility of preliminary infection of the autolo-
gous material at the stage of its collection, which, if it 
is further blended with augmentation of another ori-
gin or isolated use, can automatically lead to the sub-
sequent infection of the entire site of intervention23-25. 
From this point of view, the use of non-autological 
materials (collagen sponge or fibrous matrix) in order 
to fill bone defects formed as a result of enucleation 
is more appropriate.

CONCLUSIONS

As a result of the conducted research, it was 
found that the use of polymeric fibrous matrices and 
polymeric membranes for the purpose of filling de-
fects of bone tissue after the exclusion of radicular-as-
sociated pathologies is characterized by a high level of 
success, which, according to the criteria used in the 
analysis , does not statistically differ from the results 
obtained in the accomplishment of similar defects 
with collagen sponge. Changes in the ratio of  / 
T may indicate metabolic changes in the tissues that 
are characteristics of the process of hydrolysis of the 
polymer.
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